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Welcome!
Welcome to SLONANO 2010 at the National Institute of Chemistry, Ljubljana,
Slovenia. The SLONANO conferences have been organised annually since 2002, when
the first one-day meeting took place at Jožef Stefan Institute. The conferences started as
national meetings but soon became regional and keep gaining on their international
importance. Through all these years, the basic idea of the conference remains the
same: to foster the rapid exchange of results, ideas and know-how in the field of
nanotechnology. In particular, young scientists are strongly encouraged to present their
work and establish contacts with senior researchers.
SLONANO 2010, which is organised by the Jožef Stefan Institute, National Institute of
Chemistry and Center of Excellence in Nanoscience and nanotechnology (CENN
Nanocenter), concentrates on three major topics: "Nanosensors and nanomaterials for
Advanced Sensors", "Surface Nanoscience" and »New approaches to nanosynthesis«.

Organizing Committee

Dragan D. Mihailović, Jožef Stefan Institute, Ljubljana, Slovenia /CENN Nanocenter
Samo Hočevar, National Institute of Chemistry, Ljubljana, Slovenia
Denis Arčon, Jožef Stefan Institute, Ljubljana, Slovenia
Špela Kunej, Jožef Stefan Institute, Ljubljana, Slovenia
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Novel Synthetic Approaches to Metal
Nitride and Metal Carbide
Nanostructures
C. Giordano, A. Kraupner, B. Milke,
A.Garcia-Marquez, Z. Schnepp, M.
Antonietti
Max-Planck-Institute of Colloids and
Interfaces, Colloid department, Research
Campus Golm, 14424, Germany
Nanomaterial chemistry can be
surely considered a new land of science,
where metals become harder, ceramic more
ductile or new properties such as plasticity
or catalytic activity can be shown simply by
reducing the material sizes. As a
consequence,
every
known-material
possesses additional potentials and further
application fields.
In this respect, there is a special interest
concerning metal carbide and nitride
nanostructures (MN/MC), which already as
a bulk material possess special features
(hardness, high wear resistance, electrical
conductivity, magnetic properties, etc.),
which make them suitable for a variety of
applications.
Recently, combining a novel sol-gel
process with a classical carbothermal
reduction nitridation, we set-up easy and
versatile pathways for the synthesis of these
synthetically challenging materials by
employing suitable N/C sources (from
small molecules such as urea, to
biopolymers such as gelatin), which also act
as stabilizing agent1,2. A common
denominator of these procedures is the use
of glass-like starting materials, which allow
addressing a broader range of compounds,
compared to classical solid powder
precursors. This starting glass is
processable and can be transferred into a
variety of binary or ternary MN/MC
nanostructures of high crystallinity and
definition. The mesoscopic morphology can
be controlled from mere spherical
nanoparticles3 towards more complex
structures such as wrapped nanosheets and
fibres or replicas of leaf veins4 (fig.1, 2 and
3 respectively). This flexibility of shape
control is possible without loosing
simplicity, sustainability and reliability of
the process.

References: 1Giordano C.; Erpen C.; Yao W. T.;
Antonietti M., Nano Letters 2008, 8, (12), 4659
2
Giordano C.; Kraupner A.; Wimbush C.S.;
Antonietti M.; Iron Carbide: An Ancient Advanced
Material, Small 2010 (10.1002/smll.201000437)
3
Giordano C.; Schnepp Z.; Wimbush S.; Antonietti
M.; Synthesis of Highly Magnetic Iron Carbide
Nanoparticles via a Biopolymer Route, Chemistry of
Materials, 2010, in press
4
Schnepp Z.; Yang W.; Antonietti M.; Giordano C.,
Angewante Chemie Int. Ed., 2010, in press
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C

Figure 1: a) glass-starting material and b)
corresponding final solid powder of Fe3C. In c) SEM
image of the corresponding Fe3C nanostructures
(scale bar 1µm).

Figure 2: Fe3C nanofibres obtained by
electrospinning of a corresponding gel-polymer
starting material and subsequent heat treatment at
800°C.

A

Figure 3: Complex hierarchical magnetic conducting structures: A) lignin-rich leaf skeleton
templated B) Characteristic helical Xylem replicated
as magnetic Fe3C

B
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Growth of SWCNTs and their
integration in sensors
Miro Haluška
Micro and Nanosystems, Tannenstrasse 3,
DMAVT ETH Zurich, 8092 Zurich,
Switzerland
Carbon Nanotubes (CNTs) appeared first as
a discovery by serendipity out of
mainstream research but after their
rediscovery in nineties, they have attracted
huge attention within the scientific
community because of their extraordinary
properties and broad potential applications.
Nowadays carbon nanotubes can be grown
by different methods which already meet
some of the application requirements.
However, selective production in terms of
electronic properties and chirality is still a
challenge in spite of advances in
understanding nanotube growth
mechanism. Another challenge is to
integrate individual Single Walled Carbon
Nanotubes (SWCNTs) at requested
locations without changing their and
substrate/device functionality.
The first part of this presentation provides
an overview of the different SWCNT
synthesis methods. Attention will be paid to
the targeted production of nanotubes grown
directly on predefined sites of a substrate as
this is requested for their application in
some advanced devices. Different nanotube
formation mechanisms will be presented as
well.
Integration of SWCNTs into MEMS
resonator, gas and pressure sensor devices
will be shown in the second part of the
presentation with focus on integration of as
grown nanotubes. In these applications,
individual SWCNTs are often used as
conducting channels in field-effect
transistors (FET) because of the high
sensitivity of the electronic structure of
SWCNTs to environmental changes.
Process flows for the nanotube integration
and device tests will be presented.
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aggregate into smaller nanoparticles with the
diameter of 2 nm, which after 24 h of the
synthesis start to aggregate in larger crystalline
nanoparticles. Studies of formation of the silicate
framework were complemented with XANES
and EXAFS providing the information on
incorporation of Ti into zeolite Beta. The results
show that Ti incorporates into silicate clusters at
the very beginning of the synthesis.

Investigation of crystallisation process of
zeolite Ti-Beta
Mojca Rangus1, Matjaž Mazaj1, Gregor Mali1,2,
Iztok Arčon3,4, Venčeslav Kaučič1
1

National Institute of Chemistry, Hajdrihova 19,
SI-1000 Ljubljana, Slovenia
2
EN→FIST Centre of Excellence, Dunajska 156,
SI-1000 Ljubljana, Slovenia
3
University of Nova Gorica, Vipavska 13, SI5000 Nova Gorica, Slovenia
4
Institute Jožef Stefan, Jamova 39, SI-1000
Ljubljana, Slovenia
We monitored the formation of aluminium-free
Beta zeolite functionalized with titanium (TiBeta) from the initial gel, through the colloidal
solution containing nanosized zeolitic particles,
to the final product with fully formed zeolitic
framework. We used spectroscopic techniques
such as liquid and solid-state nuclear magnetic
resonance (NMR), X-ray absorption near edge
structure (XANES) and extended X-ray
absorption fine structure (EXAFS).
Nanosized zeolitic particles have attracted
considerable attention because of the improved
catalytic performance which is due to the
increased external surface and decreased channel
lengths compared to the conventional zeolitic
materials [1]. For the use in the catalytic
processes, which involve large molecules,
micro/mesoporous composite materials which
combine properties of both, microporous and
mesoporous
materials,
are
particularly
convenient [2]. In these types of materials
nanosized microporous particles are deposited
into the pores or incorporated in the walls of the
mesoporous matrix [3]. In order to obtain zeolitic
particles that are sufficiently small to be
successfully incorporated in the mesoporous
material, the crystallization process must be
stopped at the right stage of the synthesis.
Therefore, understanding of the crystallization
process of the zeolitic phase is of high
importance. Here we report on the systematic
study of formation and growth process of Timodified zeolite Beta under hydrothermal
conditions investigated by NMR and XAS
techniques.
Liquid and solid-state NMR enabled us to gain
an atomic-scale insight in the formation of
zeolite Beta and thus monitor the crystallization
process. Our measurements show that the
synthesis of zeolite Beta starts with a quick
desolvation of the silicate source and with a
quick formation of oligomers. The oligomers

Figure 1: Formation of zeolite Beta (from
oligomers to zeolitic crystallites).
References:
[1] M.Yamamura, C. Chaki, T. Wakatsuki
and K. Fujimoto, Zeolites 1994, 14, 643649.
[2] J. Čejka and S. Mintova, Catal. Rev. Sci.
Eng. 2007, 49, 457-509.
[3] M. Mazaj, W.J.J. Stevens, N. Zabukovec
Logar, A. Ristić, N. Novak Tušar, I.
Arčon, N. Daneu, V. Meynen, P. Cool,
E.F. Vansant and V. Kaučič, Microporous
Mesoporous Mater. 2009, 117, 458-465.
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oxidation states of various forms of titanium
oxides and sub-oxides. Combining transmission
X-ray microscopy with NEXAFS, TXMNEXAFS allows the study of the electronic
structure of individual TiO2-based nanostructures
with spatial resolution better than 15 nm [2].
In the current study we use TXM-NEXAFS to
study the electronic properties of individual
sodium titanate nanoribbons (NaTiNR) prepared
by hydrothermal treatment of anatase TiO2
micro-particles [3]. The orientation of the
electric field vector (Ē) of the X-rays relative to
the principal axis of the nanostructures is used as
a “search tool” for the direction of chemical
bonds of the atom selected by its absorption
edge. The electronic structure of these
nanoribbons is discussed in terms of the crystal
field splitting.

Investigation of the electronic structure of
sodium titanate nanoribbons using Near-edge
X-ray Absorption Fine Structure combined
with Transmission X-ray microscopy (TXMNEXAFS)
Carla Bittencourt1, Polona Umek2, Xiaoxing
Ke1, Gustaaf Van Tendeloo1, Denis Arcon2,3,
Peter Guttmann4 and Chris P. Ewels5
1

EMAT, University of Antwerp, Antwerp, B2020, Belgium
2
Institute “Jožef Stefan”, Ljubljana, Slovenia
3
Faculty for Mathematics and Physics,
University of Ljubljana, Ljubljana, Slovenia
4
Helmholtz-Zentrum Berlin für Materialien und
Energie, BESSY II, Berlin, Germany
5
IMN-CNRS, Université de Nantes, Nantes,
44322, France

Normal incidence NEXAFS spectra were
measured for TiOx based nanoribbons, with Ē
parallel and perpendicular to the principal axis of
the nanostructure. Peak broadening in the eg
peak of the T L-edge is assigned to signal
averaging of a range of Ti-O bond lengths
present in these nanoscale objects. This
assignment is reinforced by an orientation
dependence of the broadening, with decreased
broadening along the longer axial direction of
the nanoribbon. The work shows the high
potential for TXM-NEXAFS for studying
isolated low-dimensional nanostrutures, notably
through the application of linear dichroism.

Low dimensional TiOx- based structures, such as
nanowires, nanotubes, and nanorods allow the
possibility of fine-tuning physical and chemical
properties, as the electronic structure of these
nanostructures can be easily tuned by changing
synthesis
parameters.
These
titanate
nanostuctures are considered potential active
materials in applications such as lithium ion
batteries, gas sensors, photocatalysts, and dye
synthesized solar cells. Titanate nanoribbons
catalyse decomposition of NOx gases, and they
have also been tested as fillers in
nanocomposites. Several synthesis methods have
been proposed; among them the methods based
on hydrothermal synthesis proposed initially by
Kasuga et al. have shown great potential,
producing uniform samples with a narrow size
distribution and high purity [1].
The nano-scale of these structures prevents the
use of conventional non-spatially resolved
techniques
such
as
X-ray
absorption
spectroscopy (NEXAFS) and photoelectron
spectroscopy (PES) to study the electronic
structure of individual structures. These
spectroscopy techniques typically sample an area
of some µm2. Consequently, the electronic
structure information they provided is averaged
over a large area. In addition, dichroism studies
are also not possible due to the orientational
averaging for a powder of such nanostructures.
The near-edge X-ray absorption fine structure
method (NEXAFS) is ideally suited to study
TiO2-based materials, because both the O K-edge
and Ti L-edge features are very sensitive to the
local bonding environment, providing diagnostic
information about the crystal structures and

References:
[1] Kasuga, T.; Hiramatsu, M.; Hoson, A.; Sekino, T.;
Niihara, K. Adv. Mat. 1999, 11, 1307.
[2] Chao, W.; Harteneck, B.D.; Liddle, J.A.; Anderson, E.
H.; Attwood, D. T. Nature 2005, 435, 1210-1213.
[3] Umek, P.; Cerc Korošec, R.; Jančar, B.; Dominko, R.;
Arčon, D. J. Nanosci. Nanotechnol. 2007, 7, 3502-3508.

Figure 1: TXM image (hν = 460 eV) (a).
Experimental geometries to record the spectra E
vector parallel (E═) or perpendicular (E┴) b)
Selected region for analysis of an isolated
nanoribbon: rectangular area is parallel to the
main axis of the ribbon (green). c) and
perpendicular to the principal axis (blue).
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precursor but a higher temperature (around

Influence of the precursors on the thermal
and structural stability of titanate based
nanotubes

400°C) was noticed from commercial precursor.
This

Silviu PREDA1, Valentin TEODORESCU2,

was

assigned

to

the

nanotubular morphology modification. The TEM

Maria ZAHARESCU1
1

transformation

micrographs come to confirm the deterioration of
nanotubular shape and transformation from

Institute of Physical Chemistry “Ilie

nanotubes

Murgulescu” of the Romanian Academy, 2202

to

particles

(Figure

2).

This

nanostructure has proven to be of interest for use

Splaiul Independentei, 6th District, P.O. Box 12-

in

194, 060021 Bucharest, Romania

catalysis

and

different

energy

related

applications.

2 National Institute for Research and
Development on Materials Physics, 105 bis
Atomistilor, P.O. Box Mg-7, 077125 Magurele,
Romania
Titanate based nanotubes were obtained starting
from two commercial TiO2 nanopowders as well
as from two sol–gel TiO2 amorphous and
crystalline powders, followed by hydrothermal
treatment in 10 M NaOH solution at 140°C for
periods ranging from 24 up to 96 h. The effect of
pre- and post-treatments, such as powder

Figure 1: TEM micrograph of nanotubes
starting from amorphous sol-gel powder,
hydrothermally treated for 24 hours at 140°C.

dispersion, filtration, and acid washing on the
phase structure, shape and morphology of the
titanate nanotubes were investigated. Besides
nanotube structures, nanoparticle aggregates and
nanosheets structures were also observed by
transmission

electron

microscopy

for

the

precipitate washed by diluted HCl and separated
by centrifugation or filtration. Transmission
electron microscopy showed that the nanotubes
products have a tubular layered structure with an
inner diameter of approximately 10-12 nm, wall
thickness of 3-4 nm and 200 nm in length
Figure 2: TEM micrograph of nanotubes
starting from amorphous sol-gel powder,
hydrothermally treated for 72 hours at 140°C,
followed by thermal treatment at 400°C.

(Figure 1). The effect of the thermal treatment
over the structure stability was investigated. By
DSC coupled with DTA-TG was noticed that the
first phase transformation occurs around 350°C
for samples starting from laboratory-made
16
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nanoparticles within a PEM the Ti-NBs-PEM
nanocomposites were immersed in an aqueous
solution of silver acetate. By subsequent thermal
treatment PEM is removed resulting in the
crystalline Ag-titanate nanobelts composite
formation. The absorption maximum and
photocatalytic activity of pure titanate nanobelts
and Ag-titanate nanobelts composite was
measured by UV-vis spectroscopy. As formed
Ag(x)/Ti-NBs exhibit visible photoactivity
assigned to the plasmonic effect of the Ag
nanoparticles and is Ag content and particle size
dependent.

Ag nanoparticles on titanate nanobelts via
self-assembly of weak polyelectrolytes
Ines Bračko, Manca Logar, Boštjan Jančar,
Danilo Suvorov
Jožef Stefan Institute, Advanced Materials
Department, Jamova 39, 1000 Ljubljana
High specific surface area and quantum
electronic properties of titanate nanostrucutures
with elongated morphology render these
materials as possible candidates for the
application in fields of solar cells, hydrogen
sensing and storage, lithium batteries,
photocatalysis.
In comparison to TiO2, the utilization of onedimensional
alkali
metal
titanate-based
nanostructures with similar electronic band
structure due to their intrinsic properties such as
layered mesoporous structure, high crystallinity,
and high abundance of surface hydroxyl groups
may result in reduced recombination rates of
photogenerated electron-hole pairs and thus yield
enhanced photoactivity.
In order to make them photosensitive in the
visible range of solar spectrum a variety of
methods that may modify the energy band of
titanate-based
nanostructures
have
been
introduced. Recently, surface plasmon resonance
(SPR) induced visible photocatalytic activity was
observed in various nobel metal-titania
nanocomposites. The characteristics of the SPR
and thus plasmonic effect in the photocatalysis
are metal particle size- and shape- dependent.
For this reason, the synthesis approach of
nanocomposite with the ability of obtaining the
control over metallic nanoparticle’s size and
concentration is required. The use of organic
templates has proven to be an effective route
towards accomplishing these requirements. For
the inorganic-organic nanocomposite fabrication
weak polyelectrolyte multilayer (PEM) templates
formed by the Layer-by-layer (LbL) self
assembly of appositively charged polyions has
been utilized as a nanoreactor for in-situ
inorganic particles synthesis.
In our study, a weak PEM was assembled on the
surface of the hydrothermally synthesized
titanate nanobelts (Ti-NBs) and as such utilized
as template in the Ag-titanate nanobelts (Ag/TiNBs) composite fabrication. The polyelectrolyte
multilayers (PEMs) of poly(allylamine) (PAH)
and poly(acrylic acid) (PAA) were assembled on
hydrophilic surface of titanate-nanobelts by the
sequential deposition of polyions from an
aqueous solution. In order to synthesize the Ag
17
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Hydrothermal preparation of nanosized
Na0.5Bi0.5TiO3
T. Šetinc, M. Spreitzer, M. Logar, D. Suvorov
Department for Advanced Materials, Institut Jožef
Stefan, Ljubljana, Slovenia

Progress in the field of ferroelectric ceramics
is nowadays focused toward materials of
lead free compositions. In this regard,
sodium bismuth titanate, Na0.5Bi0.5TiO3
(NBT), attracted considerable attention due
to the intriguing piezoelectric and
ferroelectric properties. NBT powders have
traditionally been prepared by solid-state
reaction. However, low control over the final
products morphology of conventional
techniques directed production of nanostructured powders toward wet chemical
methods. Among the existing techniques, the
hydrothermal synthesis gained great interest
since it enables production of nanosized
crystalline powders of low agglomeration in
a single step and under moderate
temperature conditions.
Synthesis of Na0.5Bi0.5TiO3 was studied by
hydrothermal treatment of TiO2 (anatase)
and Bi(NO3)3·5H2O in a highly concentrated
NaOH solution. Various alkaline conditions,
concentrations of precursors, the reaction
temperature and treatment time were studied.
The as-prepared powders were characterized
by X-ray diffraction analysis (XRD) and
transmission electron microscopy (TEM).
Our preliminary results indicated formation
of secondary phases previously not reported
in the literature. In this regard, it was
established that parallel reactions proceed in
the initial stage of reaction, resulting in the
coexistence of NBT and sodium titanate
phases. In our contribution, we will reveal
the relations established between the
reaction parameters applied in the
hydrothermal synthesis and the formation of
NBT and appearance of secondary phases. In
addition, Bi/Ti molar ratio will be presented
as a powerful tool for control of obtained
phase composition.
18
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[3] A. Luque and A. Martí, Phys. Rev. Lett. 1997,
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Detailed-Balance Efficiency Calculations for
Intermediate-Bandgaps Solar Cells (IBSC)
based on Ti Oxo-polymer
Zulfiqar A. Umrani, Mireille Richard-Plouet
and Luc Brohan
Institut des Mate´riaux Jean Rouxe,lUniversite´
de Nantes, CNRS, 2, rue de la Houssinie`re,
BP32229 44322 Nantes Cedex (France)
Ti-DMF sols and gels synthesised at
CESES/IMN’s team show tunable Intermediate
Bands (IB) after UV treatment. The photoinduced intermediate bands (IB) allow
absorption of photons with lower energies than
the bandgap energy of the transparent
semiconductor (Figure 1). Absorption spectra
and their graphical analyses, investigated in
previous PhD thesis of T. Boryana [1] and A.
Rouet [2], gave a clearer insight into nature of
these bands.

Rear metallic Contact
p-type NiO/NiOH
collector
TiDMF Sol- gel
TiO2 nanotubes

e
-

n type TiO2
thin film
(20-30 nm)

The creation of IBs ought to qualitatively
increase the limiting efficiency of absorber
layer.[3] Approximated efficiency of IB based
on photosensitive sol-gel have been quantified.
The detailed-balance (D-B) approach allows us
to determine the photovoltaic system input and
output fluxes without getting bogged down with
inner cell dynamics. [4] Using this approach,
Shockley-Queisser managed to calculate the
limiting efficiency of a single junction solar cell
at ~ 32%. A. Luque uses the same approach to
calculate the efficiency of a single IB
intermediate solar cell at ~63% (1000 suns).[5].

illumination

(TCO) Glass

Figure 1:

The D-B is used to calculate the fluxes
for each transition existing in an IB-system to
determine the open-circuit voltage and shortcircuit current. Then, the IBs can be modelled as
an electrical circuit.[6] Afterwards, the circuit is
resolved graphically by the standard method
used by Wenham. [7]
Considering ideal conditions and using
two IB levels in our material, the efficiency for
Sols and Gels in our solar cells, are ~38% and
~48% respectively, without concentrators. These
are higher than single junction solar cell
efficiency at ~32% (1.5 AM illumination). [8]
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additional Debye-like response not present in the
solution-mixed samples.
Similarly to carbon black filled polymers [3-4],
electron tunnelling exists in MWCNT-polymer
composites and even seems to be the dominant
conductive mechanism at nanotube-junctions in many
cases [5-7]. Such a junction can be modelled as a RCequivalent circuit in parallel giving rise for a Debyetype response. Employing an expression for the
resistance of a quantum-mechanical tunnel current
over a potential barrier, k0, formed by a potential
height ∆E and the gap of the junction, δ, filled with
polymer, the gap can be estimated from the
characteristic frequency of the Debye-response [4, 8]
Fig. 2 shows the estimated gap between tubejunctions related to the relaxation process 2 for three
assumed potential heights found to be of the order of
1-3 nm, which is a reasonable order of magnitude for
quantum-mechanical tunnelling of electrons. We
emphasise that the gap remains almost constant
independent of a varying MWCNT-concentration. A
question that immediately arises is: What maintains
the gap constant and how is it related to the
processing conditions?

