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Welcome!
Welcome to SLONANO 2011 at the Jožef Stefan Institute, 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.

Organizing Committee
Dragan D. Mihailović, Jožef Stefan Institute, Ljubljana, Slovenia /CENN Nanocenter
Denis Arčon, Jožef Stefan Institute, Ljubljana, Slovenia
Spomenka Kobe, Jožef Stefan Institute, Ljubljana, Slovenia/CENN Nanocenter
Irena Drevenšek Olenik, Jožef Stefan Institute, Ljubljana, Slovenia/CO POLIMAT
Majda Žigon, National Institute of Chemistry, Ljubljana, Slovenia/CO POLIMAT
Miran Čeh, Jožef Stefan Institute, Ljubljana, Slovenia
Miroslav Huskič, National Institute of Chemistry, Ljubljana, Slovenia/CO POLIMAT
Erik Zupanič, Jožef Stefan Institute, Ljubljana, Slovenia
Gvido Bratina, School of Applied Science, University of Nova Gorica
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Wednesday, 26 October

Session Title: Polymer nanocomposits and related materials
09:00 - 09:30
09:30 - 10:00
10:00 - 10:30
10:30 - 11:00

Reshef Tenne: Inorganic nanotubes and fullerene-like nanoparticles: un update,
Invited
Renato Torre: Investigations of nanoConfined Water by time-resolved linear
spectroscopy, Invited
Pierpaolo Greco: Continuous printing and laser processing of organic
multifunctional materials, Invited

Abstract
page

11
13
15

coffee break

Session Title: Polymer nanocomposits
11:00 - 11:30

Zorica Crnjak Orel: Zinc Oxide/PMMA Nanocomposites as an Efective UV
Absorber, Invited

17

11:30 - 12:00

Marica Ivanković: Organic-inorganic Composites based on Poly(methyl
methacrylate) and In Situ Generated Silsesquioxane Structures, invited

19

12:00 - 12:15

Manja Kurečič: Organic/Inorganic nanocomposite hydrogels for water treatment

12:15 - 12:30

Jerneja Godnjavec: Multifunctional nanocomposite for UV and bacterial protection

12:30 - 12:45

Franci Malin: Polyacryl-organically modified nanoclay composite for anticorrosion
application

12:40 - 14:15

Lunch break

21
22
23

Session Title: Polymer nanocomposits
14:15 –14:45

Martin Fally: Polymer nanocomposite diffraction gratings for neutrons, invited

14:45 - 15:15

Jiři Kotek: Multiscale approach to mechanical behaviour of polymeric
nanocomposits, invited

15:15 - 15:45

Jure Strle: Annealing effects on MoSI nanowires, invited

15:45 - 16:00

Sergeii M. Shelestiuk: Effective Dielectric Response in Ferroelectric Anisotropic
Nano- Suspensions

16:00 - 16:40

coffee break

16:40 – 18:00

25
27
29
31

Session Title: Poster session
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Thursday, 27 October
Session Title: Nanomagnetism (and modification)
09:00 - 09:30

Roland Wiesendanger: Computing with Atoms on Surfaces: Towards Atomic Spin
Logic Devices, invited

09:30 - 09:45

Rok Žitko: Kondo resonance line-shape of magnetic adatoms

09:45 - 10:00

Martin Strojnik: Local surface modifications of cuprates with biased AFM tip

10:00 - 10:15

Saim Emin: Fluorescence quenching of CdTe quantum dots by Pt nanoparticles

10:15 - 10:40

coffee break

Abstract
page

33
35
36
37

Session Title: Oxides (and nanostructure synthesis)
10:40 - 11:10

Michael Schmid: Ultrathin Oxides: Catalysts and Nanotemplates, invited

11:10 - 11:25

Bojana Višić: Exfoliated MoS2 nanotubes as graphene analogues

11:25 - 11:40

Petra Šutar: Low pressure synthesis of Mo2S3 nanorods and its conduction
properties

11:40 - 11:55

Katarina Mramor: Modelling of fullerene production cell

11:55 - 12:10

Kristina Žužek Rožman: Ferromagnetic Co-Pt and Fe-Pd-based nanotubes
produced via direct electroplating

12:10 - 13:40

Lunch and poster session

39
40
41
42
43

Session Title: Chemical reactions (and properties)
13:40 - 14:10

Cristina Africh: Scanning Tunneling Microscopy for the study of Chemical
Reactions at Surfaces, invited

14:10 - 14:25

Primož Kušar: EBL metallic nanowires as plasmonic routers

14:25 - 14:40

Matteo Tonezzer: Hybrid novel architecture exploiting carbon microfibers and
ZnO nanowires

14:40 - 14:55

Miha Devetak: Self-assembly of amphiphilic nucleosides on surfaces

14:25 - 15:00

coffee break

45
47
48
49

Session Title: Characterization
15:15 - 15:30

Janez Kovač: Characterization of surfaces, interfaces and thin films with XPS,
AES and TOF-SIMS techniques with high depth resolution, invited

15:30 - 16:00

Jose M. Lagaron: Electrospinning of Biopolymers: Applications, invited

16:00 –16:15

Srinivasa R. Pathipati: Time-of-flight photocurrent measurements on graphene

16:15 - 16:30
16:30 - 16:45

Marta Klanjšek Gunde: Some possibilities for preparation of diffractive optically
variable security structures and their properties
Marc R. Dusseiller: NanoŠmano vs. wetPONG - Experiences in Outreach and
Education at the BioNanoInterface

51
53
55
56
57
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Friday, 28 October
Session Title: Advance characterization techniques on nanoscale
09:00 - 09:30

Aleksey Shmeliov: Atomic resolution imaging of 2D nanomaterials, invited

09:30 -10:00

Elvio Carlino: Coherent Diffraction imaging at sub-angstrom resolution in a
Transmission electron microscope, invited

10:00 - 10:15

Ivan Iskra: Measuring of particle size distribution in air

10:15 - 10:30

Darja Jenko: Cross-sectional TEM/STEM characterization of closedcell structure
of aluminium foam

10:30 - 11:00

coffee break

Abstract
page

59
61
59
57

Session Title: Advance characterization techniques on nanoscale
Ferdinand Hofer: Advanced Electron Microscopy of Complex Nanostructures,
invited

58
60

12:15 - 12:30

Nina Daneu: Quantitative chemical analysis of interfaces on the sub-nanometer
scale, invited
Darinka Primc: Structural analysis of nanocomposite hexaferritespinel
particles using high resolution electron microscopy
(HREM)
Dejan Verhovšek: TiO2 nanoparticles and their various technological applications

12:30 - 14:00

Lunch

11:00 - 11:30
11:30 - 12:00
12:00 - 12:15

62
63
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Inorganic nanotubes and fullerenelike nanoparticles: an update
R. Tenne, Department of Materials and
Interfaces, Weizmann |Institute,
Rehovot76100, ISRAEL
This presentation is aimed at underlying the
principles, synthesis, characterization and
applications of inorganic nanotubes (INT) and
fullerne-like (IF) nanoparticles (NP) from 2-D
layered compounds. While the high
temperature synthesis and study of IF
materials and INT from layered metal
dichalcogenides, like WS2 and MoS2 remain a
major challenge, progress with the synthesis
of IF and INT structures from various other
compounds has been realized, as well.
Intercalation
and
doping
of
these
nanostructures, which lends itself to
interesting electronic properties, has been
realized, too. Recently, new core-shell
nanotubular structures, like PbI2@WS2
nanotubes, and INT-SnS2 have been reported.
Re doping of the IF and INT endow them
with interesting electrical and other physiochemical properties. Major progress has been
achieved in elucidating the structure of INT
and IF using advanced microscopy
techniques, like aberration corrected TEM
with 0.08 nm resolution and electron
tomography. Also recently, scaling up efforts
in collaboration with "NanoMaterials"
resulted in multikilogram production of
(almost) pure multiwall WS2 nanotubes
phases.
Extensive
experimental
and
theoretical analysis of the mechanical
properties of individual INT and more
recently IF NP was performed casting light on
their behavior in the macroscopic world.

applications have been realized, e.g. in the
field of medical technology, by forming selflubricating coatings which incorporate the IF
nanoparticles.
Some
new
potential
applications for these and related materials
will be discussed in the fields high toughness
nanocomposites;
catalysis;
rechargeable
batteries. Selective optical coatings which
reflect less than 2% of the light over 3001100 nm will be presented. Such coatings
may find numerous applications, among
others, in capturing the solar light for thermal
energy generation.
Keywords: inorganic nanotubes; inorganic
fullerenes
reshef.tenne@weizmann.ac.il

IF-MS2 (M=W,Mo, etc) were shown to be
superior solid lubricants in the variety of
forms, including an additive to various
lubricating fluids/greases and for various selflubricating coating. Following scaling-up
efforts, full commercialization of products
based on this technology have taken place in
the automotive, aerospace, food, machining
and other industries. New potential
11
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Over the past few years there has been a great
interest in nano-confined water with the double
aim to discover the new properties of water and
compare them with the water bulk features.
Beside the need for a better structural and
dynamic characterization, the emerging issue is
the understanding of the surface phenomena
taking place at the interfaces. Often, water is
confined in hydrophilic pores and in particular
into silica nanoporous. In such pores, the
interaction with the surfaces surely produces
modifications of the hydrogen network of the
contact layers. The present debate is at which
extent these modifications propagate inside the
pores and they turn in chemical-physical
variations of the confined water respect to the
bulk one. There is a large variety of experimental
results that appear often contradictory.
The temperature dependence of density is one
of important water parameters that has been
recently
investigated.
Neutron
scattering
experiments on water show that hydrophilic
confinement does not modify the temperature of
the density maximum (TMD), respect to the bulk
phase, and they enable the observation of a
density minimum in the supercooled phase.
Whereas, the hydrophobic confinement shifts the
TMD at lower temperature of about 17 oC and
makes the minimum disappearing. Concerning
this discussion, we will report heterodyne detected
transient grating measurements on water confined
in hydrophilic nano-porous glass (vycor 7930,
Fig. 1) down to – 75 oC. With this experiment we
are able to get the temperature of the water
density maximum by measuring the temperature
of vanishing of water thermal expansion
coefficient [1]. We found, a shift of the TMD
versus lower temperatures of 5.5 oC, differently to

References:
[1] Acoustic, thermal and flow processes in a water filled
nanoporous glass by transient grating spectroscopy. R.Cucini,
A.Taschin, P.Bartolini, R.Torre. J. Mech. Phys. Solids 58 (2010)
1302.
[2] Temperature of density maximum of water in hydrophilic
confinement measured by transient grating, A. Taschin, R.Cucini,
P.Bartolini and R.Torre. Europhys. Lett. 92 (2010) 26005.
[3]Optical Kerr Effect studies of nano-confined Water
Dynamics.A.Taschin, P.Bartolini, and R.Torre, in preparation.
[4] Structural Relaxation in Supercooled Water by Time-Resolved
Spectroscopy. R.Torre, P.Bartolini and R.Righini. Nature 428 (2004)
296.
[5] Vibrational and Relaxation Dynamics of Supercooled Water by
OKE Experiments. A.Taschin, P.Bartolini, R.Eramo, R.Righini and
R.Torre, in preparation.

Figure 1: SEM image and computer simulation of vycor 7930
surface. This porous glass: is made of 96% SiO2 , has 28% porosity
and the mean pore size is 4 nm.
-1

European Laboratory for Non-Linear Spectroscopy
(LENS), Univ. di Firenze, Italy.
2
Istituto Nazionale di Ottica (INO), CNR, Firenze,
Italy.
3
Dipartimento di Fisica ed Astronomia, Università di
Firenze, Italy.
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A. Taschin1,2, P. Bartolini1 and R. Torre1,3
1

what already reported in literature in hydrophilic
confinement water [2] (Fig. 2). In the range of
temperature no evidence of density minimum is
appearing
in
our
measurements.
We investigated the vibration/relaxation
dynamic of confined water by optical Kerr effect
[3], comparing it with the results obtained in bulk
phase [4,5]. The experimental data shows the
merging of new vibrations induced by the
confinement. In particular the full hydrated vycor
sample display a slow oscillatory dynamics that
has to be addressed to the water–surface
interactions.