The nanostructure and mechanics of
MWCNT reinforced TPEs for application
as large strain-mechanical gauges
J. G. Meier1*, C. Crespo1, P. Gonzalvo, J. L.
Pelegay1, M. A. Jiménez1, P. Castell2, W.
Maser2, A. Benito2
1)

Instituto Tecnológico de Aragón, C/ María de Luna
8, E-50018 Zaragoza, Spain
2)
Departamento de Nanotecnología, Instituto de
Carboquimica, CSIC, C/ Miguel Luesma Castán 4, E50018 Zaragoza Spain
Block copolymers (BCP) can segregate into
microphase lamellae, cylinders and spheres, amongst
less common morphologies, with well-ordered selfassembled nanostructures in the order of 10-100 nm,
dictated by the Flory–Huggins interaction parameter,
the volume fraction and molecular weight of the
blocks. Exploiting the difference in the polymer-filler
interaction of the distinct phases of the BCP, such
mesophases can act as structure-guiding hosts for
nanofillers allowing the enhancement of effective
overall physical properties of the composite [1]. In
extreme cases predominant localization of the filler in
one phase of the BCP can occur [2].
In this study we focus on the dispersion behaviour of
neat MWCNTs in a commercial styreneethylenebutylene-styrene block-copolymer (SEBS),
comparing the mechanical and electrical properties of
the composites obtained by mixing the polymer melt
and ultrasound dispersion in solution. We found
substantial differences between the composites in
dependence of the processing method. Most notably
are the higher critical concentration of MWCNTs for
percolation, the lower conductivity and the lower
modulus of the ultrasound dispersed, solution-mixed
samples in comparison with the melt-mixed ones.
This is a surprising effect, because ultrasound
treatment is typically associated with a superior
dispersion and low electrical percolation thresholds.
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We will discuss how the different process conditions
affect the matrix-tube interaction causing the strong
overall effect on conductivity and reinforcement. We
will furthermore demonstrate how such a
mechanically “soft” electrical contact can beneficially
be exploited in stain-gauges for large deformations.
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Fig. 2 - Gap distance as function of filler concentration for
three assumed potential heights
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Fig. 1: Examples of the fits showing the individual 6.
contributions to the dielectric spectra of the melt-mixed
samples.

7.

While
TEM-observations
were
inconclusive,
dielectric spectroscopy showed that in the melt-mixed
samples two relaxations are observable (cf. Fig. 1) –
one related to the fractal filler network and an

8.
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Thin Films of Cubic Mesoporous Aluminophosphates
Modified by Silicon and Manganese
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Important feature of nanoporous solids based on
a various metal oxides is their ability to form
thin films with thickness on a nanometric scale
where the contribution of the surface is much
higher than in powder (xerogel) analogues.
Investigations in this field of materials are
uprising fast due to the potential applications as
chemical and optical sensors, shape-selective
membranes and energy-storage devices [1].
Recently,
we
have
investigated
aluminophosphate cubic mesoporous films [2,3].
Aluminophosphate reaction mixtures modified
by silicon and manganese were templated with
non ionic polymer surfactant Pluronic F127 and
deposited as thin layers of precursor solution on
Petri dishes for xerogels and on glass substrates
for thin films. Surfactant removal was
investigated by thermal analysis. Small Angle Xray Scattering measurements showed that
calcined silicoaluminophosphate (SAPO) and
manganese silicoaluminophosphate (MnSAPO)
thin films have highly ordered mesostructures,
which remain stable up to at least 400°C. The
mesostructures exhibit cubic symmetry described
by an Im 3 m space group. Cubic mesostructure
was confirmed also by TEM, SEM and AFM
microscopy. Incorporation of silicon and
manganese
into
the
aluminophosphate
framework was studied by solid-state NMR and
X-ray absorption spectroscopy. Silicon rich
domains were detected in calcined SAPO and
MnSAPO xerogels and in MnSAPO thin films.
The observation of Si(OSi)3(OAl) framework
units at the border of such domains suggests that
acid sites might be included within
silicoaluminophosphate walls. Mn3+ and Mn2+
cations are present in the MnSAPO frameworks
of calcined xerogels and thin films in the molar
ratio of 40%/60%. Manganese cations are
coordinated to four oxygen atoms, suggesting
that they are incorporated within the framework
and that they can act as framework redox sites.

a)

b)

c)

Figure 3. FEG-SEM images of calcined
SAPO thin film show smooth and
continuous surface (a), highly ordered
mesoporous cubic structure in (110)
direction (b), and FFT-filtered image of the
corresponding micrograph from the selected
area in Figure b (c).
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have also compared calculated layer
structures with the deposited TiAlN/CrN
nanolayered coatings.

INFLUENCE OF PLANETARY ROTATION
ON THE LAYER STRUCTURE OF
NANOLAYERED COATINGS

M. Panjan, M. Čekada, P. Panjan.
Jožef Stefan Institute, Jamova 39, SI-1000
Ljubljana, Slovenia
T. Peterman. University of Ljubljana,
Faculty of mathematics and physics,
Jadranska 19, 1000 Ljubljana, Slovenia
In the industrial PVD systems, hard coatings
are deposited on the substrates, which rotate
in a manner similar to planetary rotation.
Typically, the substrates rotate around two
or three axes. This assures that an uniform
coating is deposited on the surface of the
substrate with complicated geometry such as
cutting tools. Planetary rotation is practical
when single-layer coatings are deposited.
However, planetary rotation is problematic
for the deposition of nanolayered coatings
because their properties, such as hardness
(superhardness effect), strongly depend on
the thickness of individual layers. Due to
planetary rotation substrate travel on
complicated trajectory along the targets of
different materials and the result is that the
thickness of individual layers varies. Hence,
different periodic or aperiodic structures are
produced. The layer structure depends on:
the type of rotation (1-, 2-, 3-fold rotation),
the ratios between the rotation around
individual axes, the initial position of the
substrate, and the target arrangement.
In our previous work we developed a model
of sputtering process in the deposition
system with the planetary rotation. With
such model, we can predict the layer
structure for different parameters of the
substrate rotation. Using this computer
simulation, we have analyzed the influence
of different parameters on the periodicity
and uniformity of nanolayered coatings. The
results of calculations show that the
periodicity strongly depends on the type of
the rotation, initial substrate position and on
the gear ratio between the turntable and the
substrate towers while the position of the
targets has less influence. In order to prove
the accuracy of the calculation model, we
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Localization of Functional Groups Grafted to
Carbon Nanostructures. Au Nanoparticles as
Contrast Markers
Quintana Mildred

Abstract

The fascinating chemical and physical properties
of carbon nanostructures as fullerenes, carbon
nanotubes (CNTs), and more recently graphene,
have attracted enormous interest in the scientific
community. C60 and the higher fullerenes
displayed a remarkable chemical reactivity,
which has generated an entirely new research
field: the organic functionalization of carbon
nanostructures.
The
main
characteristic
associated with most of carbon nanostructures is
the presence of pentagons and heptagons in a
predominantly hexagonal carbon network
leading to positive and/or negative curvature. In
fullerenes and CNTs, the curvature has been put
in relation with an enhanced reactivity; namely,
the reactivity increases with increasing the
degree of curvature. In graphene instead, the
sheet edges are usually considered the most
reactive sites, as only few defects are observed
on the highly crystalline lattice. In the present
work, we demonstrate that is possible the
localization of different functional groups
grafted to the carbon network by using Au
Nanoparticles (Au NPs) as contrast markers.
Basically, two strategies are used for the
localization of the functionalized groups grafted
to the carbon network: Au NPs adequately
stabilized recognize thiol and amino groups and
secondly, the growth in situ of Au NPs by a UVlight assisted process selectively localizes
oxygenated defects. The localization of the
functional groups grafted to carbon nanotubes
and graphene sheets confirms that the reactivity
of the nanomaterial is related to the
conformational network arrangement.
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In this work we elaborated the effect of
temperature, dynamics of isolation and
anticoagulants on the isolation of NVs from
blood.

Effect of external parameters and procedure
dynamics on isolation of nanovesicles from
blood
Veronika Kralj-Iglič, Vid Šuštar, Mojca Frank,
Apolonija Bedina-Zavec, Peter Veranič, Blaž
Rozman, Aleš Iglič, Roman Jerala, Henry
Hagerstrand

Blood was taken from 65 healthy subjects
without a record of disease into vacutubes
containing anticoagulant. Anticoagulants EDTA,
heparin and trisodium citrate were used. NVs
were isolated by repeated centrifugation and
washing of samples as described in [2].
Folowing isolation procedure, NVs were counted
by a flow cytometer. Isolates and sediments were
observed by scanning electron microscope.

Laboratory of Clinical Biophysics, Faculty of
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Ljubljana, National Institute of Chemistry,
Laboratory of Biophysics, Faculty of Electrical
Engineering, University of Ljubljana, Institute of
Cell Biology, Faculty of Medicine, University of
Ljubljana, Slovenia, Department of Biology,
Biocity, Abo Akademi University, Finland

It was found that the number of NVs in isolates
is higher if the procedure is performed at lower
temperatures. Numerous NVs as well as
numerous cells were observed in isolates and in
sediments. Incubation of platelet-rich plasma
caused massive shedding of platelets. Heparin
caused an increased formation of fibrin fibers in
isolates. It was found that the plasma fractions
closer to platelets (lower parts in the vacutube),
from which NVs are isolated, contain larger
number of smaller NVs than the more upper
parts as activated platelets dwell longer in this
compartment.

We present a review on elaboration of the
protocol for isolation of submicron-sized
membrane-enclosed particles (nanovesicles)
from peripheral blood. Since biological role and
potential diagnostic and therapeutic values of
nanovesicles (NVs) were recognized, efforts are
being made to develop relevant methods for their
gathering, characterization and assessment from
peripheral blood. NVs can be visualized by
electronic and atomic force microscope and/or
counted by a flow cytometer. The abundance of
MVs reflects the extent of the membrane pool
available for budding and vesiculation, the
efficiency of the clearance mechanisms, the
properties of the solution surrounding the
membrane, and those properties of the
membrane that render it more or less likely to
bud and vesiculate. Increased levels of
circulating NVs were found in patients suffering
from cardiovascular disorders, cancer
and
autoimmune diseases. Studies of the origin of
MVs isolated from peripheral blood have shown
that the largest pool comes from platelets
(around 80%), erythrocytes (around 10%) and
other cells (T-helper cells, T-supressor cells,
monocytes, B-lymphocytes, granulocytes and
endothelial cells).

Based on results obtained and from evidence
from the literature it was concluded that the
protocol for determination of the number of NVs
cannot be substantially improved without
technologically advanced solutions involving
improvements of the temperature regulation,
especially in the centrifuge. Also, gathering of
plasma from vacutubes should be automated as
to ensure that the same fraction of plasma is
taken from each sample. Within the existing
possibilities, in order to optimize repeatability of
the method that is necessary for population
studies is adviced that the procedure is
performed at at 37 oC instead of at room
temperature as to avoid activation of platelets
due to cooling and to speed up sedimentation of
cells. Plasma should be pipetted slowly using a
tip with wide opening while trisodium citrate
seems the best choice of anticoagulant.
References:
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The most widely used method for assessment of
NVs from blood, consisting of centrifugation and
washing of samples, is highly sensitive to
external parameters such as temperature and
dynamics of isolation. For this reason a large
pool of MVs is created in vitro after the blood
uptake which is an artifact.
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Self-assembly of G-rich DNA
oligonucleotides in aqueous solutions

The formation and dimensions of DNA
quadruplexes composed of five different short
oligonucleotides rich in guanine were analysed
(Fig. 1). The formation of quadruplexes and their
growth were analysed by DLS (Fig. 2) and the
results were compared with polyacrilamide gel
electrophoresis (PAGE) measurements. The
length of the quadruplex depending on the base
sequence is given in Table 1.
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The results show that there is no significant
difference in the aggregation features of
oligonucleotides with one or two CG ends. The
temperature and concentration dependence of
quadruplex formation were also analysed. These
measurements show that the size of observed
quadruplex
structures is
independent
of
temperature and concentration (in the
investigated concentration range of 0.15 mM 0.4 mM) [2].

The construction of specific surface architectures
via controlled self-assembly is a key goal in the
design of nanoscale molecular electronic
devices. In this respect, biomolecular selfassembly of the strongly interacting DNA bases
provides a promising avenue. Particularly
attractive candidates are guanine-rich DNA
sequences, which have the unique ability to form
highly ordered quadruplex structures. Moreover,
guanine (G) has a low ionization potential due to
which it plays a key role in electrical
conductivity of DNA-based materials.
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Base sequence of a G-rich oligonucleotide,
especially the end effects, play an important role
in long G-quadruplex formation. The idea of
wire formation is based on the finding that GC
“sticky ends” may be used to link quadruplexes
into longer 1D- aggregates [1]. This is why all
oligonucleotides investigated in our study have
at least one GC end.
A convenient method to determine the length of
a DNA quadruplex in solution is dynamic light
scattering (DLS). From DLS measurements the
diffusion coefficients of the scattering objects
can be calculated. With a corresponding
hydrodynamic model for rodlike objects the
length of the quadruplex is obtained.
Sequence

D (10-10 m2/s)

L (nm)

GCG2TG2CG
GCG2TG4TG2CG
GCG2TCG4 TCG4TG2
GCG2TG4 TG4TG2CG

3,30 ± 0,30
0,89 ±0,04
1,06 ±0,04
1,15 ±0,04
0,79 ±0,01

0,8±0,8
8,8 ±0,8
6,1 ±0,5
5,0 ±0,4
11,0 ±0,2

GCG2TG4 TG4TG4 TG4TG2CG

Figure 1: The structure of quadruplexes formed by
the five G-rich DNA sequences.

Figure 2: Typical DLS autocorrelation functions of
oligonucleotide GCG2TG4TG4TG2CG at c = 0.4 mM.
Different curves correspond to different scattering
angles in the range from 500 to 1300.

Table 1: Length of G-quadruplexes from DNA
sequences containing GGGG repeats.
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flat PDMS was observed during the first 6 hours
after the neuronal pleating on the substrates but
the increasing effect of the pattern is still present
after 4 days of culture. This result suggests that
PDMS pillars accelerate and enhances ES cells
differentiation into neurons.

Effect of PDMS nanopatterned substrates on
Embryonic Stem Cells differentiation into
neuronal lineage
Elisa Migliorini1,3, Gianluca Grenci1, Jelena
Ban2, Elisabetta Ruaro4, Massimo Tormen1,
Marco Lazzarino1,3 and Vincent Torre2.
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The possibility to fabricate a biomaterial which
can interact with Embryonic Stem (ES) cells and
direct their differentiation into neuronal lineage
for tissue engineering represents one of the most
interesting topics in neuroscience technology [1].
Using a substrate which mimics brain
extracellular matrix (ECM) has been proposed as
an alternative route to induce ES-cells
differentiation into neurons without adding any
biochemical factors [2]. We fabricated
polydimethylsiloxane (PDMS) nanopatterned
substrates consisting in grooves and pillars
arrays with nanometrical dimensions. We choose
PDMS rather than common glass substrates
because it is one of the softest materials that can
be nanofabricated, with the Young’s modulus
similar to the one of the brain ECM. Moreover

it has been already proposed that soft
substrates are neurogenic while hard
substrates are osteogenic [3]. We first
observed an increase in cell survival 24 hours
after seeding on PDMS with respect to glass
substrates. A quantitative analysis was applied to
study the growth and differentiation on the
different PDMS nanosubstrates as a function of
the different geometry, periodicity and aspect
ratio. Pillars resulted more effective than grooves
and a significant height-dependent effect on
neuronal differentiation was observed. Indeed
the highest aspect ratio pillars showed the largest
neuronal yield (Fig.1). Two explanations can
account for these observations, a pure
topographic effect or a geometrical softening of
the substrates. SEM analysis showed that on high
aspect ratio pillars the neurites grew on the top
while on low aspect ratio structures they grow
randomly on the base on the top. Time course
experiments demonstrates that the larger
differentiation enhancement of nanopillars over

Fig4: a-d: AFM cross section profiles of pillar 500nm
period, 1 µm period and respectively 35, 80, 180 and
360nm height, e-h: IF images of cells differentiated on the
corresponding substrate. i-l: cross section profiles of 1µm
period and 50, 120, 220 and 400 height pillars, j-p: the
corresponding IF stained images.
Fig 4.1: The graphs represents the ES cells
differentiation into neuronal lineage respect to the pillars
height. Fig 4.1a : Tuj1 (red line) and Nestin (blue spots)
staining on 500nm period pillars. Fig 4.1b Tuj1 (blue line)
and Nestin (red spots) staining on 1µm period pillars.
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irreversible behaviour, regardless of the number
of attached alkanoyl tails. They also exhibit
significantly lower critical surface areas and
considerably higher critical surface pressures (∼
35 mN/m) than the analogous G-derivatives,
which indicate different bonding properties of
the G- and A- derivatives on the molecular scale.
In LB-films, the A-derivatives assemble into the
relatively large surface structures of a more or
less irregular form. This observation, together
with profound irreversibility of the pressure-area
isotherms, is presumably associated with the
strong tendency of the A-derivatives to form
micellar structures.
From the point of view of possible
applications of LB films of nucleobase
derivatives in molecular electronics, the Gderivatives seem to be much more promising
than the A-derivatives. In particular the Gmaterial with two tails (dG(C10)2) is very suitable
for applications requiring homogeneous films
with well defined and tunable thickness. This
idea is further supported by our recent
investigations of multilayer LB films of this
derivative, which showed that regular terracelike morphology is preserved also in multilayer
structures. Such well-defined multilayer LB
structures are to our opinion best candidates for
fabrication of highly ordered hybrid systems.

Langmuir and Langmuir-Blodgett films
of lipophilic guanosine and adenosine
derivatives
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We investigated surface organization of
lipophilic guanosine (G) [1] and adenosine (A)
derivatives with one, two and three 10-carbon
long alkanoyl tails in Langmuir films on water
surface and in Langmuir-Blodgett (LB) films
transferred onto mica substrate. Profound
differences were observed between the analogue
derivatives including different nucleobases (G or
A), as well as between the derivatives containing
the same nucleobase, but having attached
different number of alkanoyl groups.
In Langmuir films the G-derivative with
one alkanoyl group (GACE(C10)) shows
irreversible pressure-area isotherms, while in LB
films it exhibits a ribbon-like structure. The Gderivatives with two (dG(C10)2) and three
alkanoyl groups (G(C10)3) show reversible
pressure-area isotherms with similar critical
surface pressures (∼ 20 mN/m), whilst their LB
film structures are significantly different. The Gderivative with two tails forms LB films with flat
terraces of micrometer size, while the derivative
with three tails exhibits irregular thread-shaped
assemblies. These observations demonstrate that
molecular assembly of LB films of G-derivatives
can be effectively manipulated by altering the
number of attached lipophilic groups [2].
The pressure-area isotherms of the
Langmuir films of A-derivatives show very
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Figure 1: Surface pressure versus area isotherms of
Langmuir films of GACE(C10), dG(C10)2, G(C10)3, AACE(C10),
dA(C10)2 and A(C10)3 on water subphase.

Figure 2: Structural formulas of a) GACE(C10), b)
dG(C10)2, c) G(C10)3, d) AACE(C10), e) dA(C10)2 and f)
A(C10)3.
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Electrochemistry of Nanostructured Platinum
Microelectrodes. Applications in
Electroanalysis and Electrocatalysis

Figure 1: SEM image of a mesoporous
platinum microelectrode (MPtM).

Salvatore Daniele, Dario Battistel, Carlo
Brgato, M. Antonietta Baldo
Department of Physical Chemistry, University of
Venice, Calle Larga S. Marta, 2137- 30123
Venice, Italy. E-mail:sig@unive.it

Nanostructured materials having a high
specific surface areas and/or uniform pore
diameters are currently the subjects of
considerable research, because of their
potential applications in catalysis, batteries,
fuel cells and sensors [1]. In the
electrochemistry field, naonostructured
materials are promising for the construction
of electrode systems able to enhance the
faradic current of electroactive species
whose process strongly depends on the
number of active sites available onto the
electrode surface. There is a wide number of
species of technological, environmental and
biological interest, which fall within this
category. Examples include several small
organic molecules (SMOs) and hydrogen
peroxide [2,3]. Platinum based materials
play an important role as electrocatalysts for
such species [2,3].
In this presentation, an overview of recent
work done in our laboratory in the field of
nanostructured platinum systems is reported.
In particular the voltammetric behaviour of
SOMs (namely, formic acid, methanol,
ethanol and glucose) and H2O2 at
nanostructured platinum or foreign metalmodified platinum microelectrodes and
arrays of microelectrodes under various
experimental conditions is discussed.
Moreover, some strategies that make use of
scanning
electrochemical
microscopy
(SECM) to obtain information on catalytic
activity of the above nanostrucured materials
are also presented.

Figure 2: SEM image of an array of mesoporous
platinum microelectrodes.

Figure 3: Cyclic voltammograms recorded at
two MPtMs with roughness factors (real to
geometric surface area ratio) equal to 60 (black
line) and 200 (red line) in 0.5 M H2SO4 + 0.1 M
HCOOH. Scan rate 50 mVs-1.
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structure, nanoscale dimensions, and it is easily
obtained in high yields and gram quantities.
Water oxidation catalysis by 1 occurs in the
presence of Ce(IV), introduced as a sacrificial
oxidant, with remarkably high turnover
frequencies (TOF = 450 cycles⋅h-1) and no
deactivation. In this process, the four RuIV–H2O
groups, within the catalyst core, are able to
mediate the 4e-/4H+ overall process, through a
sequential electron and proton loss in a relatively
narrow potential range (redox potential
levelling). We will show that such flexibility,
together with the unique mechanistic and
stability features of 1, can leverage important
improvements of the catalytic protocol at the
heterogeneous surface of functional electrodes
integrating carbon nanostructures (CNTs).