Thermal expansion coefficient x10 [K ]

Investigations of NanoConfined Water
by time-resolved non-linear
spectroscopy

-1.5 °C

2
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4 °C
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αf experimental
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Figure 2: Thermal expansion coefficient of water nano-confined in 4
nm silica pores (vycor 7930) measured by transient grating
experiments. The temperature of density maximum is where this
coefficient is zero: experimental data clearly shows a shift of about
5.5 degree from confined and bulk water.
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Continuous printing and laser processing
of organic multifunctional materials
Pierpaolo Greco (1), Pietro Mattiazzi (1), Carmen
Salcianu (3), Daniele Leonarduzzi (3),
Massimiliano Cavallini (1,2), Silke Koehler (4),
Fabio Biscarini (1,2)
1 – Scriba Nanotecnologie srl, via Gobetti 52/3, 40129
Bologna
2 – CNR-ISMN Istituto per lo Studio dei Materiali
Nanostrutturati, via Gobetti 101, 40129 Bologna
3 – Johnson Matthey Technology Centre, Blount's
Court, Sonning Common, Reading RG4 9NH, UK
4 – BASF Aktiengesellschaft, 67056 Ludwigshafen,
Germany

Scriba Nanotecnologie develops products for
identification, traceability, anti-counterfeiting and
health, using innovative printing processes based
on multifunctional materials and nanotechnology
Continuous printing machinery (gravure and laser
writing) were developed and tested in order to
obtain patterning of organic materials and to
control anisotropy within the pattern, at the micro
and nanoscale.
Designs (test pattern geometry), made with
organic semiconductor or nanoparticles
formulations are provided, in order to assess the
potential use for device fabrication on flexible
substrates.
Laser scribing parameters will be correlated with
the change in morphology found after laser
exposure on thin films. Atomic force images are
commented to explain the effect on the optical
contrast, seen in birefringence or dark field
microscopy images. Modifications of charge
transport properties in organic solid state devices
are now under investigation.
Gravure printing layout, for solvent based
materials, allowed reproducible homogeneous
pattern with feature size of 20 µm, on area of 3x3
mm2, with characteristic density of Scriba's
information storage tag equal to 10 KByte/cm2.
Image analysis shows the influence of the aspect
ratio of the gravure mold, used in the process, on
the size of the polycrystalline domains of the
organic material.

15

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011

16

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011
Zinc Oxide /PMMANanocomposites as an
Efective UV Absorber
Zorica Crnjak Orel1,2
1

National Institute of Chemistry, Hajdrihova 19,
Ljubljana, Slovenia
2
Centre of Excellence for Polymer Materials and
Technologies, Tehnološki park 24, 1000 Ljubljana,
Slovenia

We studied the impact of different methods of
synthesis for the preparation of pure ZnO and
ZnO based nano particles which were used as an
additive to enhance the properties of polymer
nanocomposites. Particles were prepared via a
simple one step synthesis of refluxing an
oversaturated solution of zinc acetylacetonate
hydrate in 1-butanol, isobutanol and tert-butanol
with and without the presence of ptoluenesulfonic acid (p-TSA).We also developed a
new low-temperature synthesis of pure and
redispersable ZnO nanoparticles as well as
polymer–ZnOhybrid materials by the NaOHmediated conversion of the pre-polymerized
poly(zinc dimethacrylate) in 1-butanol. The
various preparation methods were established
with different reaction parameters, such as
concentration of initial reagents, reaction medium,
additives
and
type
of
reactor.
In the work we present the preparation of the
nano particles in batch reactors and the continuous
segmented flow tubular reactor (SFTR). Reactors
worked at different temperature, pressure and
stirring regime in order to obtain particles with a
narrow particle size distribution and controlled
shape. In batch reactor, the resulting ZnO particles
could be formed in single or two-step synthesis.
We speak about single step synthesis, when the
ZnO particles are formed directly after the
precipitation. In such synthesis, particles could
have a well-ordered crystal structure which
consists of two almost identical hexagonal parts.
In two-step synthesis in the batch reactor, first the
particles in a microspheric organization of
multilayered nanosheets of hydrozincite (ZnHC)
were obtained. After heat treatment, in a second
step, ZnO particles were formed with preserved
size and shape of the ZnHC precursor.
We present the assumed growth mechanism of
ZnO and ZnHC particles. The growth mechanism
follows the “non-classical crystallization” concept
as it was observed by the combining of the
advance in-situ SAXS method and the ex-situ

electron microscopy (FE-SEM and TEM). The
mechanism predicts the self-assembling of
nanobuilding units (5-10 nm) into larger
microstructures with prompt crystallisation. At the
same time, the growth based on the direct
attachment of ions from the solution also occurs in
minorextension.
The zinc silicate/ZnO nano particles were
prepared by two step synthesis. In the first step a
zinc silicate/Zn(OH)2 gel was synthesised at
room-temperature in the segmented-flow tubular
reactor (SFTR). The as prepared gel was than
thermally treated in the second step. The same
preparation procedure was also employed for the
synthesis of pure ZnO and zinc silicate particles.
It was found that the presence of the zinc silicate
phase significantly influenced the final particle
size, decreased the degree of crystallization and
reduced
the
UV
absorption.
Pure ZnO and zinc silicate/ZnO nano particles
were
used
for
the
preparation
of
polymer/inorganic
nanocomposites.
Most
commonly, poly(methyl methacrylate) (PMMA)
was used as the polymer phase due to its good
transparency and other favourable physical and
chemical properties. Prepared nanocomposites
were tested for UV-shielding, thermal and other
properties. The presence of a very small quantity
(0.04 wt. %) of zinc silicate/ZnO nanomaterial in
the PMMA showed sufficient UV shielding and at
the same time good transparency in the visiblelight region compared to the ZnO/PMMA
nanocomposite.
References:
1.P. Podbršček, G. Dražić, A. Anžlovar and Z. Crnjak Orel,
Mater. Res. Bull., 2011, 46, 2105-2111.
2.P. Podbršček, G. Dražić, J. A. Paramo, Y. M.
Strzhemechny, J. Maček and Z. Crnjak Orel, CrystEngComm,
2010, 12, 3071-3079.
3.M. Bitenc, P. Podbršček, P. Dubček, S. Bernstorff, G.
Drazić, B. Orel, S. Pejovnik and Z. Crnjak Orel, Chem.–Eur.
J., 2010, 16, 11481-11488.
4.M. Bitenc, G. Drazić and Z. Crnjak Orel, Cryst. Growth
Des., 2010, 10, 830-837.
5.M. Bitenc, M. Marinšek and Z. Crnjak Orel, J. Eur. Ceram.
Soc., 2008, 28, 2915-2921.
6.G. Ambrožič, I. Djerdj, S. D. Škapin, M. Žigon, Z. Crnjak
Orel, Cryst.Eng.Comm. 2010, 12, 1862–1868.
7.G. Ambrožič, S. D. Škapin, M. Žigon, Z. Crnjak Orel, J.
Colloid Interface Sci. 2010, 346, 317-323.
8.G. Ambrožič, I. Djerdj, S. D. Škapin, M. Žigon, Z. Crnjak
Orel, J. Colloid Interface Sci. 2011, 360, 370–376.
9.A. Anžlovar, K. Kogej, Z. Crnjak Orel, M. Žigon,
eXPRESS Polym. Lett. 2011, 5-7, 604-619.
10.A. Anžlovar, Z. Crnjak Orel, M. Žigon, Eur. Polym. J.
2010, 46, 1216-1224.
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Organic-Inorganic Composites Based on
Poly(methyl methacrylate) and In Situ
Generated Silsesquioxane Structures

surfaces aremore hydrophilic than PMMAand
they mayhave potential as damping materials.

Marica Ivanković, Ivan Brnardić, Hrvoje
Ivanković
University of Zagreb , Faculty of Chemical
Engineering and Technology , Zagreb, Croatia
Organic-inorganic composite materials could
provide favorable combination of properties
which can hardly be reached if only organic or
inorganic components are used. Small amounts
(several wt %) of nanometer-sized particles in
polymer matrices can considerably influence
mechanical, optical, heat-resistant, and other
properties of these systems. One of the most
common ways for nanoparticle preparation is the
sol-gel process. The inorganic nanostructures can
either be formed in situ simultaneously with
organic polymer or they can be first prepared and
then added to polymerizable monomers or to
polymer solution. The presence of covalent
bonding between organic and inorganic
components reinforces interaction between
components and improves the properties of hybrid
materials
.
In this work, new organic-inorganic composite
materials based on poly(methyl methacrylate),
PMMA, and silsesquioxane structures were
prepared by in situ bulk polymerization. The
inorganic phase was generated from 3glycidyloxypropyltrimethoxysilane (GLYMO) via
sol-gel chemistry. Poly(oxypropylene)diamine
was used as an epoxy opening agent, as basic
catalyst for GLYMO condensation and as PMMA
crosslinking agent. Chemical reactions in the
systems of different methyl methacrylate
/GLYMO molar ratio were studied by Fourier
transform infrared analysis. The high degree of
conversion of methoxysilyl groups to -Si-O-Silinkages was confirmed by 29Si NMR, Fig.1.
Composite morphology was studied by SEM.
Composite with ca. 3% of inorganic phase
(calculated as SiO1,5) showed a discrete
microstructure, Fig.2 (a), while composites with
higher amount of inorganic phase (ca. 5 and 7 %)
showed characteristic IPN morphology, Fig.2(b).
Silsesquioxane structures formed as a result of
GLYMO hydrolysis and condensation in the solgel process influences the glass transition
temperature of PMMA. The composites have
much better thermal stability than PMMA and
showed excellent solvent (THF) resistance.Their

Figure 1:29Si NMR spectra of investigated systems

(a)

(b)

Figure 2:SEM images of fracture surfaces (following uniaxial tensile
testing) of prepared composite systems. The bars correspond to
10 µm.
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Organic/inorganic nanocomposite
hydrogels for water treatment
Manja Kurecic*,**, Majda Sfiligoj Smole*,**
*Faculty of Mechanical Engineering, University
of Maribor, Smetanova 17, Maribor, Slovenia
**Centre of Excellence PoliMat, Tehnoloski park
24, Ljubljana, SLovenia

Presented research deals with the preparation of
polymeric hydrogels with organically-modified
clay particles, distributed in the gel matrix.
Hydrogels were obtained by UV polymerization
of N-isopropylacrylamide (NIPPAM) crosslinked
with
N,N`-methylenebisacrylamide
(BIS);
organically-modified montmorillonite particles (as
an active component) were included into the
hydrogel formulation. Process parameters
(particle concentration, dispersing medium,
monomer, cross-linker concentrations and drying
procedure) were varied with the aim to thoroughly
study the formation of particle-embedded
hydrogels. In addition to functional properties of
nanocomposites conditioned by the preparation
process were analysed.
Scanning electron microscopy was used to
evaluate the morphology of synthesized
composite hydrogels and to determine the
particles distribution in the matrix. Swelling
behaviour of hydrogels depends on the ratio of
cross-linker/monomer concentrations as well as
the amount of embedded clay particles and was
determined by monitoring the water uptake.
Functional properties of nano-hydrogels were
determined by organic dyes adsorption on
composites. The efficiency of dye-adsorption was
studied as a function of time and particle
concentration and was correlated to the degree of
particles’ agglomeration in the polymerized gels.

Acknowledgement
The authors acknowledge the financial support from
the Ministry of Higher Education, Science and
Technology of the Republic of Slovenia through
contract No. 3211-10-000057 (Center of Excellence
Polymer Materials and Technologies).
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Multifunctional nanocomposite for UV and
bacterial protection

J. Godnjavec1, B. Znoj1, 2, N. Veronovski3, P.
Venturini2
1

: Center of Excellence for Polymer Materials and
Technologies, Tehnoloski park 24, 1000 Ljubljana,
Slovenia, (jerneja.godnjavec@polimat.si),
2
: HELIOS Domzale, d.d., Kolicevo 2, 1230 Domzale,
Slovenia,
3
: Cinkarna Celje, d.d., Kidriceva 26, 3001 Celje,
Slovenia

UV–VIS
spectroscopy
and
accelerated
weathering. Artificial aging behavior of the
coatings was followed by color and gloss
measurements. The bactericidal activity of the
coating was studied by bacterial reduction for the
bacteria species Escherichia coli.
Depending on criteria, transparency or UV
efficiency of nanocomposite, a selection of the
nanocomposite coatings formulations for exterior
wood facades could be done. The results of
artificial weathering have shown significant
improvement in UV stability of the
nanocomposite coatings. Additional functionality
of developed nanocomposite among UV shielding
is according to the results of our study also
improved antibacterial protection.

The durability of an exterior coating can easily be
affected by several factors such as stringent
weather conditions (temperature variations,
humidity and UV- radiation). The right choice of
ingredients can improve the coating durability
tremendously. In the last decade the preparation of
nanocomposite materials such as coating with
added functional nanoparticles, has been intensely
considered due to their remarkable various
properties. Following the ongoing shift from
solventborne to eco - friendly coatings systems
our focus was the preparation of water based
acrylic nanocomposite which provides long term
resistance against natural mechanism of wood
degradation.
Nano titanium dioxide (TiO2) in rutile crystal
form and nano zinc oxide (ZnO) are usually used
in acrylic nanocomposites for improved UV
stability. Recently has been a lot of research done
on antimicrobial activity of nano ZnO.
Consequentlly multifunctional nanocomposite
with the addition of TiO2 nanoparticles in rutile
crystale structure and ZnO nanoparticles was
formulated to give improved UV resistance with
antibacterial activity and sufficient elasticity to
comply high wood extensibility. Microbial
disfigurement of coated wooden surfaces is
considered a major maintenance concern and
shortens the aesthetic service life of wooden
facades.
In this paper we report the results of our studies
on the environmental durability of a transparent
UV protective antibacterial nanocomposite.
Microstructural analysis was done by analytical
electron microscopy (AEM). The stability of
nanoparticles in multifunctional nanocomposite
was evaluated by zeta potential measurement.
Improved UV shealding was demonstrated trough
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Polyacryl-organically modified nanoclay
composite for anticorrosion application
Franci Malin1,Bogdan Znoj1, Saša Skale1, Urban
Šegedin1, Janvit Golob2,Peter Venturini1
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Polyacryl-nanoclay composites are relatively
new class of materials obtained by dispersing clay
nanoparticles in a polymer matrix. The literature
survey suggest that polymer-nanoclay composites
are of great interest of scientific and industrial
research due to 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.
Swell-ability of clays allow the usage of polymernanoclay coatings for development of smart selfhealing coatings. In general, this paper examines
last developments of nanoclay usage in coating
applications with future concepts for industrial
applications. The main focus was on different
concept developments for coatings with superior
corrosion resistance.
In present work we blend polyacryl resin with
prepared solution of organically modified clay.
Performance of intercalation of nanoclay in
polyacryl composite was shown with using by Xray diffraction and scanning electron microscopy
(SEM). The effectiveness of the developed
composites are identified by testing the
mechanical wear and other physical properties
such as anticorrosion properties and strength or
hardness of the polyacryl-nanoclay composite.

Keywords: nanocomposite, anticorrosion coatings,
nanoclay
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Polymer nanocomposite diffraction gratings
for neutrons
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Holographically
produced
gratings
in
nanoparticle- polymer composites have reached a
mature stage, see e.g. Refs. [1-3]. In these
materials the grating strength can be adapted by
the species of nanoparticles and their
concentration. The main advantages of using
composites instead of standard photosensitive
media are: the particular characteristics of the
nanoparticles, e.g., refractive index or magnetic
properties, are transferred to the bulk; the
mechanical stability of the polymer matrix is
improved [4]; thick gratings can be produced
without substantial light scattering during the
recording process [5].
Recently, we have
shown that such
nanoparticle-polymer composites are useful for
neutron-optical purposes, too. They can be
designed to serve as efficient beam splitters for
cold [6] and very cold neutrons [7], see Fig. 1.
In this talk we will discuss
(a) very recent achievements and difficulties
when employing free standing films of SiO2nanoparticle polymer gratings for very cold
neutrons (3 nm < < 7 nm),
(b) a roadmap for producing polarizing neutronoptical elements by taking advantage of
superparamagnetic
nanoparticles,
and
(c) possible applications of holographically
prepared neutron optical devices based on
polymer nanocomposites.
Supported by the Austrian Science Fund (FWF),
P-20265, the Ministry of Education, Culture,
Sports,
Science, and Technology of Japan (Grant No.
23656045) and the ÖAD (SI 07-2011).
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261109 (2009)
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[5] N. Suzuki, Y. Tomita, Appl. Opt. 46, 6809 (2007)
[6] M. Fally, J. Klepp, Y. Tomita, T. Nakamura, C.
Pruner, M. A. Ellabban, R. A. Rupp, M. Bichler, I.
Drevenšek Olenik, J. Kohlbrecher, H. Eckerlebe, H. Lemmel,
and H. Rauch, Phys. Rev. Lett. 105, 123904 (2010)
[7] J. Klepp, C. Pruner, Y. Tomita, C. Plonka-Spehr, P.
Geltenbort, S. Ivanov, G. Manzin, K. H. Andersen, J.
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(a)

(b)

(c)

Figure 1:
(a) Angular dependence of the diffraction efficiency: Beam
splitter for very cold neutrons (using the full wavelength spectrum)
(b) Diffraction pattern on the 2D-detector/pixels (using the full
wavelength
spectrum)
(c) Time-of-flight spectra at the Bragg position for l~3.6 nm neutrons
(filled symbols) & at an Off-Bragg position (empty symbols)

25

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011

26

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011

Institute of Macromolecular Chemistry, Academy
of Sciences of the Czech Republic, Heyrovsky Sq.
2, 162 06 Prague 6, CzechRepublic
kotek@imc.cas.cz
Polymeric nanocomposites derived from layered
silicates have received much attention over the
last two decades, both in industry and in
academia. A majority of nanocomposite studies
have focused on the effects of the clay surface
treatment and concentration on various aspects of
these materials. However, the knowledge of the
deformation and fracture mechanisms of the
nanocomposites is rather vague. Only few studies
have provided comprehensive reports of the
fracture
behaviour
of
the
polymeric
nanocomposites. Generally, toughness is the only
mechanical
parameter
of
polymeric
nanocomposites that is not enhanced, but even
decreased. Moreover, it seems that fracture
toughness enhancements are system-specific, and
thus no systematic predictive methodologies have
been developed.
The multiscale approach to the mechanical
behaviour is based on a combination of structure
sensitive methods with mechanical testing, which
allows to find relations between macroscopic
mechanical behaviour on one side, and molecular
and supermolecular structure on the other. In
addition to widely used X-ray scattering and
microscopical methods, a solid-state NMR is
applied in order to get information about structure
and, primarily, about dynamics of polymer
segments. This complex approach is demonstrated
on polyamide nanocomposite with layered
silicate.
The fracture behavior of different polyamide
nanocomposites varying in silicate content and
morphology was correlated with molecular
mobility of polymer segments in amorphous
phase. Two nanocomposite systems were
compared, namely intercalated and fully
exfoliated nanocomposites. While the exfoliated
structure imparts to the nanocomposite higher
stiffness and tensile strength, its contribution to
toughness is not straightforward. Toughness of
both systems expressed by the critical value of the
J-integral slightly increased by the addition of 1
wt % of the clay. In the case of exfoliated
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1 Kotek J., KelnarI., Baldrian J., Šlouf M. J Appl
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nanocomposites, toughness then decreased with
increasing clay content. For intercalated
nanocomposites, the drop in toughness was
shifted to higher clay concentration. At the same
time, the toughness is systematically higher in
comparison with exfoliated nanocomposites [1],
Fig. 1. To understand this enhancement in
mechanical properties at molecular level all the
prepared nanocomposites were subjected to a
detailed investigation by solid-state NMR.
Domain-selective techniques for assessment the
ratio between constrained and free domains in the
amorphous phase of the matrix were applied. It
has been shown, that toughness is coupled with
the amount of the rapidly relaxing component of
the amorphous phase, Fig.1. Indeed, the
dependences of the intensity of the free domains
on the silicate content and dispersion match well
the corresponding trends of fracture toughness [2].

JId [Nmm-1]

Multiscale approach to mechanical behaviour
of polymeric nanocomposites

2

3

4

5

0.0

Silicate content [wt.%]

Figure 1: Toughness, expressed by the critical
value of the J-integral, and intensity of rapidly
relaxing component, Ib, as a function of the
silicate content.
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Annealing effects on MoSI nanowires
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Mo6S9-xIx (MoSI) nanowires have been shown to
connect well to biological molecules with thiol
groups and to gold nanoparticles, which can be
used in forming self-assembled networks.
However, the conductivity of different nanowire
samples still varies widely.
By using targeted e-beam lithography and
nanoprobe to perform transport measurements we
have investigated influence of stoichiometry,
kinks, diameter, and annealing on nanowire
conductivity in temperature range from 4 to 300
K. The results of high temperature (700 °C)
annealing indicate a structural transformation of
the nanowires increasing the conductivity by
several orders of magnitude.
Since the
morphology of the nanowires remains unchanged,
we can use them as a sort of scaffold, first
arranging them as desired and then transforming
them into a more conductive form.

Figure 1: Electrodes fabricated on top of a
MoSI nanowire bundle using targeted e-beam
lithography.

29

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011

30

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011
crystal, without any apparent evidence of dissolved
particles. On the other hand the dielectric response
of such nanosuspensions is highly enhanced, in
Effective Dielectric Response in Ferroelectric
comrarison with pure liquid crystals. Furthermore,
Anisotropic Nano-suspensions
the Frederiks transition threshold voltage, which is
the key property of all the liquid crystal-based
Sergii M. Shelestiuk1, Victor Yu. Reshetnyak1 and
electro-optical devies, often exhibits a significant
Timothy J. Sluckin2
decrease in such nano-suspensions.
1
It turns out that the ferroelectric liquid
Physics Faculty, National Taras Shevchenko
crystalline colloids appear to be promising
University of Kyiv, Ukraine
2
materials for use in a non-linear optics setting.
School of Mathematics, University of
Display-oriented research programs of such
Southampton, UK
suspensions have been particularly fruitful in terms
of combining colloid science and liquid crystals.
One of the main problems in electrodynamics of
We provide a theory of this phenomenon.
heterogeneous media is calculation of a dielectric
In particular, we construct a theoretical model
response. The linear tensor factor between the
average
displacement
field
D
of
the
of the dielectric properties of a ferroelectric
inhomogeneous medium and the applied electric
nano-suspension, using a generalized Maxwellfield Eis called the effective dielectric permittivity:
Garnett picture. Inclusion shape, dielectric
D= E
susceptibility and local field effects has been taken
This quantity is the key property for dielectric
into account. Explicit expressions for effective
response in the complex media and is fundamental
dielectric functions of the discussed suspension are
to operation of many electro-optical devices.
derived. We show that the effective dielectric
The standard procedure for the description
functions for capacitance properties and for
of effective medium theories of dielectric behavior
effective colloid free energies do not coincide. We
in heterogeneous media goes back to Maxwellalso calculate the effect of doping a liqud crystal
Garnett [1] in 1904. This approach supposes that
with ferroelectric impurities on the Frederiks
these quantities can be calculated by considering a
transition. Our calculations suggest, in qualitative
single isotropic inclusion in the isotropic host
agreement with experiment, that doping a nematic
medium [2]. Other workers have considered the
liqud crystal with ferroelectric particles, even at
dielectric effect of inclusions with a permanent
very low particle concentration, can in some cases
polarization, but without including anisotropy
significantly decrease the electric Frederiks
effects [3,4] or alternatively without a permanent
threshold field.
polarization, but including anisotropy [2,5].
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The examples of ferroelectric anisotropic
colloids include polymeric nano-composite
systems and ferroelectric liquid crystal nanosuspensions. Liquid crystal-based heterogeneous
nano-colloids are of special interest, both
experimental and theoretical [6–10]. At low
concentrations, at least in some cases, these
submicron colloids appear similar to a pure liquid
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Computing with Atoms on Surfaces:
Towards Atomic Spin Logic Devices

ROLAND WIESENDANGER
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University of Hamburg, D-20355 Hamburg,
Germany

scale spin logic devices based solely on spinrather than charge-transport for realizing
computation and information transmission at the
atomic level [7].
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[2] D. Serrate, et al., Nature Nanotechnology 5, 350
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Spin-Polarized Scanning Tunnelling Microscopy
(SP-STM) provides new insight into spin structures
at a length scale and a sensitivity level which are
inaccessible
by
other
magnetic-sensitive
measurement techniques [1]. The combination of
atomic resolution in direct space, single spin
sensitivity, and high energy resolution nowadays
offers unique possibilities for probing spindependent states and interactions in natural or
artificially fabricated nanostructures [2]. The
ultimate goal has been the combination of spinresolved imaging with atomic resolution and
magnetometry at the single-atom level in order to
probe spin states and magnetic interactions of
individual adatoms and nanostructures at solid
surfaces quantitatively and in a most direct way.
This challenging goal has been achieved by
operating a SP-STM system at temperatures below
1 Kelvin and in external magnetic fields up to
several Tesla. The new method of single-atom
magnetometry with an unprecedented degree of
magnetization
measurement
sensitivity
is
applicable to metallic [3, 4] as well as to
semiconducting [5] and molecular systems [6]. The
combination
of
single-atom
manipulation
techniques and single-atom magnetometry has
recently led to the first demonstration of atomic-
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Nature Physics 4, 847 (2008). The theoretical line is not a
Lorentzian, but has logarithmic tails instead.

Kondo resonance line-shape of magnetic
adatoms
Rok Žitko
F-1, Institut Jožef Stefan
The zero-bias resonance in the dI/dV tunneling
spectrum recorded using a scanning tunneling
microscope above a spin-1/2 magnetic adatom (such
as Ti) adsorbed on a decoupling layer on metal
surface (such as Cu2N/Cu(100)) can be accurately
fitted using the universal spectral function of the
Kondo impurity model both at zero field and at finite
external magnetic field. Excellent agreement is
found both for the asymptotic low-energy part and,
more importantly, for the high-energy logarithmic
tails of the Kondo resonance, thus proving the origin
of the resonance: the logarithmic renormalization of
the effective antiferromagnetic exchange interaction.
The experimental results at zero field are sufficiently
restraining to enable an unprecedented reliability in
the determination of the Kondo temperature, while
at finite fields the results are more ambiguous and
two different interpretations of the results are
proposed.
The accuracy of the theoretical results and the high
energy resolution, as well as low noise, of the
experimental spectra are sufficient for future
quantitative studies of more involved impurity
problems, for example the role of the nonequilibrium effects in the Kondo physics.