Water Oxidation Catalysis at
Nanostructured Polyoxometalate
Interfaces
Marcella Bonchio
ITM-CNR, University of Padova, Department of
Chemical Sciences, via Marzolo 1, I-35131
Padova, Italy
A key issue in the field of artificial
photosynthesis research, for the conversion of
water to fuel, is the design of efficient catalytic
routines that can operate with energy and rates
commensurate with the solar flux at ground
level. A factual solution to this need implies the
mastering of the electron transfer distance,
junctions and potential gradients at the molecular
level and within a nanostructured environment.
We report herein a combined synthetic,
spectroscopic and mechanistic study on the use
of polyoxometalate catalysts enabling water
oxidation at low overpotential and with high
efficiency in terms of both rate and productivity.
Polyoxometalates (POM), display discrete
inorganic structures at the borderline between
molecules and extended solids. Stabilization of
adjacent d-electron metal centers through
multiple-µ-hydroxo/oxo bridges, is one of the
most powerful strategies adopted by natural
enzymes
to
effect
multiple/cascade
transformations of formidable complexity and of
paramount importance, as in the photosynthetic
system.

These latter are especially promising in the
context of water splitting functional systems
due to their electron-acceptor/charge
separation character, large surface area, and
stability (Figure 2)
Figure 2. Z-contrast STEM image of the composite
1@MWCNT. where nano-domains (ca. 1 nm) ascribed to 1
yield a brighter contrast

Figure 1. Electrostatic capture of polyanionic cluster 1
by polycationic dendrons on the MWCNT surface and
polyhedric structure showing the side and front view of
POM (red) embedded tetraruthenate core of 1 (yellow)
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A promising innovation in the field is the recent
discovery of a totally inorganic and highly robust
tetraruthenate cluster, which belongs to the class
of
polyoxometalate
(POM)
anions,
M10[Ru4(H2O)4(µ-O)4(µ-OH)2(γ-SiW10O36)2]
(M101, M = Cs, Li). This complex has oxygen
evolving activity, features a multi-metal oxide
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trioxa undecan iodide (MC060) was extensively
investigated and its conductivity was improved
from ∼10-4 S/cm to the order of magnitude 10-3
S/cm after addition of alkyl functionalised ionic
liquid 1-methyl-3-propyl imidazolijev jodid
(MPImI). The molar ratio MC060:MPImI up to
1:15 could be achieved when glacial AcOH was
used as catalyst. Preparation of hybrid EC
devices with electrolyte MC060:MPImI = 1:10
with different amount of iodine showed
persistent spectroelectrochemical response even
up to 15.000 colouring/bleaching cycles. In-situ
micro-Raman spectroscopy was further used to
get an insight in the functioning of these devices
through the formation/decomposition of I3- ions
in the near proximity of thin film electrodes.
Structural properties of electrolytes were
deduced from 29Si NMR and ATR IR
spectroscopy measurements.
The search for other possible catalysts, i.e.
formic acid, further revealed that when similar
ionic
liquid
1,29-bis(3-(3(trimethoxysilyl)propyl))imidazolium-1-il)3,6,9,12,15,18,21,24 oktaoksaheksacosan dijodid
(MC227) with longer poly(ethyleneoxide) chain
between two imidazolium rings was used even
the molar ratio MC227:MPImI = 1:30 could be
obtained. The gels were elastic and possessed
good gluing properties when applied between
two glass plates.
It should be noted that hybrid EC devices were
constructed also from completely solid
electrolytes prepared from polyhedral oligomeric
silsesquioxanes (POSS) functionalised ionic
liquid.
Similar approach as in the case of iodide ionic
liquids was used also for mesylate ionic liquids.
Therefore, bis end-capped ionic liquid 1,14bis(3-(3-(3-methoxysilyl)propyl)imidazolium 1il)-3,6,9 trioxa undecan dimesylate (MC213) was
mixed with alkyl-functionalised 1-methyl-3propyl imidazolium mesylat (MC215) up to
molar ratio 1:10 and after addition of lithium salt
applied in a battery type of EC devices.

Nanocomposite Semi-Solid Electrolytes based
on Alkoxysilyl Functionalised Iodide and
Mesylate Ionic Liquids
A. Šurca Vuk1, M. Čolović1, M. Hajzeri1,
I. Jerman1, A. Jesih2, B. Orel1
1

National Institute of Chemistry, Hajdrihova 19,
SI-1000 Ljubljana, Slovenia
2
Jožef Stefan Institute, Jamova 39, SI-1000
Ljubljana, Slovenia

Semi-solid ionic conductors are gaining
importance as electrolytes in fuel cells, lithium
rechargeable
batteries,
dye
sensitised
photoelectrochemical cells and electrochromic
devices. For the latter, the commercial
breakthrough has been limited by long switching
times and insufficient cycling stability, with the
electrolyte being recognised as the weakest point
of the whole system1. The liquid electrolytes
were still affected by stability problems,
therefore investigations of various polymer
electrolytes started, but the devices were limited
by low polymeric ion conductivity. Ionic liquids
became recognised as the most viable option for
the preparation of EC devices due to their wide
electrochemical stability windows and good
ionic conductivity even at room temperature.
Despite their low vapour pressure they are still
liquids at room temperature, which actuated the
studies of their solidification with addition of
either solid nanoparticles or small weight
gelators, and also through their incorporation in
polymer matrices. Another innovative approach
was also synthesis of polymerisable ionic liquids
with different polymerisable groups like vinyl,
acryl,… positioned either on cations or anions2.
This approach can be used also in case, when
alkoxysilyl functionalised ionic liquids3 are
synthesised, enabling the reactions of solvolysis
(hydrolysis) and condensation after their
initiation with suitable catalysts like glacial
acetic or formic acid.
In this work we will present a series of
alkoxyfunctionalised ionic liquids on the basis of
imidazolium, either single or bis end-capped,
with iodide or mesilate anion. The iodide ones
enable the preparation of redox I3-/I- electrolytes
that can be applied in hybrid EC devices between
optically active WO3 and catalytic layer of Pt on
FTO glass, while mesilate ionic liquids were
used for the preparation of classical battery type
of EC devices with two intercalation thin films
after addition of lithium salt.
Bis end-capped iodide ionic liquid 1,14 bis(3-(3(3 methoxysilyl)propyl))imidazolium 1-il)-3,6,9

References:
1. A. Brazier, G.B. Appetecchi, S. Passerini, A. Šurca
Vuk, B. Orel, F. Donsanti, F. Decker, Electrochim. Acta 52
(2007) 4792-4797.
2. H. Ohno (Ed.), Electrochemical Aspects of Ionic
Liquids, Wiley-Interscience, New Yersey, 2005.
3. V. Jovanovski, B. Orel, R. Ješe, A. Šurca Vuk, G.
Mali, S. B. Hočevar, J. Grdadolnik, E. Stathatos, P. Lianos,
J. Phys. Chem. B 109 (2005) 14387-14395.
This research has received funding from the European
Community’s Seventh Framework Programme (FP7) under
grant agreement n° 200431 (INNOSHADE) and from
Slovenian Research Agency (Programme P1-0030).

34

SLONANO 2010, Ljubljana, Slovenia, 20–22 October 2010

35

SLONANO 2010, Ljubljana, Slovenia, 20–22 October 2010

SPM and PES, ex-situ XRD and also provide
evidence for a possible growth mechanism
by Monte Carlo solid-on-solid simulations.

Diffusion driven self organisation of SrRuO3
nanowires on ordered surface terminations
Bouwe Kuiper, Jeroen L. Blok, Harold
Zandvliet, Guus Rijnders, Dave H.A. Blank and
Gertjan Koster
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Complex oxides from the perovskite class
provide a unique toolset of materials to the
structure
composition
to
property
relationship in correlated electronic systems.
By using thin film deposition techniques that
allow for atomic control, one can essentially
build artificial crystal structures bottom up,
for example by the deposition of
superlattices and heterostructures, where
either A, B or both cations are periodically
varied. Examples of such experiments are
the BaCuO2/(Sr,Ca)CuO2 system, which
becomes bulk superconducting when
fabricated in superlattice form [1], and the
LaAlO3/SrTiO3, where the interfaces
between the two perovskite blocks seem to
dominate the observed electronic behavior
[2]. Both of these hetrostructures consist of
alternating sheets of material grown on a
single terminated substrate template;
typically TiO2 terminated SrTiO3, which can
be obtained through well-established
chemical etching procedures [3, 4].

Figure 1: (a) Cubic perovskite unit cell showing
alternating planes of AO and BO2 (b) A
schematic representation of an vicinal and
ordered mixed terminated surface consisting of
1/2 u.c. steps down and 3/2 u.c. steps upwards.
(c) A schematic representation of the resulting
morphology after growth of a termination
sensitive material on a mixed terminated
substrate.

In literature, there are examples of
spontaneous self-organization of deposited
material, with the starting template of the
mixed variant [5]. Here we provide a
diffusion driven model to explain the
formation of structures on ordered areas of
different surface termination [6]. An
example is a case, where lines parallel to the
vicinal steps define the regions of mixed
termination. SrRuO3 appears to grow
selectively on one termination. This growth
type results in conducting wires of tens of
nanometers wide and a few nanometers tall.
One could possibly exploit this diffusion
driven self organization to create not only
structures of layered sheets, but in fact create
more complicated heterostructures. We have
characterized these nanowires by in situ
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nanocomposites were characterized using Xray diffractometry (XRD) and transmission
electron microscopy (TEM).
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Core-shell nanocomposites of hexagonal
(SrFe12O19) and spinel (γ-Fe2O3) ferrite
nanoparticles
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Magnetic nanoparticles have attracted attention
because of their potential use in different modern
medical
applications,
including
contrast
enhancement in magnetic resonance imaging, as
the active constituents of drug-delivery
platforms, and as mediators for magnetic
hyperthermia.
For applications in magnetic hyperthermia, today
it is spinel iron oxides that are almost exclusively
used as the magnetic-core material. Though their
biocompatibility is well established, their
magnetic properties cannot be simply adjusted to
meet the demands of the application. On the
other hand, the hexagonal ferrites (SrFe12O19,
BaFe12O19) exhibit higher heating capacities,
because of their higher magneto-crystalline
anisotropy, but only when a large external AC
field is applied. One possible solution to the
problem is to use multiphase composite particles,
where the exchange coupling of the different
magnetic phases – spinel ferrite and hexaferrite –
enables an adjustment of the magnetic properties
demanded for magnetic fluid hyperthermia [1].
The aim of this study was to develop a strategy
to synthesize nanocomposite particles based on
the intergrowth of Sr hexaferrite (SrFe12O19) and
maghemite (γ-Fe2O3), thus employing their
structural similarity and an important difference
in their magnetic anisotropies, where K1(γFe2O3) = - 25 x 103 Jm-3 and K1(SrFe12O19) = 380 x 103 Jm-3. First, the Sr-hexaferrite
nanoparticles were hydrothermally synthesized
and subsequently dispersed in an aqueous
medium, using citric acid as the surfactant. The
ultrafine Sr hexaferrite nanoparticles in the form
of a stable aqueous suspension were then used as
the core material for the precipitation of iron
hydroxide/oxide in the second step. Due to the
structural similarity between the Sr hexaferrite
and the maghemite the coating was applied and
monitored first on the model core nanoparticles:
silica spheres.
Special attention was given to the control of the
nanocomposite’s structure. The synthesized
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voltage dependent topography images were
studied.

Fast LDOS mapping on single molecules
Marko Viršek1, Stefano Prato1, Marino
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A fast and sensitive method for local
density of states (LDOS) mapping is introduced
and applied to single molecules. In contrast to
studies in solid state, spectroscopy on molecules
demands fast scanning speeds. Common
methods for the LDOS mapping are current
imaging tunneling spectroscopy (CITS) and
modulation dI/dV mapping. The CITS method is
performed at relatively small scanning speeds,
which results in poor resolution due to the drift
and mechanical instability. In standard
modulation dI/dV mapping, the same output
from the I/V preamplifier is used for the
topography and the spectroscopy. In such a case,
the AC signal is low and frequency dependent
and the method lacks the sensitivity.
These experimental limitations are
avoided here by a construction of a new I/V
preamplifier, which allows fast and sensitive
LDOS mapping. The I/V preamplifier decouples
the AC from the DC component, using a highimpedance circuit, without any disturbance to
the quality of the DC signal. In this way, one
order of magnitude larger AC signal and constant
frequency dependence in the large frequency
range are achieved with our design.
The I/V preamplifier was first tested by
spectroscopy in solution, at the interface between
HOPG and TCB solvent. Scanning was
performed at 10 Hz and atomically resolved
dI/dV maps were sucesfully achived (Figure 1),
proving the good performance of our system at
high speeds. dI/dV mapping was further
perfomed on Copper Phthalocyanines molecules,
self-assembled in a TCB solution on the surface
of HOPG. LDOS maps show a high contrast at
voltages where no contrast is seen either in
topology or in current images. Self-assembled
monolayers were also prepared in UHV. The gap

Figure 1: STM images obtained in liquid at
the HOPG/TCB interface: a) topography; b)
dI/dV map; c) current; d) inverse current.

Acknowledgements: This research has
received
funding
from
the
European
Community's Seventh Framework Programme
FP7-PEOPLE-ITN-2008 under grant agreement
nº 238177 of the SUPERIOR project.

39

SLONANO 2010, Ljubljana, Slovenia, 20–22 October 2010
illumination and after its stopping were also
calculated (fig.1).
This effect may be explained by
monopolar generation of charge carriers under
UV illumination with the phonon energy less
than SnO2 band gap. The free charge carries of
one sign are practically free in the nanocrystals
meanwhile opposite charged carries are located
on the defect levels on a surface of the
nanocrystals. Such effect of space charge
separation in the samples was also observed by
Kelvin-probe method. It was shown that the
quantity and the sign of charge carries depend on
stoichiometry of the samples and ambient gases.
The observed changes of electronic
properties of SnO2 indicate on a possibility of
UV photoexcitation application as a control of
operation mode of gas sensors based on tin
oxide.

Photoexcitation of free charge carries in SnO2
nanocrystalls for sensor application.
Zhurbina I.A.1, Dittrich T2., Timoshenko V.Yu.1
1

Lomonosov Moscow State University, 119991,
Moscow, Russia
2
Helmoltz-Zentrum Berlin fur Materialen und
Energie, 14109, Berlin, Germany

Tin oxide (SnO2) has a very wide
application as a sensing element in gas sensors,
material for catalysis or a transparent coating for
optoelectronic devices. One of unquestionable
advantages of gas sensors based on tin oxide is a
wide range of detected gases and high
sensitivity. It is known that usually it is required
to use additional heating to activate sensing
properties of SnO2. In some works a possibility
to control sensing properties of metal-oxides by
using photoexcitation what can lead to working
temperature decrease was presented [1-3]. This
effect can be explained by photogeneration of
free charge carrier. Traditionally contact
methods of free carries determination are used.
But in some cases (e.g. under investigation of
porous and nanostructured materials) data
analysis can be complicated due to contact and
grain barriers impacts. An alternative method of
free carries charges determination is IR
spectroscopy [4]. In this work quantitative
investigation
of
free
charge
carries
photogeneration in polycrystalline SnOx thin
films in dependence of stoichiometry was
performed.
SnOx samples (1≤x≤2) were prepared by
magnetron sputtering of Sn in Ar atmosphere.
The obtained metallic films of 600 nm thickness
were annealed at different temperatures (Ta=3007500C) in air.
Monotonic decreasing of transmittance in
the IR spectral range was obtained at room
temperature after illumination of the samples by
UV radiation of 380 nm wavelength. This effect
was larger for the sample with x≈2 and was
persisted during dozens of minutes. Above
mentioned changes of the optical properties the
same as under heating the samples in darkness
can be explained by an increase of the free
charge carrier (electron) concentration in tin
oxide nanocrystals. The concentration of photogenerated free carriers up to 1019 cm-3 was
calculated from the IR-spectroscopy data against
to the Drude model. Moreover, changes of the
free
carrier
concentrations
under
UV
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Figure 1: Change of free charge carrier
concentration for SnOx sample with x≈ 2 (curve
1) and SnOx sample with 1.3<x<2 (curve 2) as a
function of time. The curve 3 represents
temporal shape of UV pulse.
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Among nano-particle generation techniques,
pulsed laser beam ablation in liquid
environments has been recognized as one of the
important developments that can produce
metallic, ceramic, composites and
organic nano-particles with high purity,
environmental friendly conditions and narrow
size distributions. This versatile physical
preparation method also provides size and
stability control of nanoparticles under rigorous
control of laser and process parameters,
surfactants, and nanoparticle postprocessing.
Moreover the studies on laser ablation of solids
in liquid environments have greatly been
motivated by the potential of so-called
‘‘underwater materials processing’’ such as
cleaning, drilling and welding.
This work intends to give the state of the art for
the production of nanomaterials through the
ablation of solid targets in liquids, to correlate
the phenomena with similar plasma processes
like the ignition of arc discharges and give
perspectives in the field of particles joining at the
nanoscale. Either noble metal and carbon based
nanostructures will be considered through the
presentation of a number of different case
studies.
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POLYELECTROLYTE MULTILAYER
(PEM) TEMPLATE ASSISTED
TiO2 AND COMPOSITE Ag(x)/TiO2
THIN FILM SYNTHESIS
Manca Logar, Boštjan Jančar, Sašo Šturm and
Danilo Suvorov
Jozef Stefan Institute, Jamova 39, 1000
Ljubljana, Slovenia
Nanostructured TiO2 films have recently been
the subject of intense research, due to the ability
of photon-induced charge separation, which
provides the basis for the photocatalytic
degradation properties of self-cleaning surfaces,
the operation of dye-sensitized solar cells and
chemical sensors. It has been shown that
increased charge separation efficiency in
nanostructured TiO2 is achieved with metal-TiO2
intercontact. Nanocrystalline Ag/TiO2 composite
thin films were synthesized using a two-step
synthesis methodology: the in-situ precipitation
of Ag nanoparticles followed by an in-situ solgel reaction of titanium iso-propoxide in a weakpolyion-multilayer (PEM) template formed by
the layer-by-layer (LbL) self-assembly of
Polyacryllic acid (PAA) and Polyallylamine
(PAH). Since the PEM template is assembled
from weak polyions, it contains non-ionized
carboxylic groups that are able to react with the
inorganics, resulting in the formation of a
homogeneous Ag(x)/TiO2-PEMs precursor film,
where the content of Ag (x) is controlled by
repeating the Ag loading cycle. The subsequent
annealing of the precursor yields nanostructured
Ag(x)/TiO2 films with thicknesses controlled by
the PEM template on the nanometer scale. The
as-formed Ag(x)/TiO2 composite thin films
exhibited UV–visible photo-activity. In the nearUV range the expected photo-catalytic behavior
of TiO2 is greatly enhanced as it is assisted by
the near-field amplitudes of the localized surface
plasmon resonance (LSPR) of the Ag
nanoparticles in the Ag(x)/TiO2 films.
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Polymer-Nanoclay Composites:
A Review of Recent Developments
Franci Malin1, dr. Bogdan Znoj1,prof. dr. Janvit
Golob2
1
Centralni razvoj HELIOS d.d., Količevo 2, 1230
Domžale,
2
UL, Fakulteta za kemijo in kemijsko
tehnologijo, Aškerčeva 5, 1000 Ljubljana
franci.malin@helios.si

Abstract
Polymer-nanoclay composites are a
relatively new class of materials obtained by
dispersing clay nanoparticles in a polymer
matrix. Evidences from literature suggest
that polymer-nanoclay composites are of
great interest of scientific and industrial
research because of its special physical
properties. In coating industry they can be
used to attain higher mechanical strength,
superior barrier properties, enhanced heat
resistance, higher electrical conductivity and
new bright colored pigments. Polymernanoclay coating composites can be also
used for development smart self-healing
coatings due to swell- ability of clays. This
paper in general examines last developments
of nano-clay usage in coating applications
with future concepts for industrial
applications. The main focus was given to
different concept developments for coatings
with superior anticorrosion properties.
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panel: AFM micrographs of typical undoped
(upper) and doped (lower) MoSI bundles.

Chemical and optical doping of an inorganic
polymer
C. Gadermaier, P. Toplovsek, D. Vengust, A.
Drnovsek, J. Strle, M. Strojnik, L. Stojcevska,
A. Omerzu and D. Mihailovic

∆T (arb. units)

0.2

Department of Complex Matter, Jozef Stefan
Institute, Jamova 39, 1000 Ljubljana, Slovenia
Conjugated organic polymers (CPs) have
revolutionised electronics by combining the
electronic
and
optical
properties
of
semiconductors and metals with the attractive
mechanical properties and processing advantages
of plastics. We show the remarkable behaviour
of one-dimensional inorganic molecular cluster
polymers (called MoSI after their three
constituent elements) which mimic the properties
of CPs not only mechanically and electronically,
but also in terms of fundamental physics.
Aggregation-doping in solution with Zn, Ni and
Li, electrochemical doping and self-doping with
Mo during synthesis and by high-temperature
annealing are used to prepare materials with
different
behaviours
ranging
from
a
semiconductor, with a band gap of around 1.5 eV
in single molecular wires, to metallic onedimensional quantum fluids behaviour. The
room temperature conductivity accordingly
increases from 10-6 S/m to > 104 S/m. Optical
spectroscopy reveals systematic and reversible
changes in the electronic structure upon doping,
with the appearance of intragap states in doped
wire bundles. Transient changes of matching
spectral
shape
are
observed
upon
photoexcitation, indicating that the same intragap
states are populated by chemical doping and
photoexcitation.
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doped - undoped
excited - equilibrium

-0.2
1.2

1.4

1.6

1.8

2.0

2.2

2.4

energy (eV)

Figure 2: Change in optical transmission due
to doping (black) and photoexcitation (red).

Figure 1: Left panel: Optical transmission
spectra of doped and undoped MoSI. Right
46

SLONANO 2010, Ljubljana, Slovenia, 20–22 October 2010

47

SLONANO 2010, Ljubljana, Slovenia, 20–22 October 2010
References: K. Clark, A. Hassanien, S.

Nanoscale Superconductivity in
(BETS)2GaCl4 Molecular chains

Khan, K.-F. Braun, H. Tanaka and S.-W.
Hla, "Superconductivity in just four pairs of
(BETS)2GaCl4
molecules",Nature
Nanotechnology 5 (2010) 261.