Figure 1: Theoretical function (line) and experimental
data (symbols) for the Kondo resonance in the dI/dV
spectral function for a Ti magnetic impurity atom
adsorbed on the Cu2N layer on Cu(100) surface. The
experimental results are taken from Fig. 4 in Otte et al.,
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Local surface modifications of cuprates with
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By applying an electric bias on the
La1.975Sr0.025CuO4+δ cuprate with an AFM tip, local
modification of the surface can be noticed as a metastable change of surface potential, while topography
remains preserved. Areas of modifications can also
be spotted under scanning electron microscope.
Change in surface potential is bipolar and reversible
and can be controlled by the strength and duration of
the electric pulse. Lateral resolution of such patterns
is few hundred nanometers, while the penetration
depth only seems to be around 10 nm as found by
auger electron spectroscopy. Considering the
creation process, relaxation dynamics and
spectroscopy data, the most probable mechanism,
underlying the phenomenon seems to be oxygen
migration through crystal lattice, an effect present in
various oxside materials.
In scope of these findings a possibility of local
manipulation of superconductivity and studies of
low dimensional superconductivity in cuprates are
particularly exciting.
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Fluorescence quenching of CdTe quantum
dots by Pt nanoparticles
S. Emin, M. Valant, S. Gardonio
University of Nova Gorica, Materials Research
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Here, we present a study on fluorescence quenching
of CdTe quantum dots (QDs) and Pt nanoparticles
(NPs). The interaction between 3-mercaptopropionic
acid (MPA) capped CdTe quantum dots (QDs) and
mercaptosuccinic acid (MSA) coated Pt
nanoparticles (NPs) in aqueous environment were
studied by absorption, steady-state
photoluminescence and transient photoluminescence
spectroscopy. Photoluminescence data revealed the
presence of static type of quenching mechanism in
the binding of QDs and NPs. The binding constants
(Ka) between CdTe QDs and Pt NPs were obtained
according to the modified Stern-Volmer equation.
The luminescence quenching mechanism was
attributed to a photoinduced electron transfer from
CdTe QDs to Pt NPs, which was evidenced from the
negative free energy change (∆G). The size
dependent optical properties of semiconductor QDs
and metal NPs make an interesting case to exploit
their role in light induced chemical reactions.
Understanding of the mechanism of photoinduced
electron transfer between unlinked QDs and metal
NPs could allow us to study the possibilities for
photocatalytic water-splitting reactions.
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Ultrathin Oxides: Catalysts and Nanotemplates
Michael Schmid
Institute of Applied Physics, Technische Universität
Wien, Vienna, Austria
In recent years, surface science has seen significant
progress in understanding the structure and
reactivity of ultrathin oxides on surfaces. Modern
methods such as scanning tunneling microscopy
(STM) and surface x-ray diffraction at synchrotron
radiation sources, together with ab-initio calculations have provided the basis for understanding
the structures and properties of these surfaces. The
talk will focus on two topics in the field of ultrathin
oxides, (i) surface oxides on the late transition
metals [1] and (ii) ultrathin oxides of metals with
high oxygen affinity.
Since the pioneering works on RuO2/Ru(0001)
[2] and Pt(110) [3], it has become increasingly clear
that catalytic processes like CO oxidation often
happen on an ultrathin oxides, not on the bare metal
surface of a catalyst. Whereas surface oxides on
palladium surfaces have a mixed Pd-O termination
[4,5], allowing for the reactants to bind to both
species, surface oxides of Rh are oxygen terminated
[6], which should make them unreactive at first
glance. It was shown that reactions with these
oxides can easily occur at defects and boundaries,
however [7]. Studies of vicinal (stepped) surfaces,
which are a model for nanoparticles in industrial
catalysts, have unveiled the existence of 1-dimensional [8] and even 0-dimensional oxides, which are
expected to be very active in oxidation catalysis.
For more reactive metals, in initial oxidation
usually results in thick and disordered oxides, not
accessible for atomic-scale STM studies. Alloys of
a reactive metal with an unreactive one are an
exception; highly ordered oxide films can form if the
reactive metal is liberated only slowly from the
alloy. The best known examples of such oxide
films are ultrathin alumina films on NiAl alloys;
nevertheless it took almost two decades until the
first successful structure determination of such a
film by STM and density functional theory [9], and
it was later found that many other alumina films
share the same structure [10,11]. A particularly nice
example of an ultrathin alumina film is that on
Ni3Al(111): The film has regularly spaced holes
(Figure 1) [12], which can trap certain metal atoms
and thereby acts as a template for growing highly

ordered arrays of metal clusters [13]. We have also
demonstrated growing ultrathin zirconia surfaces by
oxidation of an alloy. A common motif of these
well-ordered films is the oxygen termination. As
soon as the oxide film has formed, O2 cannot
dissociate on this surface: oxidation is self-limiting.
Further oxidation can be achieved only by atomic
oxygen, e.g. by oxygen dissociating on metal
particles deposited onto the oxide and spilling over
onto the oxide [14].
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Figure 1: STM image of an ultrathin alumina film on
Ni3Al(111), with the calculated positions of the O atoms
superimposed at the right. A model of the hole in the oxide is
shown below.
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In recent years, significant progress has been made in
exfoliating graphene directly from graphite, which is
supposed to produce samples with fewer defects [1].
Also, preparation of single molecular layer of MoS2 out
of the crystalline 2H-MoS2 has been reported in 1986
using intercalation of lithium [2], which was the first
exfoliation of a layered semiconductor, and it was
followed by the exfoliation of WS2. Exfoliation via
other solventsand cleaving processeshas been reported
recently [3], but, until now, there have been no reports
on the attempt to exfoliate transition-metal disulphide
nanotubes, which can give the thinnest flakes possible.
The main reason why the nanotubes are used for
exfoliation is that they are already partially exfoliated
with gaps between the co-axial cylinders. The tubes
contain a high concentration of defects, which cause
appearance of donor states needed as a driving force
for intercalation. Besides, curved geometry is found
partially preserved after exfoliation preventing
restacking.
Nanotubes used for exfoliation are provided by
Nanotul Ltd and synthesized according to [4].
Optical properties of this unique graphene analogy,
obtained by means of Ultraviolet-Visible Spectroscopy
will be presented, as well as results of scanning
electron and transmission electron microscopy, atomic
force microscopy and x-ray diffraction.
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Molybdenum disulphide (MoS2) is an industrially
important compound recognized especially for its
excellent dry lubrication properties1. In addition it
possesses interesting electronic and optical
properties combined with chemical inertness
giving it potential particularly for use in future
energy related applications.
MoS2 can be prepared in the form of nano-scale
structures making it possible to exploit the usefull
properties of the material in finely focused,
resource efficient ways. The use of MoS2
nanoparticles for lubrication was shown to be
effective2, however the rapid deterioration of the
nanoparticles under mechanical stress has
indicated the need to develop composites where
MoS2 is embedded in a suitable matrix. Of
particularly interest is the use of multiwalled
MoS2 nanotubes (MoS2-NT) that enable
lubrication through gradual exfoliation.3
Up to date the only reported MoS2-NT polymer
nanocomposites have been prepared with isotactic
polypropylene where the effect of MoS2-NT on
polymer crystallization was studied.4
In our study we explored the preparation of MoS2NT composites with high performance polymers:
polyvinylidene fluoride (PVdF), polyimide (PI),
and polyetheretherketone (PEEK). Different
approaches were used for the preparation of
composites: PVdF and PI based composites were
prepared by solution casting using a doctor blade
or by ultra-spin casting. PEEK based composites
were prepared by heat bonding of a powder
coating.
MoS2-NT were successfully dispersed in DMF
solutions of PVdF and PI to provide stable
dispersions with 0.5 - 2% which were used for
thin layer casting. By doctor blade casting self-

standing layers of 50 - 100 µm thickness were
obtained. Optical microscopy showed MoS2-NT
were homogeneously distributed. Electron
microscopy showed the immersion of nanotubes
in the polymer matrix with indications of good
adhesion. The structure of the matrix prepared in
this way is only lightly porous (Figure 1). The
water contact angle was 74o.
Ultra spin casting at 7000 – 10000 rpm gave very
thin coatings with thicknesses below 10 µm. The
combined effect of the thin layer and extreme
forces resulted in a homogeneous super-porous
polymer matrix structure with a particular semicrystalline structure dominated by the β-PVdF
phase. Electron microscopy showed that
nanotubes were homogeneously distributed and
well anchored in the structure. All obtained
coatings were extremely hydrophobic (contact
angles 141-147o) which is attributed to the use of
a fluorinated material augmented by the specific
microstructure. Tribological testing of the layers
prepared by a doctor blade showed a 15%
reduction in friction with respect to pure PVdF
coatings. With post- casting heat treatment of the
spin cast layer at 120oC the super-porous structure
was lost and a much more compact matrix was
obtained with the dominant α- PVdF phase.
Our results show that MoS2-NT forms
homogeneous composites with high-performance
polymers suitable for demanding applications.
The composites show promising hydrophobic and
tribological properties.
References:
1. M. Tagawa, M. Muromoto, S. Hachiue, K. Yokota,
N. Ohmae, K. Matsumoto, M. Suzuki, Tribology Lett.
2005 18(4) 437.
2. J. Tannous, Tribology Letters 41 55-64 2011.
3. M. Remskar, M. Virsek and A. Mrzel, Apply. Phys.
Lett. 2009 95 133122.
4. M. Naffakh et al. J. Phys. Chem. B 2011, 115, 2850.

Figure 1: MoS2 nanotube / polyvinylidene fluoride superporous composite prepared by spin casting
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One of the most effective techniques to synthesize
fullerens and nanotubes is to vaporise graphite based
electrodes in a low pressure inert gas atmosphere. To
comprehend the process of the fullerene formation,
reduce the cost of the material and improve the
efficiency of the production technique, a better
understanding of the nucleation and growth of carbon
clusters is necessary. The nucleation and growth
mechanisms are approximated by chemical kinetics
model that is strongly coupled with a mathematical
model which describes the physical behaviour of nonequilibrium plasma.
The growth mechanism is proposed for a two
dimensional axial symmetric reactor chamber. The
reduced chemical kinetics model applied for this
purpose consists of 18 chemical reactions and 7
reacting carbon species for fullerene formation and
additional 50 reactions and 20 species for nanotube
formation. The interactions between species in the
model are described by Arrhenius temperature relation,
rate of progress and reaction rate equations. The
equations of chemical kinetics model are strongly
coupled with the governing equations of the
mathematical model (continuity equation, momentum
conservation equation, species conservation equation
and
energy
conservation
equation).
Chemical kinetics model is used to explain the
formation of carbon clusters and the mathematical
model describes the dynamics of species in fullerene
production cell. The proposed chemical kinetics model
accounts for the concentration and mass fraction of
reacting species, whereas the mathematical model
explains the behaviour of mass, velocity and
temperature as well as the distribution of species in the
production cell.
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Figure 1: Carbon mass fraction.
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The equations of suggested chemical kinetics model
are solved with Euler’s method and the governing
equations of the suggested mathematical model are
solved with a Local Radial Basis Functions Collocation
Method (LRBFCM), structured on multiquadrics radial
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Equiatomic, ordered L10 Co-Pt and Fe-Pd systems are
very promising as magnetic storage media and for
micro- and nano-electro-mechanical systems (MEMS
and NEMS). MEMS and NEMS devices, for example,
often require the integration of high-performance
actuators. Ferromagnetic shape-memory alloys (e.g.,
Fe70Pd30) represent an interesting class of materials,
since reversible strains of several percent can be
achieved via an austenite-to-martensite phase
transformation in moderate fields of below 1T.
Co50Pt50-based nanotubes with diameters of 200 nm
and lengths 2 µm were prepared via template-assisted
electrodeposition into high-aspect-ratio polycarbonate
membranes. Tubular nanostructures were obtained
directly, without any pore-wall functionalization.
Angular-dependence measure-ments of the coercivity,
where the hysteresis loops were measured as a function
of the angle (θ) of the applied demagnetizing field,
revealed a combination of magnetization-reversal
mechanisms. The curling mechanism was found to
dominate at low angles, with a transition to coherent
rotation at high angels in dependence of the tube wall
thickness and the external diameter [1,2]. After the
thermal treatment, the highest obtained coercivity was
HC= 676 kA/m, and was attributed to the
transformation of the fcc structure to ordered fct
structure, which makes these materials interesting for
advanced electronic and magnetic devices, as patterned
magneto-recording media.

annealing temperature due to the L10 ordering was also
investigated. For this purpose the as-deposited
nanotubes were annealed at temperatures from 400 ºC
to 650 ºC for 1 h in Ar+7% H2 and the phase
formation, the microstructure and the magnetic
properties were analysed. A maximum in the coercivity
of 135 kA/m was achieved upon annealing at 550 °C.
Fe70Pd30-based tubular nanostructures (diameter 200
nm, length 1µm) were also synthesized and
successfully functionalized with a model drug,
paracetamol. The proposed type of release; with an
initial burst and a slower release of the remaining drug
could be suitable for applications where a fast action is
required, which then has to be maintained for a certain
time period.
References:
[1] X-F. Han, S. Shamalia, R. Sharif, J-Y Chen, H-R. Liu, DP. Liu, Adv. Mater. 21 (2009) 4619-4624.
[2] R. Sharif, S. Shamalia, M. Ma, L. D. Lao, R. C. Yu, X. F.
Han, M. Khaleeq-ur-Rahman, Appl. Phys. Lett., 92 (2008)
032505
Figure 1: FEG-SEM micrograph of the Fe-Pd-based
nanotubes potentionstatically deposited for 900 s at -1.5 V
after removal of the PC template. A higher magnification
micrograph of a single nanotube is shown in top left corner.

Near-equiatomic
Fe-Pd-based
nanotubes
with
diameters of 200 nm and lengths of 1-2 µm were
directly electrodeposited. The as-deposited Fe50Pd50
tubes had an fcc crystal structure and were
magnetically soft (Hc≈10 kA/m), with the easy axis of
the magnetization being parallel to the axes of the
tubes. Angular-dependence measurements revealed a
combination of magnetization-reversal mechanisms,
consisting of the curling mechanism, which dominates
at low angles, with a transition to coherent rotation at
angles ≥70 °. The development of the coercivity with
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Scanning Tunneling Microscopy for the
study of Chemical Reactions at Surfaces

Figure 1:Selected frames from an STM movie
acquired during exposure to hydrogen of an oxidized
Rh (110) surface.

Cristina Africh
IOM-CNR Laboratorio TASC, Strada Statale 14
km 163.5, Basovizza, I-34149 Trieste (Italy)

Scanning Tunneling Microscopy has a unique
potential as a tool for determining the elementary
steps of surface reactions at an atomic scale. In
this talk, the capability of unravelling reaction
mechanisms by acquiring STM movies while
exposing a surface to reactive gases is highlighted
through selected examples.
For a full comprehension of the observed
dynamics, the STM images are complemented by
data from other experimental techniques and
results of ab-initio calculations, until a clear and
consistent picture is obtained.
As will be pointed out by a clear example, the
range of accessible dynamics and the
interpretation of the results are affected by the
time resolution of the STM movie. For this
reason, our experimental STM-based tools have
been recently extended with the development of a
FastSTM module for the study of surface
dynamics with high temporal resolution.
References:C. Africh and G. Comelli, J. Phys.:
Condens. Matter 18, R387 (2006); F. Esch et al., Rev.
Sci. Instrum. 82 053702 (2011).
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EBL metallic nanowires as plasmonic routers
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Small metallic structures can sustain confined
electromagnetic fields at optical frequencies in
dimensions smaller than wavelength of light in
vacuum. This is possible through coupling of
electromagnetic field and collective motion of
electrons. Quanta of this field are called surface
plasmons (SP). This is especially interesting since
it has been shown that metallic nanowires can
sustain travelling SP [1] showing a possibility to
transfer energy and information using light at
optical frequencies in dimensions bellow
diffraction limit.

lengths are approximately 2-3 times shorter than
in synthesized silver NW. This still proves to be
sufficient for construction of plasmonic networks
by EBL (Fig. 1).

References:
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(2005)
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[3]

H. Wei, Nano Lett., 471-475, 11, (2011)

[4]

M. Allione,et al., Nano Lett., 31-35, 8 (2008)

So far most of the research of plasmonic networks
has been done by the use of chemically
synthesized silver nanowires assembled by
manipulation. This way beam splitters [2] and
even simple logic gates [3] have been
demonstrated.
We studied plasmonic properties of metallic
nanowires produced by chemical synthesis and by
electron beam lithography (EBL). Chemically
grown nanowires have longer plasmon
propagation length because of better conductivity
and surface flatness, but the EBL structures have
the advantage in precise positioning and in
virtually arbitrary shape. EBL gives us a
possibility to create complicated plasmonic
networks.

Figure 1: Optical image of PCW plasmon splitter
excited with a focused laser beam (wavelength 750
nm) on the left side with transmitted and scattered
plasmon light on the right. Insert is an electron
micrograph of equal structure (silver, width 150 nm,
height 60 nm). Scale bar represents 5 µm.

If white light is used to excite travelling SPs on
one end of the metallic nanowire oscillations are
observed in spectra of light scattered (transmitted)
from the other end. This can be described with
nanowire
as
a
plasmonic
Fabry-Perot
interferometer [1]. Measuring the spectra and by
the use of Fourier transform method as discussed
by Allione et al. in [2] we were able to determine
the propagation length and group velocity of SP in
different kind of metallic nanowires. For silver
EBL structures measured values of propagation
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Since the first work of Seyama[1], many scientists
investigated the sensing properties of different
metal oxides for different gases, trying to find the
best materials and architectures. Among the
various oxides studied, zinc oxide (ZnO) is one of
the most common materials used as a gas sensor
due to its high change in electrical resistance, as
well for its stability, safety and biocompatibility.
Recently,
quasi
one-dimensional
(1D)
nanostructures, such as nanowires, nanorods,
nanobelts and nanotetrapods have been reported to
show even higher responses compared with those
of bulk or thin film based sensors. Their higher
response is clearly due to their expressive surfaceto-volume ratio[2Error! Bookmark not defined.].
Metal oxide nanostructures have been grown via
many physical [3] and chemical techniques to
investigate the influence of deposition parameters
on their shape and properties.
Zinc-oxide (ZnO) nanowires are integrated onto
carbon micro-fibers using electrochemical
deposition and thermal oxidation. This hybrid
architecture is then used as a versatile resistive
(oxidizing and reducing) gas sensor. This
approach is attractive because it permits to
achieve mechanical flexibility, low cost and largearea fabrication.
The hierarchical structure (nanostructure of the
zinc-oxide nanowires on microstructure of the
carbon fiber) gives the ZnO-C sensor a huge
surface/volume ratio and very fast response a
recovery times. Furthermore, the ZnO nanowirescarbon microfiber sensor is very simple to be
fabricated, has a very low power consumption
(less than 0.6µW) and is manufactured without
any expensive lithographic process. The sensor
exhibits fast response and recovery times both for
oxygen and hydrogen: (10s and 12s for O2, and 8s
and 12s for H2, respectively), low limit-ofdetection (2 and 4 ppm, respectively), very good
reproducibility and stability.

Moreover, the carbon microfiber is as flexible as a
fabric is, making the sensor usable in applications
where flexibility is required. This architecture can
be expanded to other metal oxide nanowires
(CuO, Fe2O3…) widening the range of detected
gases. We therefore believe that the hybrid
integration of metal oxide nanowires with carbon
microfibers has the potential for being the next
generation of simple and low cost sensor devices.
This work was financially supported by the
Fondazione CARITRO Project ODINO.

Figure:
Left: dynamic response of a device to O2 and H2
Right: SEM images of
•
the C microfiber before deposition,
•
the nano-on-micro ZnO-C architecture
•
a zoom of the hierarchic ZnO nanowires
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We investigated surface organization of
lipophilic guanosine (G) [1], adenosine (A), cytidine
(C) and thymidine (T) derivatives with variable number
(1-3) of 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,A,C,T),
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 G-derivatives 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 G-derivative
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.
The surface pressure-area isotherms of the
Langmuir films of A-derivatives show very irreversible
behaviour, regardless of the number of attached
alkanoyl tails. The amphiphilic guanosine derivatives
proved to have larger area per molecule of the
interaction on the air-water interface than the
amphiphilic adenosine derivatives with the same
number of alkanoyl groups. In LB-films, the Aderivatives 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 disability of A-derivatives to form hydrogen
bonding between specific molecular parts [2].
The amphiphilic guanosine derivatives have proven to
have different behaviour in Langmuir films and tend to
form more regular structures when transferred to solid
substrates in comparison to other nucleosides. The
most homogeneous films are formed by the

dG(C10)2and that is why this derivative has the most
potential to be utilised in molecular electronics. The
GACE(C10) form ribbon-like structures which are in
agreement with the form factor predictions. The
G(C10)3 derivative form larger structures of irregular
shape which is again predicted by the form factor
calculations. The number of alkanoyl groups influences
the surface interaction area in all nucleoside cases
which was demonstrated by comparing areas per
molecule amongst the derivatives. The mixed surface
Langmuir films with complementary base pairs exhibit
combined properties of both derivatives [2].
References:
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Čopič, I Drevenšek-Olenik, Applied Surface Science 256,
(2010) 2038-2043.
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Figure 1: 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.

Figure 2: Atomic force microscopy images of GACE(C10)
(left), dG(C10)2 (middle), G(C10)3 (right) derivatives deposited
on cleaved muscovite mica surface with cross-sections along
the selected lines given below. 10 µm x 10 µm area is shown,
and z scale between 0 an 10 nm is displayed [2].
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Precise characterization of surfaces, thin films,
multilayers and various nanostructures is
necessary for production of modern and advanced
microelectronic devices, sensors, thin coatings etc.
The X-ray photoelectron spectroscopy - XPS,
Auger electron spectroscopy - AES and time of
flight secondary ion mass spectroscopy - TOF
SIMS have been widely used to characterise
surface and subsurface chemistry due to very high
surface sensitivity of only few nm. Electron
spectroscopic techniques like XPS and AES
provide information on surface composition,
chemical bonding of surface atoms and electronic
properties at surfaces. In addition TOF SIMS
technique yields very comprehensive information
about chemical structure at surfaces. In
combination with ion sputtering these techniques
can give also information on the depth distribution
of elements in subsurface region and thin films
with a accuracy of few nm. In this way precise
characterization of phenomena at internal
interfaces in thin films like diffusion, interfacial
reactions, atomic mixing etc. can be followed. In
our laboratory we have more than thirty years
long tradition in high resolution AES/XPS depth
profiling. In this presentation some typical
examples of application of XPS, AES and TOFSIMS techniques for surface analyses and depth
profiling will be presented. The internal interfaces
in the AlN/TiN and Al/Ti inorganic thin
multilayers after irradiation by high energy Ar
ions will be discussed. Beside this an example of
the air-plasma deposited siloxane thin coatings on
the paper substrate will be shown. Also an
overview of a new TOF-SIMS instrument at our
laboratory will be given.
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spinning processing technique making use of
biopolymers and biopolymeric blends will be
reviewed (1-10). These include examples in which
new antimicrobial nanostructured fiber mats with
strong biocide efficiency were successfully
developed, as well as nanostructured systems for
bone implant interfaces with significant
bioactivity, antiinflamatory and antibiotic
properties and also novel nanoencapsulation of
active and bioactive food ingredients.
References:

Looking genuinely at nature, nanofibers often
serve as a basic platform where either organic or
inorganic components are built upon. For
instance, cellulose nanofibers would represent the
building block in plants while collagen nanofibers
in the animal body. The fiber structure exhibits,
from a structural point of view, the certain ability
to transmit forces along its length and, thus,
reducing the amount of materials required. While
strong enough for their designed purpose,
nanofibers have the added advantage of giving
high porosity to the natural supports which allows
faster diffusion of chemicals to the inner structure.
To follow this extraordinary nature’s design, a
process that is able to fabricate fiber
nanostructures from a variety of materials and
mixtures is an indispensable pre-requisite. Control
of the nanofibers arrangement is also necessary to
optimize such structural requirements.
Electrospinning is a physical process used for the
formation of ultrathin fibers by subjecting a
polymer solution to high electric fields. At a
critical high voltage (5-25 kV), the polymer
solution droplet at the tip of the needle distorts
and forms a Taylor cone to be ejected as a charged
polymer jet. This stretches and is accelerated by
the electrical field towards a grounded and
oppositely-charged collector. As the electrospun
jet travels through the electrical field, the solvent
completely evaporates while the entanglements of
the polymer chains prevent it from breaking up.
This results in the ultrathin polymer fibers
deposition on a metallic collector to habitually
assemble the fibers as non-woven mats.
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Since the electrospinning is a continuous process,
fibers when winded can be as long as several
metres or even kilometres. The formed fibers are
not only ultrathin and relatively large in length but
also fully inter-connected to form a threedimensional network.
The current paper will highlight some recent
advances carried out within our research group in
which various applications of the high voltage
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Time-of-flight photocurrent measurements
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Graphene, a single atomic layer of carbon atoms
in a hexagonal network, has drawn significant
attention with its unusual electronic properties
including high charge carrier mobility of around
200,000cm2/Vs as well as being optically
transparent in the visible region [1]. In our study,
we examine time-of-flight (TOF) measurements
of graphene on sapphire substrates that are
transferred from copper foils [2]. The change of
electron transport properties in the dependence
range of 4.96-5.9eV was studied by varying the
applied electric field strength [3]. The sample
structure included coplanar Al electrodes that
were evaporated onto the graphene surface and
used to apply an electric field [4]. At room
temperature, the transit time and the photoinduced
charge carrier mobility depends on the incident
photon energy and on the applied electric field
strength. We associate this observed dependency
with the presence of disorder induced trap states
that become populated by high energy
photoinduced carriers.