K. Clark, A. Hassanien, S. Khan, K.-F. Braun,
H. Tanaka and S.-W. Hla

Ohio University, USA
Nanosystem Research Institute, AIST, Japan
National Institute of Chemistry, Slovenia
Physikalisch Technische Bundesanstalt,
38116 Braunschweig, Germany
Since its discovery, superconductivity proves to
be one of the most intriguing phenomena in
condensed matter physics. The BSC theory has
provided a general framework for understanding
its microscopic origin, however with the
emergence of new material, especially high Tc
and organic superconductors, several theories
have been proposed to provide microscopic
paring mechanisms and thereby elucidating the
macroscopic properties. In order to unravel
details on the mechanism and test theories one
needs to investigate the local nanoscale
properties on clean systems. For this purpose we
have used single crystal of (BETS)2GaCl4, where
BETS is(ethylenedithio)tetraselenafulvalene, as
source materials for engineering sub-monolayers
and chain like structure on Ag(111) surface. In
bulk (BETS)2GaCl4 has a superconducting
transition temperature Tc of ~8 K and a twodimensional layered structure that is reminiscent
of the high-Tc cuprate superconductor. We
present low temperature scanning tunneling
microscopy and spectroscopy to study directly
the nanoscale electronic properties of
(BETS)2GaCl4. We show that superconductivity
still robust down to a single layer islands
andchain like structures. A single chain of
(BETS)2GaCl4
molecules
displays
a
superconducting gap that increases exponentially
with the length of the chain. Moreover, we show
that a superconducting gap can still be detected
for just four of (BETS)2GaCl4 molecules. Realspace spectroscopic images directly visualize the
chains of BETS molecules as the origin of the
superconductivity. These findings not only pave
the way to study nanoscale superconductivity on
other nanosystems, especially high Tc cuprates,
but also to investigate paring mechanism versus
structural
parameters
and
molecular
manipulations.

Figure
1:
Size-dependent
molecular
superconductivity in (BETS)2GaCl4 chains as a
function of molecular units. A small
superconducting gap can still be detected in
chain that contain just four (BETS)2GaCl4
molecules.
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Hybrid inorganic-organic spin
electronics
Wilfred G. van der Wiel

MESA+ Institute for Nanotechnology,
University of Twente

[3]

P.O. Box 217, 7500 AE Enschede, The Netherlands
E-mail: W.G.vanderWiel@utwente.nl

The International Technological Roadmap
for Semiconductors (ITRS) predicts that the
exponential (Moore’s Law) development of
silicon integrated circuits will continue at
least for the coming decade, reaching 10 nm
feature sizes. What will happen beyond the
10 nm horizon is an open and very intriguing
question. However, it is very likely that it
will become necessary to move to alternative
electron device concepts in order to push
Moore’s Law any further. One of the
solutions may be a development towards
hybrid electronics.

http://www.utwente.nl/ewi/ne/

Here I will give an overview of our activities
in the field of hybrid spin electronics [1]. In
particular, I will discuss our efforts to realize
spin injection from ferromagnetic contacts
into organic semiconductors [2] and carbonbased materials [3]. In the coming years
bottom-up fabrication techniques and selfassembly are expected to become more
important in nanoelectronic devices. Some
of our activities in that direction will be
discussed as well.
This work is financially supported by the
Netherlands Technology Foundation STW
and the European Research Council (ERC).
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Triple Coupled Cantilever Systems
Hossein Pakdast*a and Marco Lazzarinoa
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CNR-IOM Laboratorio TASC, Area Science
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Resonating
microsensors
and
resonant
cantilevers in particular have been proposed as
very sensitive tools for mass detection with
sensitivity down to single molecule level [1].
Many investigations have been done of resonant
microstructures in many different fields, but very
little has been proposed in the direction of a
higher degree of complexity; A. Qazi et al.
demonstrated a driver-follower geometry for
molecular detection [2]; M. Spletzer et al.
proposed the use of coupled cantilevers for mode
localization derived mass detection [3]; E. GilSantos et al. focused on the influence of
actuation strategy on the mode localization [4].
The last two papers describe how the coupling of
two
identical
and
frequency-degenerate
cantilevers induces a mode splitting. The

symmetry of the system breaks by adding
mass and then induces mode localization
with variation of the oscillation amplitude.
However, since both cantilevers have finite
amplitude in both modes before and after mass
adsorption, the relative variation remains small.
Here we describe a substantial improvement of
this approach by three coupling identical
cantilevers (TCC). The threefold degeneracy is
split by the interaction and three modes are
generated. In the second mode, in particular the
central cantilever does not move if the system is
perfectly symmetric (see fig. 1a), while it has
finite amplitude upon mass addition.
Finite element analysis simulation has been
performed using a commercial software
(COMSOL Multiphysics). Dynamic meshing has
been used in order to fully maintain the
symmetry of the system. The ratio of the
oscillation amplitudes measured on the central
and on a lateral cantilever has been calculated as
a function of added mass on the third cantilever.
The results are plotted in (see fig. 1b). It is worth
to stress here that amplitudes can be easily
increased by tuning the excitation signal until the
external cantilever enters the non-linear regime.

amplitude of 5µm, which is well below the onset
of nonlinear effects, results an amplitude for the
central cantilever of 5nm which is detectable by
optical techniques. Considering the dimensions
of the devices, the sensitivity ∆m/m = 5x10-5
compares well with the single molecule
sensitivity reported in ref. [1] but, in contrast
with ref. [1] it is not affected by the
environmental condition. TCC cantilever
systems were fabricated on Si3N4 suspended
membrane realize using KOH-etch back-release
technique (see fig. 2a). Measurements show that
the amplitude of oscillation of the central
cantilever in the second mode is negligible and
an amplitude ratio better that 200 can be
routinely obtained (see fig. 2b). Using these
devices, preliminary results indicated that a mass
down to 1pg can be detected.
In conclusion, a new alternative method to detect
particles is presented with mass sensitivity in the
pg range and it is less influence by the Q factor.
[1] B. Ilic et. al. Enumeration of DNA Molecules
Bound a Nanomechanical Oscillator. Nano
Letters 5 925 (2005)
[2] A. Qazi et al. Asymmetrical twin cantilevers
for single molecule detection. Appl. Phys. Lett.
90 173118 (2007)
[3] M. Spletzer et al. Ultrasensitive mass sensing
using mode localization in coupled
Microcantilevers. Appl. Phys. Lett. 88, 254102
(2006)
[4] E. Gil-Santos et al. Mass Sensing Based on
Deterministic and Stochastic Responses of
Elastically Coupled Nanocantilevers. Nano
(a)Letters (2009)
(b)

Figure 1: (a) Finite element analysis of the second
oscillation mode of the TCC device. (b) Plot of the
oscillation of the ratio amplitude function.

(a)

(b)

Figure 2: (a) SEM image of a TCC. (b) The left peaks are
relative to the first oscillation mode, measured on one
lateral cantilever (gray and black curves) and on the central
cantilever (red curve): the intensity has been normalized to
1 in both cases.

From the simulation we observed that an added
mass of 400fg produces an amplitude ratio of 103
. By actuating the external cantilever to an
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Localized sub-gap states in quantum dots and
magnetic impurities coupled to
superconductors
Rok Žitko
Institut Jožef Stefan
Magnetic impurity in a superconductor induces
localized sub-gap excited states which can be
directly observed using the scanning tunneling
spectroscopy if the impurity is adsorbed on the
sample surface. Due to the enhanced spin-orbit
coupling on surfaces, the magnetic impurity
experiences strong magnetic anisotropy effects
which is predicted to lead to the splitting of the
sub-gap excited states [1]. By furthermore
inducing the Zeeman splitting of such states
using an external magnetic field, one could
extract the parameters which characterize the
impurity, such as the impurity spin, longitudinal
and transverse magnetic anisotropy, and the g
factor [1]. If two magnetic impurities are in close
proximity, the exchange interaction will affect
the sub-gap spectrum and there will be quantum
phase transitions (level-crossings) when an
excited sub-gap becomes the new ground state
and vice versa. Similar effects occur in double
quantum dots coupled to superconducting leads,
where one can study in a controlled setting the
competition between the Kondo screening,
superconducting correlation, and the magnetic
alignment of localized spins due to the exchange
coupling. When all three energy scales are
similar, we predict that the current-phase relation
of the system has an unexpected transition from
0 to π-junction behaviour which would affect the
Josephson current through the dots [2].
References:
[1] Magnetic anisotropy effects on quantum
impurities in superconducting host, Rok Zitko,
Oliver Bodensiek, Thomas Pruschke, condmat:1008.1734
[2] Josephson current in strongly correlated
double quantum dots, Rok Zitko, Minchul Lee,
Rosa Lopez, Ramon Aguado, Mahn-Soo Choi,
Phys. Rev. Lett 105, 116803 (2010)
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optimized by a controlled tip-sample
interaction. A high-purity Cu(111) single-

Pinning of adsorbed cobalt atoms by the
defects embedded into the copper (111)
surface

crystal substrate was cleaned in-situ by a
thorough procedure of Ar+ ion sputtering and
annealing cycles. Submonolayer amounts of Co
atoms were deposited in-situ onto cooled Cu
surfaces from a heated Co wire. The dI/dV(V)
signal was obtained by means of the lock-in
techique. The DFT calculations were done using
PWSCF code with a plane-wave basis set,
ultrasoft pseudopotential, and GGA exchangecorrelation functional.

Erik Zupanič1, Rok Žitko1,2, Herman J.P. van
Midden1, Igor Muševič1,2, Albert Prodan1
1

J. Stefan Institute, Jamova 39, SI-1000
Ljubljana
2
Faculty of Mathematics and Physics, University
of Ljubljana, Jadranska 19, SI-1000 Ljubljana,
Slovenia

References: 1 E.Zupanič, R. Žitko, H. J. P.
van Midden, I. Muševič, A. Prodan, Phys. Rev.
Lett. 104, 196102 (2010).

Different semiconductor and metal surfaces are
intensively studied nowadays because of their
importance as substrates in single-atom and
single-molecule surface manipulation and
restructuring experiments. Low-temperature
scanning tunneling microscopy (LT-STM) has
opened up the possibility to assemble and to
probe different nanostructures with high spatial
and energy resolution. In spite of the enormous
progress in this field, thermal stabilization of
artificially assembled nanostructures remains a
salient open problem.

Figure 1: Lateral manipulation of a Co
adatom reveals an embedded defect (marked by
*) at the pinning center. Above 8 K, the position
of a depinned Co adatom is unstable and the
atom appears blurred. The distance between the
two discernible adsorbate positions corresponds
to the distance between two fcc binding sites
(0.26 ± 0.04 nm).

We present a LT-STM observation of
surprisingly stable Co adatoms on the Cu (111)
surface [1]. Whereas most of the Co adatoms
start diffusing already above 8 K, a small
number of them remains pinned up to 12.7 K. It
is shown that these adatoms are positionally
stabilized by naturally occurring impurities
embedded in the underlying Cu surface. On basis
of the performed density-functional-theory
(DFT) calculations and controlled deposition of
dopants the defects were undoubtedly identified
as substitution Ag atoms. These impurities are
hardly observable in the STM images as they
have low apparent height and produce no
standing-wave patterns of surface-state electrons.
They do not affect the exchange coupling of the
magnetic adsorbate with the substrate electrons,
thus the Kondo resonances measured on pinned
and free Co adatoms show no detectable
differences. The structure of pinned Co pairs and
the temperature-dependent diffusion of Co
adsorbates have also been studied. The proven
pinning of Co adatoms opens new exciting
possibilities to construct artificial atomic
structures stable at elevated temperatures.
The experiments presented were performed with
a Besocke type UHV LT-STM operated at 7K.
An electrochemically etched W wire was used as
the STM tip and the final tip condition was
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microelectrodes of sub-micrometer spacing if
they are coated with a metal layer followed by a
photoresist lift-off.

Fabrication of Microstructures with Submicrometer Element Spacing Using Laser
Direct Imaging UV Maskless Lithography
B. Kavčič1, D. Babić2, I. Poberaj2, B. Podobnik1
1

LPKF Laser & Elektronika d.o.o., Polica 33, SI4202 Naklo, Slovenia
2
Faculty of Mathematics and Physics, Jadranska
19, SI-1000 Ljubljana, Slovenia
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In many experimental science branches such as
microfluidics one deals with micro-scale systems
fabrication, for which it is important to have a
means for rapid prototyping of such devices.
Instead of conventional UV photolithography
method that uses a mask and a light source to
pattern the thin photoresist layer, we use laser
direct imaging (LDI) technique which omits
masks and exposes the resist directly by fast and
precise scanning of a focused laser beam. Our
LDI system uses a 375 nm UV laser and a twodimensional acousto-optic deflector for beam
scanning, which enables patterning of common iline photoresists directly, with minimum feature
size of around 1 μm and with sub-nanometer
beam
positioning
resolution
(sample
microstructure in Figure 1). The system for beam
positioning has been adapted from a proved
technology [1] known in laser tweezers systems
[2], where precise laser beam control is crucial
for many experiments. Despite limitations of
minimum feature size due to laser spot diameter
of 1 μm, precise beam positioning and non-linear
photoresist response make it is possible to
fabricate smaller spacings between different
elements of a microstructure. It has been shown
previously that using the same LDI technology
in a two-step process it is possible to fabricate a
ring micro-resonator with 200 nm gap between
the waveguide and the ring [3]. We show on the
other hand that sub-micrometer bridges can be
made in a single-step process. We used a thin
600 nm layer of AZ positive photoresist to
fabricate a straight waveguide-like structure with
a circular structure in close proximity (see Figure
2). The pattern was structured into the resist as a
raster image of 250 nm or 120 nm step size. First
measurements show that spacing of around 300
to 400 nm between these two elements is
possible, whereas even smaller values could be
achieved only by over-etching. By optimizing
exposure and development parameters as well as
decreasing the laser beam step size during
exposure it should be possible to achieve even
smaller spacing between the elements. Such
structures can for example be used as

Figures:

Figure 1: SEM micrograph of a sample SU-8
microstructure (thickness 6 µm) on glass
substrate. The pattern was illuminated as a raster
image with 250 nm spot spacing at 100 kHz.
Total exposure time was 1 second. Scale bars
correspond to 10 µm.

Figure 2: AFM micrograph of an AZ
photoresist structure (lighter color) of 600 nm
thickness on glass substrate (darker). The
photoresist section between the circular and
straight elements is 500 nm wide.
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NANOPARTICLES FOR DNA, PROTEIN
AND CELL SENSORS
Arben Merkoçi
ICREA & Institut Català de Nanotecnologia,
CIN2 (ICN-CSIC), Bellaterra, Spain
E-mail: arben.merkoci.icn@uab.es
The need for nucleic acid and protein based
diagnostic tests has increased enormously in the
last few years and the design of nanoparticles
with special optical and electrochemical
properties is bringing significant advantages in
several fields being diagnostic one of the most
important. In this context biosensor technology
represents an interesting alternative for the
development of efficient, fast, low-cost and userfriendly diagnostic devices. Between different
biosensing alternatives the nanotechnology and
nanomaterial oriented biosensors represent a
very attractive tool for clinical applications.

Figure 1: Schematic (not in scale) of some of
the optical and electrical detection alternatives
that are being used for DNA, proteins and cells
analysis thanks to the use of nanoparticles. SPR:
surface plasmon resonance; ICP-MS: Inductively
coupled plasma mass spectroscopy. Adapted
from, A.Merkoçi, Biosensors & Bioelectronics,
2010 (in print; published in the web)

DNA, protein and even cell detections
methodologies with interest for diagnostics and
based on nonoparticles will be described. The
developed devices are based on the use of special
platforms which allows their future applications
and extension in diagnostic. In addition the
nanoparticle based biosensors are being offered
as excellent screening alternatives to sophisticate
and high cost equipments that require well
prepared professionals for their use, including
data treatment, prior obtaining of final results
with interest for diagnostic and treatment.
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detection region integrated directly into its
channel structure. We will also present new
results from our microchannel with deposited
nanostructure and micro column HPLC
deposited separated rhodamines ( B and 6G)
directly into a channel. There were detected both
separated model compounds by SERS.

Integration of Multifunctional
Nanostructured Surface into Analytical Chip
Andrej Oriňák, Lenka Škantárová,Renáta
Oriňáková, Andrea Fedorková, Zuzana
Nováková, Mária Filkusová, Peter Bober
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Functionality of silver nanostructured films were
tested by use of Raman spectroscopy (SERS)
and secondary ion mass spectrometry (TOF
SIMS). Analytical signal enhancing function,
separation function, pre-ionisation function in
mass spectrometry (MS) were monitored. Silver
nanostructured films were prepared by
modulated electrodeposition. High signal
enhancement was obtained in SERS for silver
surfaces prepared at 850 mV deposition
potential. Tested analyte was Rhodamine 6G.
Enhancement established was 10*6. In SIMS
measurements the best results were obtained at
more smooth silver surfaces and signal
enhancement was at about 10*3. Some preionization effect has been observed in SIMS
analyse. Different fragmentation schemes were
declared for Rhodamine 6g. No separation
function was not found out these surfaces. All
prepared multifunctional nanostructured surfaces
were used to prepare self assembled monolayers.
This method showed unhomogenities directly at
surfaces formed during electrodeposition.
By this way prepared silver functional surfaces
represent nanodevice that can be implemented
into analytical chip or sensor. The best solution
looks to be to deposit silver layer directly onto
polymer
( conductive) in which microfluidistic channels
can be constructed. There are promising
processes how to prepare microfluidic platforms
and fabricate tridemnsional system by multilayer
methodology that after a sinterizing procedure
shows a hermetic sealing of the microchannels
(1). Well known is also preparation of novel
ceramic microfluidic devices for the continuous
flow synthesis and functionalization of metallic
nanoparticles based on low-temperature co.fired
ceramics (LTCC) (1)
We try to deposit silver multifunctional surface
directly onto polydimetylsiloxane (PDMS). The
microchannels were then prepared by methods
known from previous references (2). The
development of a µfluidic device with a SERS
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chips and 3) Epon 1002F [3], an epoxy resin
similar to SU-8, but with superior optical
characteristics. The effect of nanostructuring on
both the immobilization capacity and chip
performance was studied using a binding
inhibition assay for C-reactive protein, thereby
focusing on the interaction between the protein
and the nanostructured surface, especially the
effect of print buffer additives on surface
wettability and chip performance. Brightest
signals were obtained in printing solutions
containing 0.1% PEG and 0.1% MCT. On
average, these signals are about three times
enhanced compared with the non structured
chips. Best chip performance was achieved on
EPONTM 1002F nanostructured surfaces.
Fluorescence signals were two times higher than
on SU-8 2000.5 nanostructured and 8 times
higher than on Epikote 157TM nanostructured
surfaces. Though contact angle is altered upon
nanostructuring wettability is most probably not
a major aspect in protein immobilization on
nanostructured surfaces.

Nanostructures in protein chips: effect of
print buffer additive and wettability on
immobilization and assay performance
Claudia Preininger1, Ursula Sauer1, Mustapha
Chouiki2, Rainer Schöftner2
1

AIT Austrian Institute of Technology GmbH,
Health & Environment / Bioresources, 2444
Seibersdorf, Austria
2
Profactor GmbH, Steyr-Gleink, 4407, Austria
The major advantage of biochips over
conventional biological techniques is the highly
parallel, addressable, miniaturized array format
which allows simultaneous detection of different
targets, virtual automation and functional
integration for high throughput screening.. In
order to facilitate widespread use of the biochip
as an analytical tool, certain technical hurdles,
such as insufficient sensitivity still have to be
overcome.
Thus, one of the major challenges to further
developing biochip technology is to strengthen
the signals produced by probe-target interaction,
especially in cases of low probe and target
concentrations.
Several approaches have been reported for
achieving stronger signals and lower detection
limits, including such based on more sensitive
detection methods (e.g. evanescent wave
technology), alternative labels (e.g. quantum
dots), and novel surface chemistries. Among the
available chip surfaces especially threedimensional surfaces such as hydrogels and
dendrimers promise high loading capacity and
improved accessibility of targets.
Herein we follow a completely different and new
approach: we use thermal nanoimprint
lithography (thermal NIL) to nanostructure the
chip surface to increase surface roughness and as
a
result significantly enhance protein
immobilization capacity which has direct impact
on the assay performance and subsequently the
fluorescence signal.
For fabrication of nanostructured chips we use
epoxy-functional materials as they are readily
available and are able to bind proteins. Three
epoxy resins were tested: 1) the negative
photoresist SU-8 2000.5 [1] which is a well
accepted and characterized material of highaspect-ratio in (bio)MEMS and lab-on-chip
systems, 2) SU-8 Epikote 157 [2] which is pure
SU-8 without any photoinitiator and actually
used as coating material for oligo- and protein
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Figure 1: Topographic contact mode AFM
image of structured SU8 2000.5 partly covered
with 0.5 mg/mL CRP in 1x PBS/ 0.1 % PEG
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In our experiments TiO2 was used as a model
system for the preparation of printable inks from
micron-sized particles. The benefits of TiO2 are
that is this is relatively simple system and the
structures prepared from this material can be
used in applications such as photovoltaics or
self-cleaning surfaces. First aqueous suspensions
were made form TiO2 powder. The particles
were electrostatically stabilized with the
adjustment of the pH of the suspension. The
particles were milled in a colloidal mill to the
average size of 150 nm. The viscosity of the
suspensions was increased with increasing the
solid load and with the addition of glycerol,
which was also used as drying agent to supers
drying of the suspension. The surface tension
was lowered with the addition of surfactants to
the suspensions. All the parameters were
optimized to ensure quality drop formation in the
printer, which is crucial to increase quality and
reproducibility of the printed structures.
Printable ink containing TiO2 nanoparticles was
prepared. Furthermore patterns of TiO2
nanoparticles were successfully printed on the
substrate SiOx/Si with the good accuracy and
reproducibility (Figure 1).

Ink-jet Printing of Aqueous Suspensions
Containing TiO2 Nanoparticles
Gregor Trefalt, Danjela Kuščer, Gaj Stavber,
Marija Kosec
Jožef Stefan Institute, Jamova 39, Ljubljana,
Slovenia
Ink-jet printing is a versatile method for
preparation of 2D and 3D structures of
functional materials on various substrates. One
of the main advantages of this method is the
possibility to print practically any material from
inorganic, organic, polymer to biological
materials. Depending on the application the
materials can be printed on ceramic, silicon,
polymer or even textile substrates. Furthermore
the design of the printed structures is made
directly on the computer in contrast to the screen
printing technique where every structure needs
different template. Therefore inkjet printing
technology found its use in a lot of different
applications. It is used for organic thin film
transistors, light-emitting diodes, solar cells,
conductive structures, memory devices, sensors,
and biological/pharmaceutical applications [1, 2,
3].

References:
[1] Singh, M.; Haverinen, H. M.; Dhagat, P.;
Jabbour, G. E.; Adv. Mater. 2010, 22, 673-685.