Fig. Logarithmic plot of photocurrent vs time for
different excitation energies at a constant applied
voltage of -100V.
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Relatively simple and easily accessible printing
technologies enable well educated professional
counterfeiters to make good fakes that are not
discovered easily. Because of that better and
better protection of various documents,
trademarks and valuables against forgery is
needed and new security elements have to be
produced.
Optically variable devices (OVD) are among the
most important elements that could protect against
forgery. The majority of these security elements
consist of a diffraction grating which is embossed
in a suitable material. Such a diffractive optically
variable image device (DOVID) enables clearly
identifiable optical features, which are possible to
recognize by necked eye at a suitable illumination.
The diffractive elements that have only
diffractions of lowest order are practically
impossible to be forged using any of modern highresolution copy or scanning machines [1]. If these
elements are prepared as a semitransparent
overlayer, the protection of the information
underneath is regarded to be the highest possible
[2,3].
Microstructure and appearance of metalized and
semitransparent commercially available DOVID
elements were analysed. The confocal microscope
Zeiss Axio CSM700 and the Taylor-Hobson
Talysurf profilometer were applied for
observation of the diffraction structure, and the
spectrogoniometer MA98 (Gretag Macbeth) for
colour appearance. The connection between the
diffraction period and the colour of diffracted
light in the plane of incidence was analysed [4].

A simple diffraction structure of the master
original for DOVID was prepared by standard
photolithography used in microelectronics, and by
the UV laser lithography. For this purpose a thin
layer of UV-active photoresist was illuminated
trough a special mask or micro-structured by
focused UV laser beam. After dissolving the
unexposed pattern the diffraction grating structure
was formed. Its structure was replicated by
electroforming. The structure of diffraction
gratings on both originals and replicas were
analysed.
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Introduction
The scientific and technological endeavours currently
being conducted on the scale of a few nanometers have
led to a merging of disciplines from biology, physics,
material
science
and
engineering.
At
the
nanometerwide interface of technological artefacts to
living systems various phenomena occur that needs a
broader approach for understanding, manipulation and
utilization. To be able to conduct such transdisciplinary
research projects new ways of communication and
collaboration are now being established, which also
need to be founded on new methods in education for
young scientists. While these future hybrid-devices are
being promised to lead to magnificent improvements in
the quality of life, sustainability or market potential,
they also raise fears and misconceptions in the general
public. We will try to conclude from personal
experiences in the framework of the hackteria network
(1) and in educational projects with students in life
sciences, game-designers, artists, hackers and children,
how these issues can be approached. During these
transdisciplinary collaborations we have developed
new concepts, which include hands-on, interactive
experimentation combining technology and living
systems, methods of cultivating creativity across
disciplines and public dissemination of Bio- and
Nanotechnology.

The temporary lab was located in the city centre of
Ljubljana, Mestni trg 15, and pulled out of the
traditional gallery environment in order to bring group
exploration closer to accidental visitors; we believe the
world of nanomaterials is a topic that could and should
interest everyone (1).
wetPONG
wetPONG, Platform for Hybrid-Games, Micro- and
Nanotechnology and Life Sciences, introduces a
creativity approach to project based learning (PBL) in
microfluidics using a game concept, inspired by
computer games, and the use of open-source software
and hardware. It has started during a semester course,
WS08/09, for the bachelor in life science technologies
at the University of Applied Science Northwestern
Switzerland (FHNW).
Project based learning is an approach for classroom
activity that emphasizes learning activities that are
long-term, interdisciplinary and student-centered (2). It
can best be defined as instruction relating questions
and technology relative to the students everyday lives
to classroom projects. Students form their own
investigation of their own group, which allows them to
develop valuable research skills. The students engage
in design, problem solving, decision making, and
investigative activities. It allows students to work in
groups or by themselves and allows them to come up
with ideas and realistic solutions or presentations.
Acknowledgements: Stefan Doepner, Boštjan
Leskovšek, Aleš Loren, Borut Savski, Andrej Meglič,
René Bauer, SGMK, Janos Vörös, Sung-Sik Lee, Uwe
Pieles, hackteria network, Yashas Shetty, Martin
Willeke, Sandra Sajovic, Marcus Textor, Erik Zupanič
References:
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NanoŠmano - Šmall Matter
In the second edition of the ‘NanoŠmano’ project (the
first phase, dubbed ‘NanoŠmano, NanoPunk and the
Hacking of Future’, was presented at Kapelica Gallery
in September 2010) we were starting a new
investigation into the physical and aesthetic potential of
various materials at nanoscale. The workshop,
featuring artists, hackers and scientists, aimed to
present the potentials of creative use of nanomaterials
in critical and playful artistic processes. It offered an
interesting opportunity for visitors to go hands-on with
the
mythologised
and
mystified
field
of
nanotechnology as it leaves the shrines and bunkers of
technology labs, and get a sense of scale, which is
increasingly becoming an invisible layer in which our
bodies are wrapped.
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Atomic resolution imaging of 2D nanomaterials
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Over the past two decades the
development and advancement of the aberrationcorrected
electron
microscopy
provided
researchers with a powerful characterisation
technique capable of sub-angstrom resolution [13]. This has made it possible to distinguish
structural features with atomic scale resolution
and correlate them with the physical properties of
the material [4].
In this work, we intend to show suitability
of the aberration corrected annular dark field
(AFD) scanning transmission electron microscopy
(STEM) for the structural studies of the novel
inorganic 2D nanomaterials, hexagonal boron
nitride (hBN), molybdenum disulfide (MoS2), and
tungsten disulfide (WS2), produced via liquid
phase exfoliation in isopropanol [5]. The focus of
the study is the stacking variations in the 2D
nanostructures. The case of WS2 looks particularly
interesting because the dominant stacking
sequence observed in 2D nanostructures differs
from the bulk stacking (Fig. 1). Additionally, it
will be shown that aberration corrected ADF
STEM allows detection and in certain cases
identification of the adatoms, substitutional
defects, and vacancies. Supporting experimental
evidence for this study comes from aberration
corrected high-resolution transmission electron
microscopy (HRTEM) and electron diffraction.

Figure 1: ADF STEM image of 2D WS2. Only
tungsten columns are resolved. It can be seen that
tungsten atoms are stacked on the top of each other.
Such stacking doesn’t exist in the bulk material.
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electron microscope
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Here we describe a new TEM-based
coherent diffraction imaging (CDI) method to
achieve sub-ångströmresolution in lattice images
of nanoparticles. The experiments were performed
by using a TEM/STEM JEOL 2010F UHR
(objective lens spherical aberration coefficient of
(0.47±0.01) mm) with resolution at optimum
defocus of 0.19nm and equipped by Schottky
cathode. The experiments for CDI require the
acquisition of HRTEM image and diffraction from
the same region of the sample illuminated by a
coherent electron probe. The experimental nanodiffraction must be recorded with the beam
coherence length larger than the region to be
imaged according to the oversampling
requirements [1]. A new efficient iterative phase
retrieval algorithm [2] based on pioneering work
of Gerchberg and Saxton [3] has been developed
and successfully applied. Figure 1 is an example
of phase retrieval of a TiO2 particle at a resolution
of 70 pm that allows to distinguish the O atoms
appreciating subtle alterations in the unit cell
structure of the nano-crystals, which would not be
otherwise detectable by conventional HRTEM.
Such structural deviations could be at the origin of
peculiar
size-dependent
physical-chemical
properties of the concerned oxide material in the
nanoscale regime [2].

Figure 1:a) HRTEM image of a TiO2 rod in
[100] zone axis;b) Combination of the FFT of a)
with the n-ED pattern of the relevant rod
subtracted from the contribution of the
amorphous carbon substrate;c) Magnified view of
the HRTEM image contrast in a);d) Retrieved
image, the rectangular box is the TiO2 in [100]
projection (blue: O atoms, red: Ti atoms).

1 W.J. Huang, J.M. Zuo, B. Jiang, K.W. Kwon, & M.
Shim, Nat. Phys. 5 (2009) 129-133
2 L. De Caro, E. Carlino, G. Caputo, P. D. Cozzoli &
C. Giannini, Nature Nanotech.5 (2010)
3 R. W. Gerchberg & W. O. Saxton Optik 35 (1972)
237-24
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Nowadays, almost any product, process or
action have a slight connection with nanomaterials
or with so-called ultra-fine dust. Even processes
which are ordinary not treated as "high-tech"
ones, can unintentionally cause similar effects as
those based on nanotechnology. The common
issue is a release of sub-micron particles into air.
Special concerns deal with nano-particles which
can have a direct impact on health.
In this paper, pollution by nanoparticles of
different environments - urban and rural area,
chemical laboratories and machinery workroom,
are presented. Continuous measurements were
performed in order to get complete picture of the
happening during possible occasional events, like
a pollution caused by a firework. From spectral
plots, like the one shown in Fig. 1, the sources of
pollution can be identified with the information
obtained of the size distribution, concentration
range per volume unit and time evolution of the
pollution.

It is clearly seen that the fractions below 100 nm
increase enormously during sudden events.
Concentrations of the smallest fractions of
particles could reach values of several tens of
millions per cm3 of air. It is known from the
literature1, that particles with 20 nm in diameter
can reach the deepest parts (alveoli) in our lungs.
Particles got partially deposited in lungs, while
others penetrate deeper into the tissue or they are
translocated by body fluids into the whole
organism, where they can cause serious health
problems2. If the particles are additionally
chemically aggressive the chance of cell damage
is inevitable.
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Figure 1: Particle size distribution during
firework event (Ljubljana, 24.6.2011)
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Foams and other highly porous materials with a
cellular structure are known to have many interesting
combinations of physical and mechanical properties.
Aluminium foams with closed-cell structure, one of the
lightest engineered materials, are manufactured with
different foaming agents that are gas releasing
substances. Closed-cell structure has high impact
energy absorption which is a very important
mechanical property in military and car industry [1, 2].
Metal foams are uniform dispersions of a gaseous
phase in solid metal with low densities and novel
physical and mechanical properties. Direct foaming of
metallic melts (from slurry of molten metals or metallic
alloys and uniformly dispersed non-metallic particles
to which gas bubbles are added to create foam) or
indirect foaming of powder compacts (from a solid,
foamable precursor – metal-based matrix containing
uniformly dispersed blowing agent particles, produced
either by powder metallurgy or melt route – which
upon melting expands and transforms to foam) are two
common and cost effective methods for fabrication of
metal foams. In both the routes, the stability of the
foamed melt during process is of crucial importance. It
is known that the melt stability can be improved by
adjusting the liquid metal viscosity and its surface
tension by adding fine ceramic particles or introducing
alloying elements into the melt. When the powder
compact melting process is employed, the metal oxides
covered the initial powder particles or the solid
component of the particular alloy can also induce foam
stabilization. The parameters of foaming process such
as the foaming temperature and heating rate are also
effective. [3, 4]
The sample of closed-cell aluminium foam was
manufactured from air-atomized Al powder (purity of
99.7 %, particle size D50 of 106 µm) and mass fraction
of 1 % TiH2 (purity of 98 %, particle size D50 of 14
µm) as a foaming agent. Both powders were mixed in a
turbular mixer for 1 h, isostatically cold-pressed and
sintered in air at 750 °C for 5 min and 20 s. Thin foil

specimen of sintered aluminium foam was prepared by
means of argon ion-slicing with JEOL EM-09100IS
Ion Slicer and further analyzed by TEM (Jeol JEM2100) at 200 kV using conventional transmission
electron microscopy (CTEM), high-resolution TEM
(HRTEM), energy dispersive X-ray spectroscopy
(EDXS, Jeol JED-2300 Series), electron diffraction and
scanning transmission electron microscopy (STEM)
with bright-field (BF) and dark-field (DF) detectors,
and EDXS mapping.
The study focused on the analysis of cell walls.
Detailed characterization of the microstructure was
performed on thin section specimens, and electron
diffraction method was used as well to carry out the
microstructure–crystallographic analysis of the phases.
At least two oxide layers with different ratios of
aluminium and oxygen appeared at the interface
aluminium-pore. The thickness of both the layers was
around 1–2 µm. The results of this study contribute to
the development of aluminium industry, cheaper
manufacturing processes of aluminium foams, and of
awide range ofproductswithcore-based aluminium
foams as well.
References:
1. J. Banhart, Progress in Materials Science 46 (2001) p559.
Reference (Times New Roman, normal, 11 pt, justified).
2. F. Simancik et al., Kovove Materialy-Metallic Materials 35 (1997)
p265.
3. V. Kevorkijan, MJoM 16 (2010) p205.
4. I. Paulin et al., Mater. Tehnol. 45 (2011) p13.

A

O

C

Figure 1: High-resolution (HR) TEM image with diffraction
pattern of the aluminium foam with closed-cell structure. STEM line
profile is also shown.
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Recent advances in aberration-corrected TEM and
STEM instrumentation provide the necessary
background for solving materials science
problems at the nanometer or even atomic scale
[1, 2]. On the other hand, we have to recognize
the considerable improvements of EEL- and
EDX-spectrometers and monochromators for
analytical TEM/STEM investi-gations. Here we
have to mention the dual-mode acquisition of
EELS spectra [3,4], the advent of silicon drift
detector
systems
directly
integrated
in
TEM/STEMs [5] and the use of monochromators
for reducing the energy spread of the electron
beam [6,7].
Additionally, the parallel developments in
spectrum imaging techniques for both EEL- and
EDX-spectroscopy and EFTEM-imaging [8] have
made the analytical TEM/STEM to one of the
most important nanoanalytical tools for advanced
materials research.
In this paper we present new examples of how
TEM/STEM and EFTEM can be used
successfully to examine the local chemistry and
also physical properties of nanostructured
materials. The control of the chemical
composition of nanoparticles is a prerequisite for
optimizing their physical properties such as the
photoelectric properties in case of copper zinc tin
chalcogenides (e.g. Cu2ZnSnSe4). These materials
have high potential for mass production as solar
absorber material, but until recently they have
been viewed as chemically homogeneous despite
several experimental evidences in literature. Using
STEM-EDX and EFTEM spectrum imaging we
could show that these particles exhibit a broad
range of chemical heterogeneity [9], which will
have considerable impact on the further
optimization of these absorber materials.
Noble metal nanoparticles show optical properties
different from bulk material due to resonance

attracting strong attention in research and
applications. In the meanwhile it is well known
that STEM-EELS can be used to image surface
plasmons on silver nanoparticles [10]. However,
energy-filtered TEM (EFTEM) performed in a
monochromated TEM can yield quite similar
information on gold nanorods and gold
nanotriangles [11,12]. The main advantage of
TEM/STEM is that surface plasmons can now be
imaged at a spatial resolution of several
nanometers which is not possible with optical
techniques [13].
Finally, we will present new results about atomic
resolution elemental analysis using a new FEI
Titan (60-300) which is equipped with an X-FEG,
a monochromator and a ChemiSTEM x-ray
detector.
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Different types of planar defects occur in
practically all synthetically produced materials
and naturally grown minerals. These defects form
by different mechanisms and may, depending on
their formation, contain small amounts of dopant
elements. It is not uncommon that the dopant
atoms occupy less then one atomic monolayer of
the interstitial sites at the boundary.1 Various
other situations, including solid solution (ss) of
the dopant in the bulk for example, are possible
and thus, chemical analysis of such complex
situations is a challenging task. In order to cope
with such problems we developed a method of
analytical electron microscopy using energydispersive X-ray spectroscopy (EDS) or electron
energy-loss spectroscopy (EELS) in a special
geometrical setting.1,2 The proposed method is
based on acquiring several EDS or/and EELS
spectra with parallel electron probes placed
concentrically on the analyzed interface. In order
to eliminate the effect of specimen thickness the
probe centre is maintained concentric for all
measurements – concentric electron probe (CEP)
method. The CEP method is approximately 102times more precise and 10-times more accurate
than for example spatial difference technique,
allowing determination of down to ±0.1
atoms/nm2, depending on the type of the solute
element that is measured in the interface plane.
Because of its high precision we could extend the
use of this method not only to accurately measure
the amount of the trace element on the interface
but also to determine complex solute distribution
profiles in the interfacial region. Advantagesof the
CEPmethodwill be demonstrated on planar
defects with different configurations.
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Structural analysis of nanocomposite
hexaferrite-spinel particles using high
resolution electron microscopy (HREM)
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In recent years a number of suitable chemical
methods have been developed for composition,
size and morphology controlled synthesis of
single-component magnetic nanoparticles toward
their application in diverse fields in technology
and recently also in medicine. Here, magnetic
nanoparticles have been studied as agents for
contrast enhancement in magnetic resonance
imaging, as the active constituents of drugdelivery platforms and as mediators for magnetic
hyperthermia.[1]
However, for application in cancer treatment
magnetic fluid hyperthermia (MFH) special
magnetic properties are required: high saturation
magnetization, typical for soft magnetic spinel
ferrites, along with high area of the hysteresis
loop. Such properties cannot be simply obtained
with single-component nanoparticles. The spinel
magnetite (Fe3O4) and maghemite (γ-Fe2O3),
preferred material, for its biocompatibility show
only moderate heating capacity. Hexagonal ferrite
(MFe12O19, M = Ba, Sr), on the other hand show
larger hysteresis losses but only when large
external AC field is applied, that limits the clinical
use. One possible solution to the problem is to
prepare nanocomposite, core-shell particles,
where the exchange coupling of different
magnetic phases – soft-magnetic spinel ferrite and
hard-magnetic hexaferrite – would enable
adjusting the magnetic properties demanded for
magnetic fluid hyperthermia. [2]

by applying simple co-precipitation of iron salts in
aqueous media with the addition of hydroxide.
Consequently, the procedure to synthesize
nanocomposite particles based on the intergrowth
of hexaferrite (MFe12O19, M = Ba, Sr) and
maghemite (γ-Fe2O3) was developed, thus
employing their structural similarity and an
important
difference
in
their
magnetic
anisotropies.
Special attention was given to the control of the
nanocomposite’s structure. The synthesized
nanocomposites were characterized using Highresolution transmission electron microscopy
(HREM) coupled with Energy-dispersive X-ray
spectroscopy (EDXS), Fourier-transform infrared
spectroscopy (FTIR) and X-ray diffractometry
(XRD). The magnetic properties of the
synthesized nanocomposites were measured using
a Vibrating-sample magnetometer (VSM) and
Superconducting quantum interference device
(SQUID).
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Figure 1: Nanocomposite particles of BaFe12O19 and γ-Fe2O3.
Inset: The corresponding electron diffraction.

Our work comprised the heterogeneous nucleation
of spinel iron oxide on the surface of previously
synthesized hexaferrite core nanoparticles [3,4],
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Titanium dioxide (TiO2) is known in two major
commercial forms, in the pigment form and in the
nano (ultrafine) form. Pigmentary TiO2 is one of
the most important inorganic chemicals known
today used in almost every facet of modern life.
The nano grade is a newer form of commercially
available TiO2 and is becoming increasingly
important for utilization in various modern
technologies. With the decreasing particle size,
the solid particles tend to show different
properties in comparison to the bulk material (size
effect). This effect is a consequence of a larger
surface/volume ratio of atoms in nanometer order.
Nanoparticles of TiO2 are very suitable for
applications such as photocatalysis, solar cells,
luminescent
materials,
water
photolysis,
bactericidal use, UV absorption, etc. Everyone of
the above mentioned applications of nano grade
TiO2 depends on the special physical and
chemical properties of TiO2 nanoparticles
emanating from their size, morphology,
crystallinity and crystal structure. Synthesis
methods that allow control over the above stated
properties are thus very important. Especially
interesting are the synthesis methods based on solgel and gel-sol processes. Both are based on the so
called ‘’bottom-up’’ approach for nanoparticle
synthesis that, by setting the appropriate reaction
parameters, allow us to control the form of the
molecular precursor. The molecular precursor
defines
subsequent
hydrolysis
and
polycondensation reactions, and thus determines
the end product characteristics.[1,2,3]

powder phase. Our synthesis methods also enable
us to control over the most important nanoparticle
characteristics, namely particle size, morphology
and crystallinity which enables us to best suit
them for any of the above stated technological
applications.
The range of use of nanoparticulate TiO2 is
extremely wide and growing annually. Cinkarna
Celje is stronglyorientated in the continuous
development of the above stated applications to
meet existing and future demands relying on
global reach and strong scientific base which put
nano TiO2 products at the core of our activities.

Both, the sol-gel and the gel-sol syntheses, are
based on a “wet’’ chemical process in which the
end product is a highly stable suspension of
nanoparticles. Since the reactions take place in
aqueous medium, they are very susceptible to the
reaction parameters that determine the form of the
molecular precursor that acts in the process of
nanoparticle formation. The form of the molecular
precursor directly affects the end product
characteristics. Therefore strict control over the
most important reaction parameters and
comprehension of their effect on the reaction
process is needed.
We have already developed the synthesis methods
for anatase and rutile nanoparticles that we obtain
in suspension form without any intermediate
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Anisotropic microrheological properties of
chain-forming magnetic fluid
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In external magnetic field magnetic colloids
transform from an isotropic fluid to an anisotropic
viscoelastic
material.
Using
passive
microrheology we measured microrheological
properties of magnetic fluid as a function of
direction and magnitude of external magnetic
field. The effective microviscosity strongly
depends on the magnitude of external field, while
it is almost independent of its direction. The
measured effective storage modulus varies
significantly within the sample and depends both
on the direction and the magnitude of external
magnetic field. It vanishes in zero field, while in
nonzero field it is by a factor of 2 to 4 larger in the
direction along the field than perpendicular to it.
The non-zero value of the storage modulus, which
indicates the formation of a viscoelastic fluid,
appears at magnetic fields at which the dynamic
light scattering experiments reveal the formation
of elongated structures.
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Highly reactive oxygen plasma for creating
nanostructure materials
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The manipulation of surfaces properties can be
achieved by reactive plasma radicals, such as
highly reactive ICP plasma treatment. With
interactions of reactive plasma species, we can
achieve modification of surface morphology or
other surface properties. Under certain plasma
conditions we can grow nanowires (NW),
nanorods (NR), nanotubes (NT) or other shapes
like nanocones (NC). And more with reactive
plasma it is possible to control size and shape of
nanostructures raised on the surface. These
processes can be modeled by using theoretical
model of self-assembled and self-organized
materials
under
extreme
non-equilibrium
conditions. According to the theory, atoms from
material can move on nanometer scale to position,
where they reach thermodynamically favorable
position on the surface in create nanostructures.
In our case, we created carbon nanocones on
HOPG surfaces by using low pressure cold
weakly ionized oxygen plasma created by RF ICP.
The experimental study of nanocones will be
presented in respect to the flux/dose of neutral O
atoms and O ions, in plasma generated at different
powers 100 W to 600 W and various treatment
times. The results will be explained my MonteCarlo
simulation
of
plasma-nano-surface
interactions based on SEM and TEM analyses.
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PREPARATION AND
CHARACTERIZATION OF
HYDROZINCITE AND ZINC OXIDE AND
THEIR PHOTOLUMINISCENT
PROPERTIES
Dajana Japić1, Marjan Marinšek2, Yuri M.
Strzhemechny3, Zorica Crnjak Orel1,4

of 325 nm. It was found that at room temperature
the photoluminescence may be affected by the
size and shape of the particles. Luminescent
features at ~ 2.0 eV, ~ 2.2-2.4 eV, ~ 2.65 eV, ~
3.0-3.1 eV, and ~ 3.3 eV were observed in most
specimens, although their relative intensity and
temperature dependence were specific to an
individual group of samples vis-à-vis their growth
history and morphology.
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Nanocrystalline zinc oxide (ZnO), due to its
uniquechemical, structural, electronic, and surface
characteristics can be used in a wide range of
applications, such as varistors, protective elements
in electric and electronic appliances, sensors,
catalysts, pigments and dyes, UV light absorbers
in cosmetics, etc. In our case ZnO particles were
prepared by thermal composition of zinc
hydroxide carbonate (ZnHC)particles which were
prepared by a two-step process employing zinc
nitrate hexahydrate, urea, ethylene glycol, water,
and p-toluenesulfonic monohydrate (p-TSA) at
T = 90 ºC for 3 hours. We used different
concentrations of zinc nitrate, hexahydrate, urea
and p-TSA with different volume ratios of
ethylene glycol/water. ZnO particles were
prepared by two step synthesis process where
ZnHC particles were thermally treated at T = 350
ºC and T = 500 ºC. ZnHC particles prepared at
low concentration of p-TSA, (CZn2+:Curea= 1:5) and
volume ratio of water/ethylene glycol (1:19) had
the lamellar structure of spherical particles.
Higher concentration of p-TSA, (CZn2+:Curea= 1:5)
and volume ratio of water/ethylene glycol (1:19)
still yielded spherical particles, however, interlamellar volumes became in some case filled with
more solid phase. It was found that after the
thermal treatment particles become smaller, with
the p-TSA concentration strongly affecting the
morphology of the particles. Luminescence
properties of the samples probed by PL at 8 K and
room temperature exhibited a remarkable
correlation with specimens’ nanomorphology. It
was found that at room temperature the
photoluminescence may be affected by the size
and shape of the particles. Photoluminescence of
ZnO and ZnHC were performed at a wavelength
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Figure 1: SEM images (A-C) represent the different
morfology of particles prepared at T = 90 ºC for 3 hours.
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Zinc silicate/ZnO particles as efficient UV
absorbers
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We present formation of ZnO and zinc
silicate/ZnO particles and their incorporation into
PMMA. Particles were synthesized by a two-step
method which included preparation of a Zn(OH)2
or zinc silicate/Zn(OH)2 gel (first step) that was
thermally treated in the second step.
The STFR (segmented flow tubular reactor) has
proved to be useful for the preparation and
densification
of
Zn(OH)2
and
zinc
silicate/Zn(OH)2 gels, which were, at the end of
the synthesis reaction, simply separated from the
mother liquor and washed. We showed that
amorphous Zn(OH)2 starts to dehydrate in the
temperature interval from ≈ 50 °C to ≈ 165 °C and
crystallize in the temperature interval from ≈ 230
°C to ≈ 360 °C. The introduction of silicon into
the starting reaction solutions caused the
formation of an amorphous zinc silicate phase,
which strongly influenced on the particle size
after the calcination. Zinc silicate phase remained
amorphous even at temperatures higher than 550
°C. With an increasing silicon concentration the
particle size and the ZnO content decreased. A
well distributed amorphous zinc silicate phase
prevented the growth of large ZnO crystalline
areas and thus only a-few-tens-of-nm ZnO
crystallites were obtained. The reduced
photocatalytic activity of the zinc silicate/ZnO
particles indicated that the majority of ZnO
crystallites were formed inside the zinc silicate
matrix. The ZnO and zinc silicate/ZnO were
incorporated into the PMMA forming nanocomposites and their UV-shielding abilities and
thermal stability were tested. We demonstrated
that the zinc silicate/ZnO/PMMA nanocomposite
(0.04 wt.%) exhibited, due to the small ZnO
crystallites, sufficient transmittance in the visiblelight region and high UV-shielding abilities. The
presence of zinc silicate/ZnO particles in the
PMMA nanocomposite improved its thermal
stability in the temperature interval from 200 °C
to 227 °C.