The main challenge in the field of ink-jet
printing of materials is to prepare printable inks
containing functional materials that would
enable reproducible results. The main parameters
that have to be controlled to make ink printable
are the viscosity and surface tension of the ink
and the size of the particles in the ink. To
prevent clogging of the nozzles the particles
have to be 50 to 100 times smaller than nozzle
diameter. As typical sizes of the nozzles are in
the range from 20 to 50 μm this implies that the
particles in the ink should be in general smaller
than 500 nm.

[2] Calvert, P.; Chem. Mater. 2001, 13, 3299–
3305.
[3] Tekin, E.; Smith, P. J.; Schubert, U. S.; Soft
Matter 2008, 4, 703–713.

Our research was focused on preparing
suspensions of solid particles of functional
materials that are suitable for ink-jet printing
technique. Complex inorganic materials are
usually prepared via solid-state synthesis, the
sizes of such particles are usually to large for the
use in the ink or they are agglomerated. The first
step is therefore to reduce the particle size, than
from these particles stable suspensions are
prepared.

Figure 1: Pattern of printed dots of TiO2
nanoparticles on SiOx/Si substrate. The single
dot has a diameter of 40 μm.
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Control of interlayer magnetic interaction at
the atomic scale in oxide heterostructures
Christos Panagopoulos1,2
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In heterostructures composed of different
transition metal oxides, the disruption introduced
even by an ideal interface leads to a range of
exotic
phenomena,
including
interfacial
conduction, magnetism, and superconductivity.
Epitaxial heterostructures promise exciting
applications, including a novel field effect
transistor and yet unexplored spintronic devices.
For the latter, at least one of the materials
comprising the structure has to be magnetic. It is
known that when put into contact with
ferromagnetic (FM) SrRuO3, the interface layer
of antiferromagnetic (AF) manganite SrMnO3
becomes FM. Here, by systematically varying
the composition of the AF layer and the substrate
material, we discover that both the strength and
the direction of the interfacial magnetism can be
controlled over a broad range. We anticipate that
this high degree of tunability will lead to the
design of structures and devices with magnetic
and mechano-magnetic properties controllable at
the atomic monolayer level.
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Size and quantum effects in InN nanodomains.
Evangelia Sarantopoulou, Zoe Kollia
Theoretical and Physical Chemistry InstituteNational Hellenic Research Foundation
48 Vassileos Constantinou Aven. 11635
Athens Greece
Charge memory effects and hysterisis loops of
I-V curves in InN semiconductive nanodomains [1, 2] are observed by using
conductive atomic force microscopy (C-AFM),
Fig.1. The memory effects originate from large
accretion of surface charges either at the
interface between the crystal and the
amorphous phase of InN, or from reflected
Bloch wavefunctions at the surface of single
InN nano-crystalline domains. The surface
electrons were confined within a 0.3 nm thin
surface layer from the interface and their
concentration is linearly depended on the
surface bias voltage. The I-V curves indicate a
typical thermionic emission Schottky diode
metal-dielectric contact response and the breakdown voltage depends on the size of the
nanocrystal. The InN nano-crystals are
synthesized by laser ablation from a solid
indium target in nitrogen at room temperature
and the nano-crystals are deposited on Ta
substrate in the form of a film. The thin film
mainly consists of densely packed 4-20 nm InN
nano-domains.

Fig. 1. C-AFM image of InN (up). The size of the InN
nano-crystal is 13 nm (down).
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The goal was to track the correlation between the
chemical compositions of the KTaO3 powder
prepared by solid state synthesis from a
stoichiometric mixture of K2CO3 and Ta2O5 at
800⁰C, and KTaO3 ceramic processed from the
latter powder by hot pressing at 1250⁰C.
The calcined powder and hot-pressed ceramic
specimens were examined for the compositional
homogeneity. Both specimens exhibited the
compositional deviations of up to ±5 at% relative
to the nominal composition into both K- and Tarich sides. Such deviations were detected not
only among the nanoscaled powder particles and
ceramic grains, but also within (see Fig. 1).
It was shown that the chemical heterogeneity
observed in the initial calcined powder specimen
has been retained throughout the sintering
process. This degraded the dielectric properties
of the final ceramic. The latter could only be
improved after the processing of the precursor
powder has been optimized.

KTaO3 ceramic: Nanoscale Compositional
Analysis as an Assisting Tool in
Improving the Dielectric Properties
Elena Tchernychova,1,2 Sebastjan Glinšek,3
Barbara Malič, 3 Marija Kosec 3
Center of Excellence SPACE-SI, Aškerčeva 12,
1000 Ljubljana, Slovenia
2
Center of Excellence NAMASTE, Jamova cesta
39, 1000 Ljubljana, Slovenia
3
Electronic Ceramics Department, Jožef Stefan
Institute, Jamova Cesta 39, 1000 Ljubljana,
Slovenia
1

KTaO3 belongs to the group of incipient
ferroelectrics and is an end member of alkali
niobate-tantalate based lead-free ferroelectrics.
With its continuously increasing dielectric
permittivity with decreasing temperature, it
shows the potential for the applications in the
microwave components at cryogenic operating
temperatures [1], while its specific electronic
band structure makes it a good candidate for
photocatalytic applications [2].
In the majority of the reported studies, the phase
composition of the processed ceramic is usually
determined from the X-Ray diffraction (XRD)
patterns as well as from the compositionsensitive scanning electron microscope (SEM)
images obtained with back-scattered (BE)
electrons. However, the dielectric properties of
KTaO3 are very sensitive to the presence of
secondary phases which are formed due to the K
loss [3,4], and point defects related to the
presence of either A- or B-site dopant, or O
vacancies [5]. Nevertheless, no compositionsensitive microanalysis of KTaO3 in either SEM
or transmission electron microscope (TEM) that
would reveal the accurate composition of the
material at different synthesis stages has ever
been performed.
Starting with the XRD analysis at the microscale, which has shown the presence of only
perovskite phase in both the precursor KTaO3
powder and the final hot-pressed ceramic, we
have performed a detailed nano-scale
compositional analysis. A combination of two
analytical spectroscopic methods of transmission
electron microscopy (TEM) was employed: the
energy-dispersive X-ray and the electron energyloss spectroscopy (EDXS and EELS,
respectively). Special attention was paid to the
determination of the safe acquisition parameters,
which is essential due to the presence of the
volatile potassium compound.
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Figure 1: TEM micrograph of the K-rich
large grain in KTaO3 ceramic and Ta-rich
adjacent grains with corresponding averaged
composition. The areas marked with X and
O represent the EDXS measurement points.
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particles were dried and re-dispersed in ethanol
or 1-buthanol, to study the effect of the solvent
on the adsorption/desorption of DBSA. The
formation of a double DBSA layer on the
particles’ surfaces was confirmed with the zetapotential measurements and with the IR
spectroscopy of the dried powder. These
individually dispersed particles have a high zetapotential of around 100 mV and the adsorption
of the DBSA was observed as the blue shift of
the Fe-O band vibrations only when the
hydrothermally prepared particles were used.
The magnetic attraction in the BaF suspensions
was successfully overcome and the individually
dispersed magnetic particles were observed with
a transmission electron microscope. The most
stable suspension was obtained from the powder
with the smallest particles (5-20 nm), due to the
lowest magnetic attraction.

Adsorption of dodecylbenzene sulphonic acid
onto barium hexaferrite particles for the
preparation of magnetic suspensions
Simona Ovtar1, Darja Lisjak1, Miha Drofenik1,2
1

Department of Material Synthesis, Jožef
Stefan Institute, 1000 Ljubljana, Slovenia
2
Faculty for Chemistry and Chemical
Engineering, University of Maribor, 2000
Maribor, Slovenia
Barium hexaferrite (BaFe12O19, BaF) is a
hard magnetic material, which means an
agglomeration of magnetic particles occurs
instantaneously in suspensions. However, this
magnetic attraction can be reduced by decreasing
the particles’ sizes and with the adsorption of a
surfactant bilayer onto the particles’ surfaces.
For this reason the particles must be prepared
using a wet method. The only suitable method
for the preparation of BaF is a hydrothermal
synthesis (HS). These particles can then be used
for the preparation of a stable suspension with
the adsorption of the surfactant bilayer onto the
particles’ surfaces. In this case the stability of the
magnetic suspension is a consequence of the
electrostatic and steric repulsions. The
adsorption of a surfactant onto the particles’
surfaces can be evaluated from a measurement of
the suspension’s zeta-potential and from infrared
(IR) spectroscopy of the powder. Due to the
surfactant’s adsorption the vibration of surface
groups changes, and this results in a shift of the
band. The blue-shift magnitude depends on the
particles’ sizes. In the case of few-nanometresized particles the ratio between the surface and
inner atoms is very large and the surfactant
adsorption strongly influences the main band
vibrations in the IR spectrum.
Magnetic suspensions from a commercial BaF
(platelets with diameters of 10-130 nm),
hydrothermally prepared BaF particles at 160°C
(platelets with diameters of 5-20 nm),
hydrothermally BaF particles coated with a
bismuth phase and hydrothermally prepared BaF
particles at 220°C (platelets with diameters of
40-300 nm) were prepared with the adsorption of
the surfactant dodecylbenzensulphonic acid
(DBSA). The different additives (acetic acid,
bismuth acetate) were introduced during the
adsorption of the DBSA and their effect on the
adsorption and the stability of suspension was
studied. At first the surfactant layer was formed
in an acidic aqueous medium, as confirmed by
the flocculation of the particles. After that, the
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long wires (Fig. 2). Interestingly, the adenine base
present in the middle of sequence induces a much
better G-quadruplex formation and G-wire growth
than the thymine base [1].

AFM study of G-wire formation on mica
substrates
T. Troha1,2, L. Spindler1,3, I. Drevenšek-Olenik1,2,
N. Ma’ani Hessari 4, M. Webba da Silva4
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Guanine-rich nucleic acid sequences are able to
form four-stranded structures
termed
Gquadruplexes. They consist of an arrangement of
four guanine bases stabilized by hydrogen bonding
(G-tetrad) which stack on each other to form an Gquadruplex structure. These structures are
interesting because of their biological role, they
were found in human telomeres that are responsible
for cell transcription and translation. Besides that,
G-quadruplex structures are useful for many
nanotechnological applications. It has been
discovered that surface deposited G-rich DNA
oligonucleotides spontaneously assemble into long
wire-like structures in the presence of monovalent
cations.

500 nm

Figure 1: Sequence GCGGAGG deposited on mica
washed with Mg2+ ions. A network of nanowires is
observed. The wires are approximately 2.2 nm
high.

We study self-aggregation of different guaninerich DNA sequences on surface. Our main aim is to
prepare stable and reproducible G-wires and control
their dimensions. The substrates used were either
freshly cleaved mica or mica covered with thin
layer of Mg2+ ions to stimulate anchoring of Gquadruplexes. On these substrates the solution of
different G-rich sequences is deposited. Atomic
Force Microscopy (AFM) measurements were
performed to analyze the obtained surface
structures.

500 nm

Figure 2: Sequence GCGGTGG deposited on mica
treated with Mg2+ ions. Only few wires with a
height of 1.4 nm are observed.

Here we present a study on surface assembly of
two G-rich oligonucleotides: GCGGAGG and
GCGGTGG. AFM gives evidence of very diverse
surface architectures of different dimensions. While
on untreated mica GCGGAGG forms G-wires with
the height of about 1.8 nm and 100 nm long,
GCGGTGG gives large bumps up to 10 nm height
and with different diameters. The exchange of
native mica surface K+ ions with Mg2+ ions
stimulates the formation of G-wires for both
sequences. GCGGAGG forms an extensive mesh of
G-wires (Fig. 1) while GCGGTGG forms a few
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and carbohydrates. NVs were isolated by repeated
centrifugation and washing as described in [4] at 37
o
C. NVs were counted by a flow cytometer. Blood
cholesterol and glucose were determined by
enzymatic colorimetric assays.

Post-prandial increase of number of
nanovesicles - additional pool of blood
cholesterol
Roman Štukelj, Vid Šuštar, Apolonija Bedina
Zavec, Rado Janša, Vid Janša, Petra Sušanj, Peter
Veranič, Veronika Kralj-Iglič

In the population of 26 donors with no record of a
disease, the average number of NVs increased postprandially for 50%, the increase was statistically
significant (p=0.006) with the power P=0.82, while
the average total cholesterol, low density lipoprotein
cholesterol (LDL-C) and high density lipoprotein
cholesterol (HDL-C) remained within 5% of the
fasting value. We found a 8% increase in
triglycerides (p=0.31) and a 6% decrease in blood
glucose (p=0.005, P=0,86).
The post-prandial
number of NVs negatively correlated with postfasting total cholesterol and post-fasting LDL-C (r=0.43 and -0.40, respectively, p=0.05 and 0.03,
respectively) while post-fasting triglycerides
positively correlated with post-prandial total
cholesterol and with post-prandial LDL-C, and
negatively correlated with post-prandial HDL-C (r =
0.52, 0.47 and -0.57, respectively, p = 0.01, 0.02 and
< 0.01, respectively).

Laboratory of Clinical Biophysics, Faculty of
Medicine, University of Ljubljana, Laboratory of
Biosynthesis and Biotransformation, National
Institute of Chemistry, Ljubljana, Department of
Gastroenterology, University Medical Center
Ljubljana, Institute of Cell Biology, Faculty of
Medicine, University of Ljubljana, Slovenia
Nanovesicles (NVs) are submicron-sized fragments
of cell interior, created in the final stage of the
complex process of membrane budding. Then, the
buds are pinched off the cell membrane and become
free to move with fluids in the body. It was found
that NVs contain biologically important molecules
such as nucleic acids and plasma and membrane
proteins which reflect the composition of the mother
cell. NVs can interact with distal cells where these
molecules become active. They can contain
organelles and viruses and are involved in spreading
of infection, in autoimmune diseases and in tumor
progression. Further, NVs in blood are associated
with
tissue
factor
and
are
considered
prothrombogenic [1].

NVs are a yet underappreciated but important pool
of blood cholesterol which increases post-prandially
in healthy human.
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It is indicated that cholesterol plays an important
role in budding and vesiculation, especially due to
partitioning into cholesterol-enriched membrane
rafts which favor strongly curved membrane regions
[2]. Due to a self consistent minimization of the free
energy and lateral distribution of membrane
constituents, a highly curved local membrane shape
with increased content of constituents that favor
such curvature is attained, and the budding of the
membrane is promoted [3].
As cholesterol is expected to be abundant in NVs a
correspondence
between
concentration
of
cholesterol in blood and the number of NVs in
blood is indicated.
Here we studied the post-prandial effect on the
number of microvesicles (NVs) in isolates of
peripheral blood in relation with blood cholesterol
and blood glucose.
Blood was taken from 33 subjects without record of
a disease. The experiment was performed in two
days, the first day, after a 15-hour fast and the
second day after eating food rich in cholesterol, fat
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Dynamics of the Electron Transfer Pathways at a
Gold-Nitrogen Donor-Acceptor Bond
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Cossaro,† Alberto Verdini,† Dean Cvetko,§,† Latha
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Figure 1: Measured RPES (participator
channels) for both multi- and monolayer films of
BDA on Au(111). Quenching of the resonances is
stronger for LUMO+1 than for LUMO, indicating
two times faster charge transfer times.

We use Near Edge X-ray Absorption Spectroscopy
(NEXAFS)
and
Resonant
Photoemission
Spectroscopy (RPES) to probe the structure and
dynamics of electron transfer pathways at a N-Au
bond. We study multilayer and ultra-thin films of
1,4-benzenediamine (BDA) on Au(111), as well as
the molecule in gas phase. On the thin-film sample,
we find that the N K-edge NEXAFS peaks are
strongly broadened, and the Au Fermi edge is
clearly visible, indicating a strong hybridization of
the N-states on the molecule with the underlying
substrate. With the use of X-ray RPES we
performed site resolved analysis of the excited
electron delocalization dynamics. By core-hole
clock measurement we show that carbon 1s
electrons excited from 1,4- C (2,3- C) sites of the
molecule to the LUMO+1 (LUMO) transfer to the
substrate in 5 ± 2 fs (10 ± 2 fs), while the transfer
time of electrons excited from a N1s to the
LUMO+1 is below our detection limit of 0.5 fs. We
identify the spatial extent of the LUMO+1 orbital as
the fast transport channel through the BDA-Au link.
Since LUMO+1 state presents the largest spatial
spread over the amine termination, our observation
of fast charge transfer pathways demonstrates that
the N-Au bond is directly responsible for electron
transfer through single diamine molecules in STMbased break junction experiments.
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maintained during the adsorption and dispersion
steps, the concentration of the citric acid during the
adsorption, the temperature, etc., on the stability of
the ferrofluids were systematically studied. The
compositions of the prepared ferrofluids were
determined with thermogravimetry. The ζ-potential
was determined with electro-kinetic measurements
of particle mobility. It appeared that the pH value
and the concentration of citric acid used in the
adsorption step of the preparation process decisively
influenced the composition and the stability of the
ferrofluid.
Further more the ferrofluids were characterized
using rheological measurements as a function of the
external magnetic field. Amplitude sweep showed
two changes in the rheological character of the
ferrofluid with the magnetic field. First change in
can be observed between 50 and 100 mT, where the
rheological character changes from liquid into gel.
The second change occurs between 150 and 200
mT, where the rheological character changes back
to liquid character. The changes of the rheological
character can be associated with the internal
ordering of particles into different agglomerates.
The first change f the rheological character can be
associated with the formation of chain-like
agglomerates, while the second change can be
associated with the transformation of the chain-like
agglomerates into globular agglomerates.

Preparation, stability and rheology of aqueous
ferrofluids
S. Čampelj1*, D. Makovec1 and M. Drofenik1, 2
1

Department for Materials Synthesis, “Jožef
Stefan” Institute, Jamova 39, SI-1000 Ljubljana,
Slovenia,
2
Faculty of Chemistry and Chemical Engineering,
University of Maribor, SI-2000 Maribor, Slovenia
In recent years, a lot of attention has been devoted
to the preparation of ferrofluids. Ferrofluids are
stable colloidal suspensions of superparamagnetic
particles dispersed in a carrier liquid. Because they
can be manipulated with the external magnetic field
they are interested for many applications ranging
from technical [1] to biomedical [2] applications. Of
particular interest are aqueous ferrofluids, which
can be used in medical applications. For the
preparation of aqueous ferrofluids different
surfactants have been used in order to prevent the
agglomeration of magnetic nanoparticles [3 – 5].
One of the surfactants used in the preparation of
such ferrofluids is citric acid [5]. Citric acid has
three carboxyl groups, and it adsorbs on the surface
of the nanoparticles, thus providing a high
electrostatic surface potential, which prevents the
agglomeration and sedimentation of the particles.
An important aspect of ferrofluids is their stability
and rheological behaviour in the presence of the
magnetic field. Dispersed magnetic nanoparticles
start to agglomerate in the presence of the magnetic
field and thus they influence on the rheological
characteristics of the ferrofluid and their stability [6
– 9]. Although a lot of theoretical studies have
already been made on this subject, there is still a
lack of practical measurements. A part of this work
was to evaluate through the rheological
measurements the stability of ferrofluids in the
presence of the magnetic field.
The ferrofluids were prepared in a three-step
process. Maghemite nanoparticles were precipitated
from an Fe2+/Fe3+ aqueous solution at high pH using
ammonia. The particle size was typically 14 nm,
with a relatively narrow size distribution, having a
dispersion of below 25% (measured from TEM
images). The citric acid was adsorbed on the
nanoparticles’ surfaces at lower pH values, where
the adsorption is promoted by the positive charge on
the nanoparticles’ surfaces along with the weak
dissociation of citric acid. Finally, the nanoparticles
with adsorbed citric acid were dispersed in water at
higher pH.
The influences of the different parameters of the
preparation process, such as the pH value
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Work function of Mo6SxI9-x nanowires
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Due to their unique electronic and mechanic
properties, such as ability to be doped, low
percolation threshold, self-assembly, flexibility…
MoSI nanowires are being explored in different
fields of possible usage, from nanoelectronic
circuits to photovoltaic applications. In order to
build an efficient charge transfer device, a proper
alignment of electronic states has to be ensured.
That can be achieved only by knowing the work
function for the electrons in the materials used.
The work function was measured by three different
methods. First one was a measurement of potential
contact difference (CPD) versus highly ordered
pyrolytic graphite (HOPG) in air, by using a tip of
an atomic force microscope as a nanoprobe in
Kelvin-probe mode. CPD was found to around 0.2
V which puts a work function of MoSI nanowires at
about 4.8 eV, considering that the work function of
HOPG is located at about 4.6 eV.
Second method used was cyclic voltammetry.
Samples exhibited clear oxidation and reduction
peaks. The highest occupied molecular orbital
(HOMO), which determines the work function,
corresponding to the onset of oxidation peak, was
found to be at 4.8 eV, while onset of reduction peak
revealed the lowest unoccupied molecular orbital
(LUMO) at 3.6 eV. The maxima of the two peaks
were located at 4.9 eV and 3.3 eV. Their difference
gives out the value of 1.6 eV which is quite close to
the peak of optical absorption spectra, located at
about 1.7 eV.
The third experiment was ultraviolet electron
spectroscopy (UPS). The work function, measured
at 4.7 eV, coincides with the two previous results.
The different methods are consistent with each
other, giving the work function of MoSI nanowires
from 4.7 eV to 4.8 eV. Therefore the picture of
electronic states in MoSI nanowires near Fermi
level is now clearer and will be of great use in
future applications.
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Isolates of samples with added formaldehyde and a
mixture of formaldehyde and glutaraldehyde
contained considerably smaller number of NVs than
the controls while in the isolates subject to
glutaraldehyde the number of NVs were larger than
in controls. At the same time, numerous cells were
found in isolates treated with both, formaldehyde
and glutaraldehyde. Smaler number of NVs and
larger number of cells in the isolates indicates that
larger pool of cells remained intact and did not
disintegrate into fragments. It is concluded that
proper fixation immediately after blood uptake may
suppress the budding and microvesiculation process
and therefore diminishes artefact due to shedding of
blood cells during the isolation process.

Effect of fixation of blood on isolated
nanovesicles
Apolonija Bedina Zavec, Vid Šuštar, Roman
Štukelj, Eva Ogorevc, Peter Veranič, Henry
Hagerstrand, Veronika Kralj-Iglič
Laboratory of Clinical Biophysics, Faculty of
Medicine, University of Ljubljana, Laboratory of
Biosynthesis and Biotransformation, National
Institute of Chemistry, Laboratory of Biophysics,
Faculty of Electrical Engineering, University of
Ljubljana, Institute of Cell Biology, Faculty of
Medicine, University of Ljubljana, Sloveni,
Department of Biology, Biocity, Abo Akademi
University, Finland
Nanovesicles (NV) are sumbicron-sized membraneenclosed fragments of cell interior which are
pinched-off from the cell membrane in the final
stage of the budding process. Being able to move
with lymph and blood they carry the contents of the
mother cell to distal cells where they can interect
with distal cells and become functional. NVs in
blood were recognized as a potential powerful tool
for diagnosis and treatment, however, a clinically
useful
method
for
their
isolation
and
characterization has not yet been developed. The
most widely used method for assessment of NVs
from blood, consisting of centrifugation and
washing of samples, is highly sensitive to external
parameters such as temperature and dynamics of
isolation. For this reason a large pool of NVs is
created in vitro after the blood uptake [1]. In this
work we attemted to suppress budding and
vesiculation of blood cells after the blood uptake by
fixation immediately after the blood uptake.

Figure 1. Scanning electron microscope image of
blood isolate treated with formaldehyde and
glutaraldehyde immediately after the blood uptake.
Numerous resting platelets can be seen. Addition of
fixatives induces a formation of network connecting
cells in the isolate.
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Blood was taken from two subjects without record
of a disease. NVs were isolated by repeated
centrifugation and washing of samples as described
in [2]. To suppress budding and vesiculation of NVs
from blood cells after the uptake, samples were
immediately after the blood uptake fixed in
formaldehyde, glutaraldehyde and a mixture of both
substances. Following isolation procedure NVs
were counted by a flow cytometer. Isolates and
sediments containing blood cells were observed by
scanning electron microscope.
Numerous non-activated platelets were observed in
samples with added fixatives while non-fixed
samples contained mostly activated and deformed
platelets. A pool of particles corresponding to
shapes with no internal structure (tubular structures
longer than micrometer and toroidal structures) was
observed in samples with and without fixatives.
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controlling the experimental deposition conditions.
We also demonstrate that both the occurrence of
micron-sized particulates on the surface and
uniformity in the NPs size distribution can be
controlled by introducing a mechanical filter (solid
disk) between the target and the substrate. The
produced NPs are demonstrated to be crystalline at
RT.

Systematic study of Ge nanoparticles deposition
on Si(100) substrates by Pulsed Laser Deposition
A. J. Martins, J. Martín-Sánchez, L. Marques, E.
M F. Vieira, A. G. Rolo, M. M. D. Ramos, M. J. M.
Gomes
University of Minho, Centre of Physics and Physics
Department, Braga, 4710-057, Portugal
e-mail: mjesus@uminho.fisica.pt

The size distribution and dispersion of the
obtained Ge NPs were evaluated using Atomic
Force Microscopy (AFM) and Scanning Electron
Microscopy (SEM). The structural properties of the
NPs were characterized by Selected Area Electron
Diffraction (SAED) and Raman Spectroscopy.

Semiconductor nanocrystals (NCs) have
been widely investigated in the last years due to
their unique physical properties in order to improve
the properties and performance of electronic and
opto-electronic devices. In particular, the retention
time in flash memory devices based on MetalOxide-Semiconductor (MOS) structures can be
improved by integrating NCs as the floating gate
instead of conventional continuous layer in the
memory device, avoiding this way undesired charge
leakage processes through weak spots in the tunnel
layer due to the more effective local charge
confinement in NCs [1]. The variation of the size
and spatial distribution of NCs array in a floating
gate layer leads to a dramatic change in the
tunneling and charging characteristics. The control
of these parameters allows improving the storage
and retention properties of memory devices.
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Pulsed laser deposition (PLD) is a versatile
technique to grow high quality multicomponent thin
films and nanometer-sized particles (nanoparticles,
NPs) when a gas atmosphere is introduced in the
deposition chamber at low substrate temperatures
[2]. In the last years, much effort has been devoted
to the production and characterization of Si NPs [24], while less works can be found concerning Ge
NPs [5-7]. In this regard, Ge material has been
proposed as a good alternative to Si for memory
device applications due to the smaller band-gap
energy that Ge presents [8]. For the development of
flash memory devices based on NPs as storage
nodes with an optimal performance, besides the NPs
size and density distribution control, it would be
desirable to avoid the micron-sized particles
deposition on the substrate surface, usually obtained
in the ablation process.

Figure 1: AFM image of Ge nanoparticles
deposited on Si(100) substrates at different targetsubstrate distances.

In this work, we have systematically studied
the morphological and structural properties for Ge
NPs obtained by PLD on Si (100) substrates in an
Ar environment at room temperature (RT). In our
experimental setup, we have used a KrF excimer
laser (λ = 248 nm, tp = 10ns). We demonstrate that
it is possible to control the NPs distribution by
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EMR and structural characterization of spin
coated La0.67Sr0.33O3 films
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Electron magnetic resonance (EMR or EPR) has
played a key role in the study of the perovskite
manganites because it is sensitive to changes in
magnetization behaviour in the ferromagnetic (FM)
and paramagnetic (PM) regimes. In the paper the
spin dynamics and structural characterization of
La0.67Sr0.33O3 (LSMO) thin films on (001) SrTiO3
substrates are investigated. The films were obtained
using a new simple chemical solution route [1]. To
obtain the epitaxial LSMO the precursor films were
thermally treated directly at 1000oC, and quenched
to room temperature in air.

22

24

23

25

26

ω

Figure 2: Rocking curves at peak-top STO(004) and
LSMO(024)

At room temperature, in FM regime, a nearly
symmetric line shape was observed over the entire
measured temperature range. For out of plane
geometry, the EMR signal shape becomes
asymmetric (Dysonian-like) below T = 360 K.
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Figure 3: ∆Hpp vs. T in LSMO film
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Figure 1: X-ray diffraction around STO(004) for LSMO film
and powder

Inside the FM phase the resonance fields for
perpendicular and parallel geometries of applied
magnetic field diverge upward and downward
respectively, owing to the presence of magnetic
anisotropy and demagnetizing fields. It is an
evidence of out of-plane magnetization in the film.
The magnetization value at room temperature,
calculated from EMR data, is about 13.05 emu/cm3.
The temperature dependence of the line width is
shown in Figure 3, for both H orientations. The line
width ∆Hpar increases by lowering the temperature
up to a constant value of 150 mT due to in plane
anisotropies. Para-ferromagnetic transition is
evidenced from the temperature dependences of
both ∆Hpp and Hres. Spin dynamics and magnetic
polaron contribution to the line widths are
discussed.

The film was investigated by X-ray diffraction
around the STO (004) diffraction peak using a setup
for high resolution with focusing mirror and
Ge(220) asymmetric channel-cut monochromator.
Diffraction patterns of powder and deposited film
LSMO, presented in Figure 1, show that the crystal
lattice along (024) direction is larger due to
interaction with the STO substrate. The STO
rocking curve in Figure 2 also shows a second peak,
matched to LMSO peak. The FWHM of this STO
interface layer is significantly larger than that of the
bulk STO (0.10 compared with 0.050).
The EMR spectra in the LSMO film were measured
in parallel and perpendicular orientations of the
magnetic field with respect to the film plane. Within
the (PM) regime, the spectrum consists of an
exchange narrowed resonance line of Lorentzian
shape with a g-value slightly below the free electron
value 2.
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distribution with B = 51.5 ± 1.47 T and ΔQ ≅
0.50(2) mm/s, δ ≅ 0.38(1) mm/s, respectively at 5K.
One remarks that our ΔQ and δ values are very
close to those obtained by ab initio calculations in
Ref [2]. Around T1~250K and T2~170K, a
significant decrease of spectrum intensity was
detected, suggesting dimension effects and local
structural changes.
EPR measurements were carried out in X-band, on a
JEOL spectrometer, in the temperature range 100550 K. The room temperature EPR spectrum of all
57
Fe doped TiO2 samples consists of two main lines:
one, less intense, around g=4.28, attributed to
isolated Fe3+ ions in low symmetry field, and the
second line, the more intense central line, with
g=1.99, attributed to Fe3+ ions interacting each to
others via oxygen defects; its relative small line
width (∆Hpp=7.5-10 mT) is a proof of exchange
narrowing process. The double integral line
intensity of EPR spectrum is proportional to the
sample susceptibility. Its temperature dependence
shows how the magnetic characteristics change with

Local structure and magnetic characterization of
57
Fe doped TiO2 nanoparticles: a EPR and
Mössbauer study
M.N. Grecu, S. Constantinescu, D. TărăbăşanuMihăilă, D . Ghica, L. Diamandescu
National Institute of Materials Physics, NIMP,
Bucharest- Măgurele, Romania
In this work we present systematic electron
paramagnetic resonance (EPR) and Mössbauer
(MS) experiments on iron-57 doped (0.1, 0.5 and 1
at %) nanocrystalline TiO2, synthesised by a
hydrothermal route at 200°C, starting with TiCl4
and 57FeCl3.6H2O (95.44% iron-57 isotopic
enrichment) as precursors and NH4OH as
precipitating agent [1]. XRD data analysis
showed that all samples are single-phase with
anatase structure and the average grain size is
about 14 nm. The MS spectra were recorded in the
transmission geometry (velocity range -11 to +11
mm/s) at different temperatures, from 5K to 300K,
using a 57Co:Rh source, incorporated in ‘SeeCo’
type spectrometer. The temperature dependence of
MS spectra for a sample with 0.1 at.% Fe is shown
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The fit parameters are inset in Figure 2. Such
dependence is characteristic to small magnetic
polaron effects, like ∆Hpp(T) in CMR manganites
[3]. The calculated polaron activation energies Ea
are 60-65 meV and the transition temperatures to
magnetic phase are in the range 160-180 K.
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Figure 1. MS spectra on 0.1 at. % Fe:TiO2

In Fig. 1. At room temperature (RT) the spectrum
contains superposition of a quadrupolar doublet (ΔQ
= 0.47(2) mm/s, δ = 0.32(1) mm/s), arising from
Fe3+ ion in the ‘paramagnetic’ state and a line of
‘relaxed’ type shape broaden on the velocity range
v=±8mm/s. On lowering the temperature the
hyperfine structure of iron in ‘magnetic’ states
appeared clearly. The magnetic and paramagnetic
phases are characterized by a hyperfine field
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The colloidal stability of oleic- and ricinoleicacid-coated nanoparticles in organic solvents with
dielectric constants εr ranging from 2.0 to 9.8 was
studied. Although the acids are structurally similar,
there is an –OH group in the ricinoleic acid’s tail, a
marked improvement in the colloidal stability of the
ricinoleic-acid-coated magnetic nanoparticles in
moderately polar organic solvents and monomer
methyl methacrylate was observed as a result. The
bonding of both acids provokes a significant change
in the surface properties of the iron oxide
nanoparticles. A clear shift from a strong electrondonor to a weak electron-donor was confirmed with
the bonding of the oleic acid. The effect of
ricinoleic acid bonding is even more dramatic: a
clear shift toward a weak electron-acceptor is
evident. A detailed analysis of the total energy of
interaction, including the vOCG theory, between
two particles was used to describe the different
behaviors of the coated nanoparticles. In the case of
the oleic acid nanoparticles in an apolar medium,
such as decane, a small net attraction of ~0.84kBT,
which is insufficient to cause nanoparticles
agglomeration, exists. In polar media the net
attraction is larger than 1.5kBT, resulting in
precipitation of the oleic-acid-coated nanoparticles.
The same findings apply to the ricinoleic-acidcoated nanoparticles, but only when dispersed in the
apolar medium. In the polar medium an additional
repulsion due to polar solvation forces exists,
resulting in a decrease of the net attraction to as low
as ~0.14

Figure 1: Overall energy of interaction between

two oleic- (a) and ricinoleic- (b) acid-coated
nanoparticles in different organic solvents. The
additional repulsion between the ricinoleicacid-coated nanoparticles exists, because of the
polar interactions, in contrast to the olec-acidcoated nanoparticles.
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applied it on different cell lines. In the SNOM
(TriA-SNOM, A.P.E. Research) analysis of these
cells cultures, useful information are obtained
correlating topography and SNOM optical (both
transmitted and reflected) images.
SPM is a pure surface technique and it is mainly
used to analysed the surface of entire cell or whole
sample. But in biological applications it is often
required the analysis of the internal structures of cell
and tissue.
For this purpose we have applied AFM and SNOM
on thin sections (2) of cells and tissues, using a well
known sample preparation method developed in the
60’s for TEM microscopy.
The comparison between probe microscopies and
electron microscopies is important to optimized the
biological sample preparation procedures especially
for more recent SPM techniques. Furthermore the
various microscopies allowed us to recognize
possible artefacts with respect to the real structures.

A novel approach of AFM and SNOM in
Nanomedicine
Prato S.1, Troian B. .1, Trevisan E. 2,
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The SPMs (Scanning Probe Microscopies) represent
the basic instrumentations for nanotechnologies, and
they are gathering an increasing interest of scientists
in biology and medicine. In these sectors the mainly
used SPM technique is the AFM (Atomic Force
Microscopy), but also the SNOM (Scanning Nearfield Optical Microscopy) is suitable for biological
samples.
In particular, SNOM allows to obtain the
topography of the sample and simultaneously
optical images (reflection and transmission signals)
with an higher resolution than conventional optical
microscopy, overtaking the diffraction limit.
In recent years, the BioNanoLab of A.P.E.
Research, in collaboration with different research
groups, focused attention on SNOM applications for
cell morphology studies.
Various SPM techniques can be applied on different
types of biological specimens: from detection of
single molecules, to characterization of cells
cultures, up to the study of tissue thin sections.

We show that AFM and SNOM techniques are a
powerful tool to investigate local properties at
nanoscale, opening new possibilities in the imaging
in nanobiomedical fields.
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AFM gives an accurate three-dimensional
reconstruction of the surface features at nano-scale
level. We used AFM microscope (A100-SGS AFM,
A.P.E. Research) in a study for the characterization
of proteins molecules and of functionalized
substrates for absorption of these proteins (Fig. 1).
SNOM and AFM give contrast in images without
use of any staining. But we demonstrate that an
appropriate use of colour labelling is useful to
localize subcellular structures in the submicrometer
scale.
For example, we have developed a new DAB
(Diamminobenzidine tetrahydrochloride) staining,
specifically tuned for SPM technique (1), and we

Figure 1: Polysaccharides thin film on gold
coated glass. AFM topography. Scan Area 4μm x
4μm.

79

SLONANO 2010, Ljubljana, Slovenia, 20–22 October 2010

built measurement set up. A new deposition
method was devised, resulting in a more dense
deposition of MoSIx nanowires and improved
sensitivity. [1]

MoSIx gas sensor
Aljaž Drnovšek1, Damjan Vengust1, Peter
Topolovšek1, Miha Devetak1, Dragan Mihailović1
Jozef Stefan Institute, Complex matter, Slovenia

References: Aljaž Drnovšek, MoSIx – zaznava
plina in transformacija v MoO2 (diplomsko delo,
Univerza v Ljubljani)

We
present
chemiresistive
and
chemicapacitative vapour sensors based on
MoSIx nanowires (NWs). Electrodes are
fabricated via nanolithographic methods. The
use of different electrode materials provides a
selective response to different vapours and
concentrations, which we tested in a custom-

Custom-built measurement set up.
A……analite
F1-3….flowmeters
D……data acquisition

Relative change of resistance of
MoSIx NWs on different
electrodes for different
concentrations of H2O in N2

Figure 1: Measurement set up and data

acquisition.
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from MoO2, which is more brittle and more
difficult to manipulate [2]. The presented
method of oxidation and reduction can be
performed directly on electronic circuits
fabricated from MoSIx NWs, in order to obtain
MoO2 based circuits. During reduction
nanopores form in the structure, this makes
them an excellent additive material for lithium
ion battery electrodes [3].

Synthesis of nanoporous MoO2 from MoSI
nanowires
Aljaž Drnovšek1, Peter Topolovšek1, Damjan
Vengust1, Dragan Mihailović1
Jozef Stefan Institute, Complex matter, Slovenia

In the past decades, a number of nanomaterials
have been synthesized via many different
methods. A key factor in determinating the
properties of synthesized nanomaterial, is its
dimensionality. Molybdenum is known to form
well defined sub-oxides like Mo5O14 and
Mo4O11, during reduction from MoO3 to MoO2.
Here we present a transformation of MoSIx
nanowires (NWs) into MoO2 nanostructures
without any sub-oxide phase[1]. The key
advantage is the easy processability of MoSIx
NWs into functional structures such as
electronic circuits, which cannot be obtained

MoSIx

MoO3

References:
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Oxidation in RTA

Reduction with H2

Figure 1: Oxidation and reduction progress

81

MoO3

MoO2

SLONANO 2010, Ljubljana, Slovenia, 20–22 October 2010
symmetry structure using aberrationcorrected electron microscopy, Adv.
Materials vol.19, 2007.

Doping of MoSI nanowires with divalent
metal ions
Peter Topolovsek, Damjan Vengust, Aljaz
Drnovsek, Christoph Gadermaier, Jure
Strle, Martin Strojnik, Ljupka Stojcevska,
Ales Omerzu and Dragan Mihailovic

+

Josef Stefan Institute, Complex matter,
Slovenia
XPS measurements on as-grown MoSI
nanowire bundles shows a 20% higher Mo
content than predicted from the molecular
structure of MoSI nanowires.1 We assign
this effect to self-doping during the
synthesis. To confirm this hypothesis,
experiments consisting of MoSI doping in
dispersion with divalent metal ions zinc,
nickel and magnesium were performed.
Dopants were added to undoped, highly
dispersed MoSI nanowires, which have
diameters of few nanometers, down to
single nanowires with diameter of 0,96 nm.2
During the process of doping divalent metal
ions trapped between bundles cause rapid
aggregation in dispersion, forming larger
clusters of nanowires. Measurements of
absorption spectrum in the energy range
from 6 - 0,05 eV and resistivity
measurements were used to compare
different types of samples, from undoped,
self-doped and as-grown samples with
samples doped with metal ions. Our results
show that undoped MoSI nanowires are
intrinsically semiconducting and that
doping provides the conductivity observed
in many previous experiments.
Doping in dispersion is the first step to
adding other dopants inside the structure of
MoSI nanowires (inorganic polymers),
similar to doping of other semiconducting
polymers. Irreversible doping will also add
more control over MoSI electronic
properties.

Figure 1: Change of the absorption
spectrum after doping of MoSI nanowires
with divalent metal ions.

1
References:
A.Meden,
A.Kodre,
J.P.Gomilšek, I.Arčon, I.Vilfan, D.Vrbanic,
A.Mrzel and D.Mihailovic, Atomic and
electronic structure of Mo6S9-xIx nanowires,
Nanotechnology 16, 2005.
2
V.Nicolosi, P.D.Nellist, D.Vengust,
D.Dvorsek, D.Mihailovic and others,
Observation of van der Waals driven selfassembly of MoSI nanowires into low-
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PEC consisting of alginate core entrapping
the protein ovalbumin and the outer coating
of chitosan were prepared as published (2).
Trehalose, mannitol, glycine, poloxamer
188 and polysorbate 80 were used as the
freeze-drying
excipients.
The
PEC
dispersion was purified by centrifugation to
remove unassociated polymers and protein.
The sediment was redispersed in one half of
the initial volume of distilled water.
Aliquots of the PEC dispersion were added
to the same volume of excipients solutions
yielding excipient concentrations of 0.2%,
0.5%, 1%, 2% and 5% w/v. A control
sample was prepared in the same way
adding distilled water instead of the
excipient solution. The samples were frozen
in liquid nitrogen, placed on pre-cooled
shelves (-100°C) and then lyophilized at 100°C and 0.002 mbar for over 12 hours
using a freeze-dryer (Lio-5P LT, Kambič,
Slovenia). The freeze-dried products were
redispersed in distilled water of the same
volume as the original dispersion before
freeze-drying and then characterized
visually (Tyndal effect) and by DLS
measurements (Zetasizer Nano ZS, Malvern
Instruments, UK).
Results
PEC were prepared following the
complexation of the ovalbumin with the
alginate at pH 4.0, which is below the
isoelectric point of ovalbumin (pI 4.8),
where its net charge is positive, thus
providing a strong interaction with the
negatively charged alginate. Chitosan was
further deposited onto the negatively
charged alginate-ovalbumin complexes The
PEC prepared showed a characteristic
Tyndall effect (milky look, average count
rate 125,000 ± 10,000 kcps), and the mean
particle size and zeta potential were around
300 nm and -44 mV, respectively.
In order to choose the appropriate
excipients, which effectively retain the size
and integrity of the colloidal system after
the reconstitution of the freeze-dried
product in water, a screening of various
excipients at variable concentrations was
performed.
Trehalose was selected as an amorphous
stabilizing excipient (replacing water
bonding with the drying product), mannitol
and glycine as crystalline bulking

Freeze-drying
of
polyelectrolyte
nanocarriers containing protein drug
Mateja Cegnar1, Ana Miklavžin2 and
Janez Kerč1,2
1

Lek Pharmaceuticals, d.d., Sandoz
Development Center Slovenia, Verovškova
57, SI-1526 Ljubljana, Slovenia
2

Faculty of Pharmacy, University of
Ljubljana, Aškerčeva 7, SI-1000 Ljubljana,
Slovenia
Introduction
Nanoparticles made by polyelectrolyte
complexation have shown a great potential
in formulating biological drugs since this
method avoids the need for severe
technological procedures that are usually
harmful to sensitive biomolecules. In this
work, oppositely charged alginate and
chitosan were used to form polyelectrolyte
complexes (PEC) for the delivery of the
model protein ovalbumin. One important
challenge in the development of nanosized
carriers is their long-term stability upon
storage. PEC in an aqueous dispersion may
face physical and/or chemical instability,
such as the aggregation or fusion of
particles, the dissociation of polyelectrolyte
complexes and drug leakage, hydrolysis of
polymers, loss of drug activity etc.,
therefore water has to be removed. Freezedrying is often the method of choice for
drying of biological drugs and preparing
solid pharmaceutical dosage form. There
are some studies on freeze-drying
nanoparticles in the literature, but this
complex process of drying is mostly
governed by the particular type of
nanoparticles thus have to be customized
for each formulation (1).
In this study we evaluated the possibility of
freeze-drying PEC by the aid of various
excipients. Their efficiency on the
redispersibility of the freeze-dried product
in water was evaluated according to the
mean particle diameter, polydispersity,
average scattering intensity (particle
concentration) and visual appearance of the
PEC (Tyndal effect).
Methods
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0.5
1
2
5

excipients or fillers, and polysorbate and
poloxamer as nonionic surfactants (3).
Table 1 shows the effect of various
excipients on the properties of freeze-dried
PEC after their reconstitution in water.
Without any excipients, the size of the
freeze-dried
PEC
after
rehydration
increased remarkably, by a factor of 3.3,
which represents the ratio between the final
(after lyophilisation) and initial mean
diameter (before lyophilisation) of the
particles (Sf/Si). Trehalose was found to be
the most efficient excipient relative to other
excipients. The factor of particle size
increase of the reconstituted sample was
only 1.4 for all trehalose solutions.
Mannitol as a bulking agent also showed a
protecting effect on the PEC during freezedrying, yielding a factor of particles size
increase of 1.6 for 2 and 5% mannitol
solutions. The efficiency of mannitol in the
reconstitution of the freeze-dried PEC
increased with an increasing concentration
of mannitol (up to 5%), whereas for
trehalose the influence of concentration was
minimal, indicating good stabilization
properties. On the other hand, glycine did
not provide the product with good
redispersion properties.

Before freeze drying
No excipients
After freeze drying
No excipients
Excipients
Conc. (%)
0.5
1
Trehalose
2
5
0.5
1
Mannitol
2
5
1
Glycine
2
5
0.2
0.5
Polysorbate
1
2
5
0.2
Poloxamer

0.255
0.378
0.337
0.341

3.0
2.9
3.3
4.6

*Sf/Si index: ratio between the final (after
lyophilisation) and initial mean diameter (before
lyophilisation) of the particles.
**The Tyndal effect estimated visually and scaled
from 1 to 3 on the basis of the average count rate: 1:
absent, 0 – 40,000 kcps; 2: scarce, 40,000 – 90,000
kcps; 3: significant, 90,000 – 130,000 kcps). The
average count rate of freshly prepared PEC was
125,000 ± 10,000 kcps.

Table 1. Particle size, polydispersity index, Sf/Si
index and the Tyndal effect (estimated on the
visual appearance and average count rate) for
PEC dispersion before and after freeze-drying
using various excipients.
Sf/Si
index
*

923 ± 10
899 ± 40
1030 ± 15
1413 ± 60

Particle
size (nm)

PdI

Tyndal
effect**

310 ± 20

0.147

1029 ± 20

0.277

3.3

1

432 ± 60
421 ± 30
452 ± 10
421± 30
662 ± 37
591 ± 29
482 ± 10
495 ± 30
Nd
Nd
Nd
857 ± 120
720 ± 60
651 ± 60
Nd
Nd
946 ± 16

0.226
0.279
0.276
0.276
0.400
0.283
0.252
0.211
Nd
Nd
Nd
0.322
0.339
0.672
Nd
Nd
0.287

1.4
1.4
1.5
1.4
2.1
1.9
1.6
1.6
Nd
Nd
Nd
2.8
2.3
2.1
Nd
Nd
3.0

3
3
3
3
3
3
3
3
1
1
1
2
2
2
1
1
2

3
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Frozen samples with crystalline excipients,
mannitol and glycine, were also annealed
for 10 hours at -20°C, to obtain their
complete
crystallization
before
lyophilisation (some amorphous phase
could occurred during quick freezing in
liquid nitrogen) to evaluate just the effect of
fillers (4). Our results showed that the
redispersion properties of the freeze-dried
PEC with either mannitol or glycine at
various concentrations were not improved
by annealing. Much larger particle sizes
with a high polydispersity indexes (>0.5)
were obtained (not shown). The
crystallization of mannitol or glycine
probably caused a phase separation in the
cryo-concentrated nanoparticle dispersion
with no opportunity for the stabilization
interaction. Growing crystals of water and
mannitol or glycine could exert mechanical
forces on the nanoparticles leading to their
fusion. Also, nanoparticles in the
nanoparticle-rich phase might interact and
form aggregates. Therefore, it is necessary
that some of the excipient remains
molecularly dispersed in the amorphous
nanoparticle phase to stabilize the NPs and
prevent their aggregation, enabling their
reconstitution.
Nonionic surfactants (polysorbate and
poloxamer) influenced the particle size on
their addition to the PEC dispersion before
lyophilisation (not shown). For both
polymers, large particles were observed
with increasing concentration, which is
probably due to adsorption on the
nanoparticle surface increasing their size.
The redispersion properties of the freezedried product having these excipients were
poor (Table 1).
It is also important that the integrity
and the turbidity of the PEC are preserved

2
2
2
2
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upon the addition of excipients and after the
reconstitution of the freeze-dried product in
water, which is reflected in that the PEC did
not dissociate or aggregate and sediment.
The visual appearance (Tyndall effect) as
well the average count rate that reflects the
amount of particles in the sample were
examined for reconstituted product. Only
trehalose and mannitol were able to retain
the turbidity after reconstitution similar to
the dispersion prior to lyophilisation
(measured by the average count rate) (Table
1). Since trehalose or mannitol retained the
integrity of PEC and provided good
reconstitution of freeze-dried product, they
were selected as the most optimal
excipients for freeze-drying of PEC.
Conclusion
PEC were successfully freeze-dried by the
excipients. In particular, trehalose and
mannitol were found to be the most
efficient
enabling
the
successful
redispersion of PEC with almost completely
recovered properties compared to those
before lyophilisation. Results also showed
that some of the excipients must remain in
the amorphous phase, which is necessary to
provide the bonding with the drying
product and stability during dehydration.
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Self-assembled polyhedra composed of coiled-coil
polypeptide segments
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Molecular self-assembly of coiled-coil segments
serves as an excellent platform for preparing
functional nanostructures. Coiled-coil interactions
represent the best candidate for this type of
assembly as their sequence dictates the selectivity
and orientation for interactions with other coiledcoil segments. This type of assembly follows the
lead of DNA origami, with a distinct potential
advantage of polypeptides over nucleic acids as the
materials with versatile chemical properties.
Structure of the coiled-coil polypeptide nanoassembly is encoded by the topology of building
blocks, which is significantly easier to design in
comparison to the protein folding problem. We
predicted that nanostructures, self-assembled from a
single polypeptide type chain, comprising coiledcoil forming segments connected with flexible
linker could form closed polyhedra, such as a cube
or tetrahedron as well as form a polyhedral lattice.
We tested experimentally the feasibility of
manufacturing this type of nanostructures. We
designed, prepared and characterized set of
orthogonal coiled-coil pairs, that served as the
elements of the polypeptide building blocks.
Formation of the correct secondary structure and
orthogonality of building blocks was confirmed by
CD measurements. We designed a procedure for
slow chemical annealing of the assembly and
demonstrated different nanostructures depending on
the conditions of the refolding. Polypeptide
assemblies with nanometer dimensions were
observed by TEM.
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3 Inorganic Molecular Wires: Physical and
Functional Properties of Transition Metal
Chalco-Halide Polymers. Prog. Mater. Sci.
[Print ed.], 2009, vol. 54, no. 3, 309-350.

Low pressure synthesis of MoSIx nanowires)
D.Vengust1, D. Mihailovic1
Jožef Stefan Institute, Jamova 39, 1000 Ljublljana,
Slovenia
Inorganic molecular wires (MWs) – most notably
transition metal chalco-halide cluster polymers such
as Mo6S9-xIx (1,2)- have emerged as a new type of
one-dimensional materials with remarkable
molecular-scale functionality. Anionic bridges
which bind Mo clusters together into onedimensional chains are extraordinarily strong, yet
highly deformable, giving rise to exceptionally high
Young’s moduli and nonlinear mechanical
properties respectively. The very weak interaction
between individual polymer chains within
crystalline bundles leads to observation of extreme
onedimensional electronic character on one hand,
and also to easy dispersion in common polar
solvents and ultralow shear moduli on the other.
The sulfur atoms within the structure facilitate
diverse functionalization chemistry to thiolcontaining molecules, such as proteins. The
connectivity of the molecular wire ends to gold
nanoparticles and surfaces with covalent bonds
andgood electronic coupling enable self-assembled
molecular-scale connections to be made between
individual molecules(3).
The customary synthesis of Mo6S9-xIx MWs is
carried out in a sealed quartz ampoule from the
elements, which is kept at 1050 oC for one week.
Via the ideal gas equation and the ClausiusClapeyron relation it is estimated that the partial
pressure of Sulphur and Iodine rises to
approximately 100 bars. For up-scaling of the
production via CVD methods a protocol is needed
where the synthesis proceeds at ambient pressure
and during a shorter time. We investigated the
possibility of such a protocol and compared the
resulting material with standard Mo6S9-xIx MWs
using SEM, TEM including EDXS analysis, X-ray
diffractometry and UV-vis and IR absorption
spectroscopy. We show that a large amount of these
same Mo6S9-xIx MWs can be synthesized at 850 oC
and partial pressures not exceeding 1 bar within few
hours.

Figure 1: SEM image of MoSIx MWs as grown
according to the new protocol developed in this
work.
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DNA origami-based nanomaterials
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The principle of the rapidly evolving DNA
nanotechnology
is
the
design
of
nanostructures based on the Watson-Crick
base pairing and the oligonucleotide
sequence. DNA origami technique is able to
produce a variety of different shapes by
constraining a long single stranded DNA
molecule with a large number of short
oligonucleotides. We designed 227 short
oligonucleotides in order to scaffold the
long strand of M13 bacteriophage singlestranded DNA into the shape of Slovenia.
After annealing DNA origamis of Slovenia
were observed by atomic force microscopy
showing that most of the structures
followed
the design.
Our results
demonstrate that DNA origami technique
can be used for construction of irregular
asymmetric shapes with curvy edges and
prove this technique is robust enough to
support further applications.
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Study of quasiparticle relaxation dynamics in
SmFeAsO1-xFx single crystals
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We applied optical femtosecond spectroscopy to
study the quasiparticle relaxation and low-energy
electronic structure in underdoped and nearoptimally doped SmFeAsO1-xFx iron-pnictide
superconductor single crystals.
A single relaxation process was observed in the
underdoped crystals, followed with critical slowing
down of the quasiparticle relaxation dynamics at
spin density wave (SDW) transition temperature
TCDW = 125 K. Below TCDW , the temperature
dependence of the photoexcited reflectivity
transients indicates the appearance of a bottleneck
due to opening of a SDW gap with a BCS-like
temperature dependence.
On the other side, in the superconducting crystals,
we observed multiple relaxation processes with
three distinct relaxation components: A, B and C.
Components A and B are present in both: the
superconducting and the normal state. Component C
is observed only in the superconducting state and
corresponds to the relaxation across a T-dependent
superconducting gap with a BCS temperature
dependence. The multiple relaxation processes in
the superconducting crystals strongly suggests the
presence of two relatively weakly coupled
electronic subsystems, one exhibiting the
superconducting gap and the other the pseudogap.
At high-enough pump fluence a complete
destruction of the superconducting state is observed
with the critical optical excitation density

Up
kB

≈ 1.8 K/Fe which is similar to the value

observed in La2-xSrxCuO4.
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Superparamagnetic iron oxide nanoparticles as
prospective magnetically-guided delivery systems
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Superparamagnetic iron oxide nanoparticles
(SPIONs) as delivery systems for different
therapeutics can be guided and retained in situ by an
external magnetic field [1]. The aim of our study
was to evaluate physicochemical properties,
biocompatibility and cellular uptake of the custom
synthesized SPIONs for their potential use as
magnetically-guided delivery systems in oncology.
SPIONs were synthesized by precipitation in a
reverse microemulsion and tested for size, shape,
crystalline composition and magnetic behavior by
using a transmission electron microscope, X-ray
diffractometer and magnetometer. SPIONs were
dispersed in different aqueous media to obtain
ferrofluids which were tested for pH and stability by
using a pH meter and zetameter. Cytotoxicity was
determined using the MTS and clonogenic assays.
Cellular uptake was quantitatively evaluated by
inductively coupled plasma atomic emission
spectrometry.
SPIONs were composed of an iron oxide core with
a diameter of 8-9 nm, coated with a 2 nm-thick
layer of silica (Figure 1). SPIONs, dispersed in
0.9% NaCl solution, resulted in a stable ferrofluid at
physiological pH for several months. SPIONs were
not cytotoxic in a broad range of concentrations.
When added to the cells and exposed to
neodymium-iron-boron
(Nd-Fe-B)
magnets,
significant uptake predominantly into malignant
(SK-MEL-28) cells, was observed. Their
accumulation within the cells was dependent on the
duration of exposure to an external magnetic field
(Figure 2).
The custom synthesized SPIONs displayed adequate
physicochemical and biomedical properties for their
potential use as magnetically-guided delivery
systems in oncology.

Figure 1: TEM images of SPIONs. (A) Darker
spherical area is the core of a single nanoparticle
measuring 8 nm in diameter (arrows), coated with 2
nm-thick shell of silica on the surface (double
arrow). (B) The sample for TEM observations was
prepared by placing an ultrasonically agitated
suspension onto lacey carbon-coated nickel grids.
When drying, SPIONs tend to form agglomerates
due to their high surface energy

Figure 2: Iron content in MeT-5A, L929 and
SK-MEL-28 cells represents the cellular uptake of
added 100 μg/ml of superparamagnetic iron oxide
nanoparticles (SPIONs). A statistically significant
increase in cellular uptake of SPIONs in the
presence of Nd-Fe-B magnets was observed in all
cell lines tested (*P ≤ 0.05 vs. no magnet)

References: [1] Alexiou C, Jurgons R (2007).
Magnetic drug targeting. In: Andrä W, Nowak H
(eds) Magnetism in medicine: a handbook, 2nd ed.,
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Figure 1. FE-SEM images of α-MnO2 (a) nanorods and (b)
nanotubes.

We have controlled the diameter and length of
MnO2 nanorods through the selective regulation of
the reaction temperature, reaction time and
concentration of KMnO4 in the reaction mixture.
MnO2 nanorods have been synthesized with high
yields (figure 1a) by the reduction of KMnO4 in the
acidic environment under hydrothermal conditions.
According to the XRD all the present materials have
commonly crystallized with α-MnO2-type structure.
It has been found out that a concentration of KMnO4
in the reaction mixture has the highest impact on the
diameter and length of α-MnO2 nanorods mainly
due to the increased pressure in the reaction vessel.
When the number of mmols of KMnO4 has been
increased from 1.6 to 6 mmols the average diameter
decreased from 35 to 20 nm while the range of
nanorods lengths has also been reduced
significantly. The length of nanorods on the other
hand can also be successfully regulated with the
reaction time. MnO2 is not stable in the acidic
environment and it is further reduced to Mn2+. With
prolongation of reaction time from 6 to 24 h the
average length was reduced from approximately 2
to 1 μm.
Recently we have found out that the presence of
Fe3+(aq) ions in the reaction mixture triggers the
growth of α-MnO2 nanotubes (figure 2) [1] instead
of nanorods. Here we show that the concentration of
Fe3+(aq) ions in the reaction mixture has affected the
transition temperature in α-MnO2 nanotubes (figure
1b). With the increased concentration the transition
temperature increased from 14.4 to 16.4 K (figure
2). At the same time also the Pauli-like temperature
independent contribution to the magnetic
susceptibility increased. The results show that Fe3+
ions have an intrinsic effect on the electronic
structure of α-MnO2 nanotubes.
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The films exhibited slim polarization- electric field
loops, typical for relaxors. The calorimetric
measurements near room temperature confirmed a
giant electrocaloric effect in PLZT thin films.

Synthesis and characterization of
(Pb0.88La0.08)(Zr0.65Ti0.35)O3 thin films
Alja Kupec, Barbara Malič, Marija Kosec, Brigita
Rožič and Zdravko Kutnjak
Jožef Stefan Institute, Jamova cesta 39, SI-1000
Ljubljana, Slovenia
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Lead-based complex perovskite systems, such as
lead zirconate titanate or lead magnesium niobate
titanate, are widely used because of their good
piezoelectric,
pyroelectric
and
ferroelectric
response. Ferroelectric and relaxor materials have
been reported to possess an electrocaloric effect,
that is, a reversible temperature change under an
applied electric field under adiabatic conditions.
The materials exhibiting electrocaloric effect could
find applications in a new generation of cooling or
heating devices. The effect is strongly pronounced
close to the dielectric permittivity vs. temperature
maximum. Bulk materials require high voltages for
efficient operation, therefore thin films represent an
interesting option, also in terms of device
miniaturization.
In this work we report on Chemical Solution
Deposition of (Pb0.88La0.08)(Zr0.65Ti0.35)O3 or PLZT
thin films. The sols (0.5 M) for PLZT thin films
were prepared via alkoxide based sol gel synthesis.
The lead acetate, titanium n-propoxide and
lanthanum nitrate were dissolved in 2methoxyethanol and mixed. The Zr n-propoxide
was first modified with acetic acid in a 2/1 molar
ratio to promote a homogeneous distribution of Zr
species in the solution1. Lead acetate in 20 mole %
excess was used to compensate the losses of lead
during processing, which occur due to PbO
sublimation or its reaction with the substrate, and
thus to avoid possible presence of pyrochlore type
phase2. The entire procedure was performed in a dry
nitrogen atmosphere. The precursor solution was
spin coated on platinized silicon substrates with the
nucleation layer of PbO/PbTiO3 (PT). The PT
nucleation layer was used to promote the
heterogeneous nucleation of the perovskite phase.
The solution deposition was repeated until the final
thickness of the film of around 450 nm was
obtained. Each deposited layer was dried at 200 ºC,
2 minutes and pyrolyzed at 350 ºC, 2 minutes and
each second layer was annealed in a rapid thermal
annealing furnace at 650 for 15 minutes.
The films crystallized in perovskite phase with
preferred (100) orientation. The microstructure of
about 450 nm thick films consisted of columnar
grains. The room temperature permittivity and
losses measured at 1 kHz were about 1600 and 2 %.
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excitation lifetimes and increased quantum yields of
the fluorophores [2].
In comparison to commercial microarray substrates
the signal to noise ratio of the presented slides is
enhanced by up to factor 11. Furthermore sandwich
assays for interleukins 6, 8, 10, tumour necrosis
factor alpha (TNFα), vascular endothelial growth
factor A (VEGF-A) and S100B show working
ranges
which
cover
significantly
lower
concentrations (up to 38 fold).
Not limited to above assays the presented
substrates, which combine a biocompatible interface
with metal-based signal amplification, are a
valuable tool in a variety of biosensor applications.

Xanthan/chitosan gold protein microarray for
signal enhancement in melanoma biomarker
detection
Patrick Domnanich, Dacimoneida Brito Peña,
Claudia Preininger
AIT Austrian Institute of Technology GmbH, Health
& Environment / Bioresources, 2444 Seibersdorf,
Austria
Protein microarrays are poised to become one of the
most powerful tools in clinical applications with
diagnostic potential in many diseases such as
melanoma [1]. However these systems face the
challenge to accurately quantify analytes in the low
pg/mL range. This task is hampered by weak signal
strengths and too low detector sensitivity.
This issue becomes even more acute if miniaturized
assays are to be integrated into a portable diagnostic
device. There high sensitive laser scanners with
tuneable photomultiplier tube cannot be used due to
high costs, low scanning speeds and weight.
Charge-coupled device cameras offer a robust
alternative for signal detection, yet in practical
terms, their limit of detection is significantly higher
than in PMT based scanners.
To address this shortcoming, we present a platform
that combines both a biocompatible polyelectrolyte
multilayer
(PEM)
hydrogel
for
protein
immobilisation and metal enhanced fluorescence
signal amplification (Figure 1).
PEMs have proven to be favourable matrices as
many immobilized proteins were reported to retain
their activity for prolonged times. This effect was
frequently attributed to the gel-like environment
which keeps proteins hydrated and in a native
conformation.
Among tested (semi)natural polysaccharides
(xanthan,
chitosan,
carboxymethylcellulose,
hyaluronic acid) PEMs composed of xanthan and
chitosan performed best in terms of assay
sensitivity,
spot
morphology,
fluorescence
background and variability (< 10%). Fluorescence
signals on gold slides with a 75 nm coating of seven
crosslinked polyelectrolyte double layers were up to
50 times higher than on bare glass slides.
The metal substrate associated amplification
phenomenon can grossly be explained by the fact
that emitted fluorescence light, which is normally
scattered and lost through the glass substrate, is
reflected back to the detector by the gold mirror.
Both incident and emitted light independently
interfere with their reflection from the mirror. In an
optimized setup interference leads to signal
amplification which is associated with shortened
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"Plasmon-controlled fluorescence: a new paradigm
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Figure 1: Scheme of the polyelectrolyte
multilayer slides.
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resolvable hyperbolic point defect and behaves
hydrodynamically as a much bigger particle because
of the elastic distortion around it. This has a
surprising consequence that the pair-binding energy
of the dipolar nanoparticles is as high as 700 kBT
for 125 nm particles and is practically sizeindependent in the range from 125 nm to 500 nm.
This is in contrary with previous observations of
nanoparticle interactions [3] and it is a result of the
very strong surface anchoring of 5CB on DMOAPcoated silica nanoparticles. We have shown that
such a huge colloidal binding energy can be also
used for trapping of nanoparticles into disclination
lines in the nematic liquid crystals.

Direct observation of interaction of
nanoparticles in a nematic LC
M. Škarabot , and I. Muševič
J. Stefan Institute, Jamova 39,Ljubjana, Slovenia
Faculty of mathematic and Physics, Jadranska 19,
Ljubljana, Slovenia

It is well known that strong structural forces
between microparticles in the nematic liquid crystal
are responsible for different regular self-assembled
structures [1], while interactions of nanoparticles in
liquid crystals have not been systematically
analyzed. Here we present the study of topological
properties and interactions of nanoparticles in the
nematic liquid crystal 5CB [2]. We find that silica
particles, surface-functionalized with DMOAP
silane, in most cases behave as a dipolar nematic
colloids even when their diameter is as small as 125
nm (Fig. 1a), while in few cases they behave as a
quadrupolar nematic colloids (Fig. 1b). Dipolar
colloids are self-assembled into linear chains along
the nematic director, what is a clear sign of a dipolar
colloid orientation (Fig. 1c). The 125 nm dipolar
colloidal particle is accompanied by a clearly
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Figure 1: Nanoparticles in the nematic liquid crystal can behave as elastic dipoles (a)
or elastic quadrupoles (b) what can be clearly seen on the images under polarizing
microscope (right). Dipolar nanoparticles can be self-aasembled into dipolar chains
(c).
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transformation from 2H- to 1T- crystalline
polytype of MoS2 has been observed (Fig. 1).

Exfoliated MoS2 nanotubes
Bojana Višić1, Robert Dominko2, Ales Mrzel1,
Maja Remškar1,3

Very anisotropic molecular-layer flakes
reveal
unique
phenomena,
when
nanoparticles behave as “quasi”-molecules
and can self-assemble into single crystal
dendritic structures (Fig. 2). Results of
scanning electron microscopy, transmission
electron microscopy, x-ray diffraction, and
scanning tunnelling microscopy of this
unique graphene analogy will be presented.

1

Jozef Stefan Institute, Jamova cesta 39, 1000,
Ljubljana, Slovenia
2
National Intsitute of Chemistry, Hajdrihova 19,
1000 Ljubljana, Slovenia
3
Centre of Excellence PoliMat, Technological
Park 24, 1000 Ljubljana, Slovenia,

Inorganic solid lubricant molybdenum
disulfide (MoS2) is a known lubricant
applied in industry for last 60 years. Low
friction coefficient of 0.05 is attainable at
low-humidity conditions. Ultra-low friction
between MoS2 flakes and MoS2 surfaces
estimated to be approximately 0.003 was
reported and explained by easy shear basal
planes of the MoS2 crystal structure parallel
to the sliding direction. Reducing size of the
active particles and preserving them in a
parallel orientation with surfaces, which are
in mechanical contact, are two further
improvement of this material. Our recent
synthesis of MoS2 nanotubes containing
MoS2 nano-onions [1] and MoS2 coaxial
nanotubes [2] answer both demands: a) they
are small enough to fill micro and nano
depletions of the objects in mechanical
contact forming reservoirs of the lubricants,
and b) due to curved geometry, nano onions
and nanotubes are all the time in parallel
orientation with the counterpart surfaces.

References: [1] M. Remskar, A. Mrzel, M. Virsek, and A.
Jesih, Inorganic Nanotubes as Nanoreactors: The First
MoS2 Nanopods, Adv. Mater. 19, 4276 (2007)
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hybrids, Apply. Phys. Lett. 95, 133122 (2009).
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(1986)

Fig. 1: X-ray diffraction of exfoliated MoS2
nanotubes revealing a strongly reduced 002 peak
and absence of other (00n) peaks in accordance
with a high degree of complete exfoliation to
MoS2 monolayers.

Disadvantage of use of commercial MoS2
platelets is in their thickness. Those
crystallites are at their edges exposed to
oxidation or to chemical reaction with the
substrate, what cause their perpendicular
reorientation with regards to the substrate
and subsequently the friction enhancement.
Therefore the thinnest flakes as possible are
desired.
The MoS2 co-axial nanotubes (nanotube
supplier: Nanotul Ltd.) were lithium
intercalated in a solution of butyl lithium in
hexane at room temperature.[3]
The
exfoliation occurs by immersing intercalated
sample
into
water.
The
structural

Figure 2: SEM image of dendritic selfassembly of exfoliated MoS2 nanotubes .
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particles as well as other elements tend to attach
to the surface of the fiber during process and
handling. One important feature of ceramic fiber
is the surface texture. Their surface roughness
scales with grain size. The rough surface of such
brittle fibers makes them break at very low
strains and it makes very difficult to handle them
in practice. The grain boundaries on the surface
can act as notches and weaken the fiber [5].
Another mechanical property measured for SiC
fibers was the nanohardness using Vickers
indenter on the Fischerscope instrument.

Microstructure and Mechanical Properties of
SiC Fibers for Potentional Use in a Future
Fusion Reactor
Tea Toplišek1, Goran Dražić1, Spomenka
Kobe1, Vilibald Bukošek2
1

Jožef Stefan Institute, Jamova cesta 39, SI-1000
Ljubljana, Slovenia
2
Faculty of Natural Science and Engineering,
Snežniška 5, SI-1000 Ljubljana, Slovenia

A monolithic silicone carbide (SiC) has been
recognized as one of the most promising
structural materials for many thermo-mechanical
applications because of its excellent hightemperature strength and modulus, good
oxidation resistance, high hardness, low specific
weight and low density. The problem with
monolithic SiC is its low thermal shock
resistance, which leads to cracking and
catastrophic failure of the material [1, 2, 3]. This
can be improved by introducing a reinforcement
phase, continuous SiC fibers, to produce a
SiCf/SiC composite material [4]. This kind of
composite is being considered for a future fusion
reactor because of its low induced radioactivity
after neutron irradiation, non-catastrophic failure
mode, specific thermal conductivity and low
porosity.
In this work the surface, morphology,
topography and chemical composition of
different SiC fibers was observed and
characterized using scanning (SEM) and
transmission (TEM) electron microscope and
atomic force microscope (AFM).
The mechanical properties of SiC fibers were
measured on dynamometer Instron 5567.
Because SiC fibers exhibit a wide distribution of
diameters each fiber was optically checked to get
a reliable tensile strength data. The fibers were
glued onto paper in the shape of letter “U” to
make sure; that the presence of the creep inside
the clamps was eliminated. With special program
we can follow internal changes in material
structure during testing. A clamping length was 1
cm and a crosshead speed of 1 mm/min.
After tensile measurements all fracture surfaces
of the fibers were investigated with scanning
electron microscope. In general, fracture in fibers
initiates at some flaw(s), internal or on the
surface. Very frequently, a near-surface flaw
such as a microvoid or an inclusion is
responsible for the initiation of fiber fracture.
Surface flaws are common in SiC based fibers
because of the processing technique. Airborne
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properties of the material to some extent, the
governing parameter is crystallinity of the
material.

Densification of SiC matrix in SiC-based
composites
Aljaž Ivekovič1,2, Marko Jagodič3, Saša
Novak1,2, Goran Dražić1,2
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Due to its intrinsic properties silicon
carbide (SiC) is considered as a promising
material for high temperature structural
applications. Low neutron activation of pure SiC,
along with its high mechanical and thermal
stability make SiC a candidate material for
structural applications in future fusion reactors.
To ensure sufficient fracture toughness and
reliability of the material, SiC is proposed to be
used in the form of continuous SiC-fibrereinforced SiC composite (SiCf/SiC) [1].
Currently developed techniques for the
production of SiCf/SiC composites involve
chemical vapour infiltration (CVI) or polymer
infiltration and pyrolysis (PIP) which are very
slow and costly processes and result in an
incomplete filling of the gaps between the fibres
in the tows [2]. Therefore further attempts have
based on using ceramic routes or the so called
hybrid routes which combine different
fabrication techniques in order to achieve a
dense material.
In this work the combination of
electrophoretic deposition (EPD) and polymer
infiltration and pyrolysis, for the production of a
dense SiC matrix in SiCf/SiC composites, were
investigated. Due to the high initial density of
the EPD produced deposits (62%) only a few PIP
cycles were needed to achieve a high density
material [3]. The porosity measurements show
that after each PIP cycle the porosity was
reduced achieving ~13 % after 6 PIP cycles, with
average pore diameter of ~ 0.09 μm which
indicates that further densification is possible.
Microstructures and thermal properties of the
material were assessed and compared to the
deposits consolidated by standard sintering
techniques. Thermal conductivity of the

[3] S.G. Lee, J. Fourcade, R. Latta, A.A.
Solomon: Polymer impregnation and pyrolysis
process development for improving thermal
conductivity of SiCp/SiC-PIP matrix fabrication.
Fusion Engineering and Design 83, 2008, pp.
713-719.

deposits consolidated with PIP was
increased after each PIP cycle achieving 42
W/mK after 3 PIP cycles. The influence of
microstructure and porosity on thermal
conductivity of the material was also evaluated.
Although porosity influences the thermal
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A Low Temperature Aqueous Synthesis of
ZnO Thin Films on Glass Substrate

studied
using
spectroscopy.

Matejka Podlogara,b, Slavko Bernika,b, Jacob J.
Richardsonc
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Materials Department, University of California,
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Zinc oxide (ZnO) has generated a lot of interest
in materials science due to its diverse and useful
properties.
ZnO
is
a
wide-band-gap
semiconductor. It has a high exiton binding
energy, good optical transparency, a large
piezoelectric response and it is also
biocompatible. It is already used successfully as
a
material
for
different
applications.
Optoelectronic applications require thin films.
ZnO thin films have been grown with a variety
of vapor- and solution-deposition methods. The
hydrothermal synthesis of ZnO thin films is
usually performed at a temperature of about
150°C. In recent years, it has been shown that
thin ZnO films can be grown from an aqueous
solution at the lower temperature of 90°C. It has
many advantages, such as easier use in industry,
speed, the low cost of the materials and
equipment used and it is also environmentally
benign.
Our low-temperature aqueous growth of thin,
transparent ZnO films involves three steps. In the
first step, a Zn-acetate ethanol solution with
concentrations from 0.5 to 0.05 M was used. It
was deposited at room temperature using a spincoater on high-temperature glass slides. After the
deposition the film was dried on a hot plate to
remove the solvent. In the second step, the
breakup of the deposited film into ZnO islands
was performed with a heat treatment. The
formation of the ZnO islands was studied at
different temperatures from 400 to 900°C. The
third step, which is the growth of the ZnO film
on the substrate prepared in the previous two
steps, requires Zn-nitrate as the source of the
soluble Zn ions, a pH of 10.9 and Na-citrate. The
Na-citrate reduces the growth rate in the cdirection and enables the formation of a smooth
epitaxial ZnO film. The ZnO films were
observed with a field-emission scanning electron
microscope. The phases were identified using xray diffraction, and the optical properties were

b

Figure 1: a) Top view and b) cross-sectional
scanning electron microscopy image of ZnO thin
film on glass substrate grown in a 0.028 M Znnitrate hexahydrate solution with 0.007 M Nacitrate dihydrate for 18 hours at 90°C.
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(FIB)
nanolithography
techniques
using
[(CH3)3CH3C5H4Pt] injector to deposit platinum
contacts (Fig. 2a). For electrical measurements
four-probe DC measurements were performed to
avoid parasitic contact effects [1] using an
electronic circuit designed to guarantee and
control low current levels (I < 10 nA)
minimizing undesired fluctuations and selfheating effects. All the experiments were
performed inside a customized chamber to
control the surrounding atmosphere. I-V curves
revealed ohmic responses and low contact
resistances,
while
temperature-dependent
experiments showed a sharp drop of the
electrical resistivity above 150 °C because of the
activation
of
the
electron
conduction
mechanisms among grains inside the nanorod
(Fig. 2b). On the other hand, preliminary
measurements demonstrated a large and
reversible dependence of the nanorod’s electrical
properties as function of moisture in air. For this
reason, these devices could be used as humidity
sensors.

Template-assisted and Characterization of
Barium Titanate Nanorods
K. Žagar1*, F. Hernandez-Ramirez2, J.R.
Morante3 and M. Čeh1
1

Jožef Stefan Institute, Department for
Nanostructured Materials, Ljubljana, Slovenia
2
Catalonia Institute for Energy Research (IREC),
Barcelona, Spain
3
University of Barcelona, Department of
Electronics, Barcelona, Spain
In our work we report on the processing of
BaTiO3 nanorods by sol-gel template-assisted
method, and on structural and electrical
characterization of processed BaTiO3 nanorods.
For the electrophoretic deposition (EPD) of a
BaTiO3 sol into the anodic aluminium oxide
(AAO) template, a potential was applied
between the AAO/Al working electrode and Pt
mesh counter electrode. After deposition the
samples were dried and annealed. Afterwards,
the AAO templates were removed in NaOH
solution. Resulting BaTiO3 nanorods were
characterized by X-ray diffraction (XRD) and
scanning and transmission electron microscopy
(SEM, TEM).
TEM and electron diffraction showed that the
processed BaTiO3 nanorods are dense and
polycrystalline (Fig. 1a). The average length of
the nanorods is approximately 10-50 μm with the
diameters of single nanorods ranging from 150
to 250 nm. High-resolution transmission electron
microscopy (HRTEM) revealed that both, cubic
and hexagonal BaTiO3 polymorphs are present in
the nanorods (Fig. 1b). While the cubic BaTiO3
grains are well crystallized with very little or no
amorphous phase between individual grains, the
BaTiO3 hexagonal polymorph was never
observed as a standalone phase. Instead, the
intergrowth of more or less ordered slabs of
hexagonal polymorph within the cubic
perovskite matrix is always observed. Most
plausible mechanism for the formation of the
hexagonal polymorph is the reduction of Ti+4 to
Ti+3 resulting from the local reducing
atmosphere caused by the decomposition of the
organic components of the sol during annealing.
To study electrical properties, BaTiO3 nanorod
devices were fabricated by focused ion beam
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Figure 1: (a) Bright-field TEM image of
polycrystalline BaTiO3 nanorod grown in AAO
membrane. (b) Bright-field TEM image of a slab of
hexagonal BaTiO3 polymorph intergrown with cubic
BaTiO3.

Figure 2: (a) BaTiO3 nanorod electrically contacted
with
FIB
nanolithography
techniques.
(b)
Temperature dependence of the resistivity of a
BaTiO3 nanorod. A reverse S shape is observed above
150 ºC.
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Nanoscale Assessment of the Uniformity of
Grain-Boundary-Diffusion-Processed Nd-FeB Magnets
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Figure 1: Coercivity comparison of original and
Grain-Boundary-Diffusion-Processed magnet at
different temperatures

Nd-Fe-B permanent magnets are widely used in
different kinds of applications, especially for
electric and hybrid vehicles, where operating at
elevated temperatures is desired. In order to
increase the coercivity without sacrificing the
remanence, researchers have developed a
technique to allocate elements that produce a
large magnetocrystalline anisotropy field along
nano-sized grain boundaries, e.g., Tb or Dy, in
different forms (pure metal, oxide or fluoride).
This improvement was made by thermal
diffusion from the surface towards the centre. In
this study Tb-oxide was first deposited on the
surface of a commercially available magnet. The
next step was a heat treatment at 850°C for 10 h,
with subsequent annealing at 500°C for 1 h. This
experiment was performed in an Ar atmosphere.
The magnet was then cut with a precision wire
saw into smaller pieces and slices, and each of
them was then measured with a vibrating-sample
magnetometer. A permeameter was used to
measure the magnetic properties of a Tb-treated
and non-treated magnet at different temperatures,
which is shown in Figure 1. Since a diffusion
process is involved, the magnetic measurements
clearly show that there is a concentration
gradient of Tb. A field-emission-gun scanning
electron microscope revealed so-called “coreshell” grains, where the core represents the
Nd2Fe14B phase and the shell is a (Nd,Tb)2Fe14B
phase, which is getting thinner towards the
centre (Figure 2).

Figure 2: FEG-SEM image
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software. One segment of the periodic structure
of the sensor was analyzed. The dimensions and
material properties were selected in analogy with
those used in our prototype. The capacitance (C)
and subsequently the relative change in
capacitance were calculated from the
relationship of the applied voltage (U) and
electrostatic energy (W=CU2/2). The 2D model
describes the droplets as cylinders, and the
electrodes as square blocks endless in the third
dimension.The simulation was performed in
several characteristic moments of the droplet
impaction. (Figure 2).

In last decade the debate around nanotechnology
became a big issue. Recent epidemiological
studies (Chow & Watson, 2007) have shown that
health effects of particulate matter may be more
sensitive to number concentration than mass.
Devices for measuring the size distribution of
aerosol particles have important role for aerosol
monitoring at work places, where nanoparticles
are mass-produced as well as in a polluted
environment or for control of air in hospitals for
pulmonary diseases.
In case of condensation particle counters
(CPC), most frequently used devices, the
nanoparticles of a selected size are detected
optically after they have grown by condensation
till a sufficiently large size of droplets
(Stolzenburg & McMurry, 1991). We report a
design of counter based on measuring the change
of
capacitance of a specially developed
capacitive-type sensor.(Iskra at al., 2010).

Figure 2: Simulated and detected hits of water
droplets: a) Electrostatic energy density at three
positions of the droplet: 1,2 and 4 show the state
before and after extreme transient phenomena,
while position 3 shows the maximum crater
diameter with the extreme capacitance change.

Numerical simulations of capacitive-type
sensor for detection of nanoparticles in
aerosol
Ivan Iskra1,2, Maja Remškar1,2, Dejan Križaj2
1

In this work we would like to present the
performance of the sensor with optimization of
its geometry.
This work is financed by Center of Excellence
NAMASTE.
References:
J. C. Chow and J. G. Watson, Aerosol and Air
Quality Research 7, 121 (2007).
M. R. Stolzenburg and P. H. McMurry, Aerosol
Science and Technology 14, 48 (1991).
I. Iskra, A. Detela, M. Viršek, V. Nemanič, D.
Križaj, D. Golob, J. T. van Elteren, and M.
Remškar, Appl. Phys. Lett. 96, 093504 (2010)

Figure 1: Design of the sensor with two parallel
electrodes
and
droplets
encapsulating
nanoparticles.
The sensor consists of two separate electrodes on
a glass substrate forming a capacitor (Figure 1).
The space between the electrodes is filled with
two types of dielectric: a)kapton – to prevent the
physical contact and b)water. The sensor
employs the effect of droplet impingement on
the liquid surface.
The
two-dimensional
numerical
simulation of the sensor operation was
performed using COMSOL Multiphysics
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Figure 2: Hysteresis loops of as-deposited (a) and
annealed thin films at 400 °C (b), 500 °C (c) and 600
°C (d) for 1h in Ar + 7% H2.

Electrodeposition of magnetic Fe-Pd thin
films and nanowires
Darja Peckoa, Kristina Žužek Rožmana, Zoran
Samardžijaa, Boris Pihlarb, Spomenka Kobea

2. Nanowires:
One dimensional Fe50Pd50 nanowires were
prepared via template-assisted electrodeposition
method into self-assembled anodic alumina
templates with the pore diameter 200 nm. In this
process the diffusion is slow and kinetics is very
fast, therefore the deposition at constant potential
leads to formation of dendrite like structures,
Figure 3a. To increase diffusion the
concentration of metal up to 3 times was
increased and the dendrites-like structures were
successfully avoided, Figure 3b. However, the
nanowires were still not completely homogenous
and fully dense. To improve the homogeneity
pulse plating method was used (2). We have
investigated the number of pulses, the applied
potential- Eon, and Eoff and the time ton and toff.
With this method fully dense and homogeneous
nanowires were formed, Figure 3c.

a

Jozef Stefan Institute, Ljubljana, Slovenia
Faculty of Chemistry and Chemical Technology,
University of Ljubljana, Slovenia

b

Magnetic Fe50Pd50 based nanostructures, with an
ordered L10 structure, have attracted a lot of
attention, because of the high uniaxial
anisotropy, which makes them a promising
material for magnetic data storage applications
(1) With the electrodeposition method from the
citrate based electrolyte thin films and nanowires
were successfully synthesized.
1.Thin films:
The electrodeposition process was analyzed
using cyclic voltammetry measurements.
The
(b)
deposition of palladium starts at potential -0.6 V
measured against SSCE and at potential -0.9 V
the co-deposition of iron starts. From the
potential lower than −0.8 V there is a codeposition of hydrogen observed, which is
catalyzed by palladium and contributes to the
roughness of the surface. Fe50Pd50 thin films with
the thickness of 200 nm were deposited at -1.2 V
and then annealed in forming gas (Ar + 7% H2)
at 400 °C, 500 °C and 600 °C for 1h. The highest
coercivity was found 870 Oe for thin films
annealed at 400 °C due to the ordering into the
L10 structure observed with the XRD. Above 500
°C there was a decrease in coercivity due to the
interdiffusion (observed with XRD) and grain
growth (observed with AFM).

(a)

(b)

(c)

Figure 3: FEG-SEM images of the
electrodeposited Fe-Pd nanowires: (a) dendrite
like
structures-with
the
potentiostatic
electrodeposition at -1.5 V, (b) no dendrite like
structure after increasing the concentration of
metal for 3 times with the potentiostatic
electrodeposition and (c) homogeneous and fully
dense
nanowires
with
the
pulsed
electrodeposition.
(1)F. Wang, S .Doi, K. Hosoiri, H.Yoshida, T.
Kozushima, M. Sasadaira, T. Watanabe,
Electrochim. Acta 51(2006), 4250-4254
(2) V.Haehnel, S. Fähler, L. Schultz, H. Schlörb,
Electrochem. Commun. 12 (2010) 1116-1119

Figure 1: SEM micrographs of the
electrodeposited Fe50Pd50 thin films; (a) the
surface of the thin film and (b) the cross section
of thin film show the thickness of 200 nm.
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Functionalization of Chip Surfaces for a
Diagnostic Test System for Cancer Screening

thiol- modified oligonucleotides, and strength of
binding under PCR operation conditions.

U. Sauer (1), C. Preininger (1), B. Koger (2),
A. Brandenburg(2), L. Riegger (3) and A. Telle
(4)

This work has been performed within the FP7
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Figure 1: Fluorescence of 0.1 mg/ml Dy647BSA. on epoxy resin coated glass and zeonex
slides.

Solid supports and immobilization strategies for
probe attachment play a central role in the
development of biochip based diagnostics by
determining
sensitivity,
specificity
and
reproducibility [1]. Integration of those biosensor
arrays with microfluidics poses even higher
demands on chip materials.
Most solid phase on-chip PCRs are performed in
PCR microfluidic devices and use glass as
reactive substrate, reports on plastic substrates
are scarce. In general, oligonucleotide and
protein assays performed on SU-8 coated glass
show enhanced signals compared to respective
cyclic olefin substrates, such as zeonex [Fig.1].
Herein we present the evaluation and
characterization of surface chemistries on
polymeric supports for the integration into a
biochip for automated real time PCR used as a
point of care device for cervical cancer
screening. The AutoCast instrument consists of a
cartridge comprising a bonded optical and fluidic
chip, micro fluidics and a TIRF based biochip
reader.

Fluorescence [a.u.]
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Plastic materials (COC polymers) were
evaluated in terms of optical properties (low auto
fluorescence), functional and thermal stability
for PCR technology, chemical resistance,
compatibility with sealing by adhesive bonding
and suitability for injection molding. Plasma
activation and coating techniques were tested for
applicability in economic mass production.
Functional silanes, vinybenzyl thiocyanate-costyrol and epoxy resins [2] were fully
characterized in terms of topography (AFM),
wettability, density of reactive groups for
covalent binding of phosphorylated, amino- or
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