Figure 1: The influence of Si on the particle
composition and size

68

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011

How to prepare sphere- and rod-like ZnO
particles?
Marko Bitenc 1,2, Peter Podbršček 1, Pavo
Dubček3, Sigrid Bernstorff4, Goran Dražić,5
Zorica Crnjak Orel1,2
1

National Institute of Chemistry, Hajdrihova 19,
SI-1000 Ljubljana, Slovenia
2
Centre of Excellence for Polymer Materials and
Technologies, Tehnološki park 24, SI-1000
Ljubljana, Slovenia
3
Materials Research Dept., Ruđer Bošković
Institute, P.O. Box 180, 10002 ZagrebCroatia.
4
Sincrotrone Trieste, S.C.p.A., I-34012 Basovizza
TS, Italy.
5
Jožef Stefan Institute, Jamova 39, SI-1000,
Ljubljana, Slovenia.

Over recent decades a lot of research on the
preparation and growth mechanism for novel
nano- and micro-structures of ZnO and
hydrozincite has been carried out. However, it is
important to note that the details about particle
growth mechanisms are relatively few, in
comparison with the enormous number of
investigations reporting the synthesis and diverse
properties of such systems, especially if we
consider the obvious importance of the field.

microsphere-like hydrozincite particles as
presented in Figure 1. The influence of the
reaction conditions on the particles’ formation
kinetics and the phase composition are also
defined.
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Figure 1: Schematic description of the nonclassical growth mechanism of the ZnO or ZnHC phase
and the mixture of both.

The primary hindrance to such investigations has
been the absence of appropriate techniques to
probe the in-situ growth of nanocrystals.
Furthermore, we were surprised to find no
investigation where the combination of an in-situ
technique and an ex-situ technique was used to
study the growth mechanism, starting with the
first building units up to final micro-sized
particles. Finally, from a fundamental chemical
viewpoint, we still lack an understanding of ZnO
particle growth, starting from molecular
precursors to complexation reactions of the
precipitation in many cases.
The above-mentioned challenges were a great
motivation in our research. We have undertaken
an in-depth study of several of these long-held
notions using a combination of extensive, timeresolved experiments involving the SAXS
beamline
at
synchrotron
Elettra
and
comprehensive, ex-situ, electron-microscopy
(TEM and FE-SEM) techniques. The molecular
precursors and complexation reactions of the
formation process are numerically predicted in the
frame of the partial-charge model (PCM). We
propose a growth mechanism that follows a “nonclassical crystallization” concept for the selfassembling mechanism of approximately 10-nmsized building units into peanut-like ZnO and/or
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Kelvin probe force microscopy of C60
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Miniaturization of electronic components, which
has been renamed in the last decade as
nanoelectronics, requires measuring the work
function of nanometer scale objects. For such
measurements, researchers upgraded the atomic
force microscope in the dynamic operational
mode with Kelvin probe force microscopy
(KPFM), which allows measurement of work
function for conductive and semi conductive
nanomaterials.
KPFM measurements in ultra high vacuum were
conducted by modified Omicron VT-AFM/STM
at room temperature. The topography was
determined using the standard frequency
modulation technique at the first resonance
frequency of the cantilever (≈ 200 kHz). The
simultaneous imaging of the contact potential
difference (CPD) is done with AC-bias amplitude
as small as 1V and compensated locally by
applying the appropriate DC voltage to the tip.
Measurements of agglomerates C60 size from 0.7
nm to 12 nm on HOPG gave an average contact
potential difference of 80 mV ± 20 mV, while
exfoliated MoS2 nanotubes on HOPG showed
average contact potential difference of 20 mV ± 5
mV and dependence of CPD of size of clusters.
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A FastSTM add-on module for the
characterization of dynamical surface
processes at the atomic scale

resolution imaging capabilities. The module is
extremely versatile and its application is not
limited to STM setups but can in principle be
generalized to any scanning probe instrument.
References:

Carlo Dri,1 Friedrich Esch,1,a) Alessio Spessot,1,b)
Cristina Africh,1 Giuseppe Cautero,2 Dario
Giuressi,2 Rudi Sergo,2 Riccardo Tommasini,2
Giovanni Comelli1,3

[1] Friedrich Esch, Carlo Dri, Alessio Spessot, Cristina
Africh, Giuseppe Cautero, Dario Giuressi, Rudi Sergo,
Riccardo Tommasini, and Giovanni Comelli, Review
of Scientific Instruments 82, 053702 (2011).

1

IOM-CNR Laboratorio TASC, Area Science
Park, S.S. 14 Km 163.5, 34149 Basovizza (TS),
Italy
2
Sincrotrone Trieste, Area Science Park, S.S. 14
Km 163.5, 34149 Basovizza (TS), Italy
3
Department of Physics and CENMAT, University
of Trieste, Via A. Valerio 2, 34127 Trieste, Italy
a)
Presently at: Technische Universität München,
Chemistry Department, Lichtenbergstr. 4, 85748
Garching, Germany
b)
Presently at: Micron Technology R&D Technology Development – Via C. Olivetti 2,
20041 Agrate Brianza (MB), Italy

We present the design and the performance of the
FAST module (Fast Acquisition of SPM
Timeseries), an add-on instrument that can drive
commercial Scanning Probe Microscopes (SPM)
at and beyond video rate imaging frequencies [1].
In the design of this module, we adopted and
integrated several technical solutions previously
proposed by different groups in order to overcome
the problems encountered when driving SPMs at
high scanning frequencies. The fast probe motion
control and signal acquisition are implemented in
a way that is totally transparent to the existing
control electronics, allowing the user to switch
immediately and seamlessly to the fast scanning
mode when imaging in the conventional slow
mode. The unit provides a completely noninvasive, fast scanning upgrade to common SPM
instruments that are not specifically designed for
high speed scanning. To test its performance, we
used this module to drive a commercial Scanning
Tunneling Microscope (STM) system in a quasiconstant height mode to frame rates of 100 Hz and
above, demonstrating extremely stable and high
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Physical studies of M-DNA complexes
on a single molecule level

ten micron long DNA molecules on the substrates
and developing of techniques for attachment of
single M-DNA molecules to micron-sized
electrical contacts.
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DNA has been considered as a potentially
conductive material ever since the 1960’s1. In the
late 1990’s with a development of nanoscience
and nanotechnology a research activity on DNA
electronic properties sharply increased. The
unique properties of DNA single strands complementarity and recombination ability would
facilitate formation
of
complex
nanocircuits by self assembly and make DNA a
material of choice in nanoelectronics. But DNA is
a very poor conductor of electricity at length
scales longer then ~ 10 nm2. A possibility of
electron doping of DNA, and thus improving its
electronic properties, emerged with discovery of
M-DNA3, a complex which DNA spontaneously
forms with transition metal cations, Co2+, Ni2+ and
Zn2+. Several experiments with various techniques
(fluorescence
quenching,4
electrochemical
5
measurements ) in solution have shown a strong
increase in electron transfer rates upon formation
of the M-DNA complex. However, till now there
were few experiments on M-DNA in dry form6.
Recently, we have detected a high concentration
of correlated itinerant electrons in bulk, dry
lyophilized samples of M-DNA7 indicating a
conductive state of M-DNA. A demonstration of a
metallic state of M-DNA (i.e. an effective charge
transport on a long distance) on a single molecule
level appears as a rational step forward towards
realization of a functional DNA-based electronic
nano-circuit. Here we present our first results on
manipulation
and
physical
properties
measurements of single M-DNA molecules.
Those experiments include determination of
optimal ion-doping conditions, deposition of DNA
molecules on appropriate substrates, aligning of
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Figure 1: An AFM picture of a single DNA molecule
stretched between two electric contacts separated by a
2 µm gap, prepared with a method of dielectrophoresis.
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Introduction: Targeted gene delivery into the
cell and its nucleus remains a challenge that needs
to be resolved before the method can become
widely used. Currently new effective non-viral
gene delivery systems are being developed in
order to solve the safety concerns of the viralbased systems. It was demonstrated that
magnetofection; i.e. the utilization of magnetic
nanoparticles coupled with nucleic acids with a
subsequent exposure of the treated cells to an
external magnetic field, is an effective approach
of targeted gene delivery to cells [1,2]. The aim of
our
study
was
to
synthesize unique
superparamagnetic iron oxide nanoparticles
(SPIONs) for magnetofection of plasmid DNA
encoding reporter gene in B16F1 melanoma cells
and compare its transfection efficacy to other
optimized non-viral gene delivery methods.
Methods: SPIONs were synthesized via coprecipitation of ferric and ferrous sulphates from
aqueous solution in alkaline medium, coated with
anionic polyelectrolyte poly(acrylic acid, sodium
salt) (PAA) and functionalized with branched
cationic polymer polyethylenimine (PEI). Plasmid
DNA encoding green fluorescent protein (GFP)
was bound to SPIONs-PAA-PEI complexes.
SPIONs-PAA-PEI-DNA complexes were added
to B16F1 cells alone (nanofection) or thereafter
exposed to neodymium-iron-boron (Nd-Fe-B)
magnets for 15 minutes (magnetofection).
Expression of GFP indicating transfection
efficacy was visualized by fluorescence
microscopy and quantified by flow cytometry.
Transfection efficacy of magnetofection was
compared to the other optimized non-viral gene
delivery methods: electroporation and lipofection.
Results: The percentages of fluorescent cells and
fluorescent intensities detected by flow cytometer
are shown in Figure 1. B16F1 cells were
successfully transfected with reporter gene coding
for GFP by magnetofection or nanofection. The
expression of GFP was statistically significantly
increased after magnetofection (approx. 39% of
fluorescent cells and 8300 a.u. of fluorescence
intensity) in comparison to transfection with PEI-

DNA complexes (approx. 29% of fluorescent cells
and approx. 2600 a.u. of fluorescence intensity).
According to the percentage of fluorescent cells,
magnetofection, electroporation and lipofection
appear to be comparable transfection methods.
Although lipofection has achieved high
percentage of fluorescent cells (approx. 52%),
there is a statistically significantly higher
expression of GFP at the level of fluorescence
intensity by magnetofection than by lipofection
(approx. 8300 a.u. vs. approx. 5400 a.u.).
Conclusions: The results demonstrate that
magnetofection with coated and functionalized
SPIONs coupled with plasmid DNA can be a
promising new non-viral method for in vitro gene
delivery and is comparable to other established
and effective non-viral gene delivery methods, i.e.
electroporation and lipofection.

Fluorescence (%)

Magnetic Nanoparticles-Mediated in vitro
Gene Delivery

0

PEI-DNA

NF

MF

EP

LF

Figure 1: The expression of GFP in B16F1 cells obtained
after transfection with PEI-plasmid DNA complexes (PEIDNA),
nanofection
(NF),
magnetofection
(MF),
electroporation (EP) and lipofection (LF). Bars and squares
represent means with standard errors of the percentage of
fluorescent cells and fluorescence intensity, respectively.
Symbols (circle indicate the percentage of fluorescent cells
whereas asterisk denote fluorescence intensity) indicate
statistically significant differences between magnetofection
and the group compared (°p<0.001, *p<0.05).
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We have looked at the effects of a range of
hydrogen pressures and temperatures on the
magnetic and structural changes of Nd–Fe–Al
alloys
with
compositions
close
to
vibrating-sample
Nd60Fe30Al10,using
magnetometry, x-ray diffraction and transmission
electron microscopy. Our results suggest that the
material is resistant to hydrogen at low pressures
and temperatures, but at approximately 30 bars
and 100°C the material absorbs about 0.6 weight
percent hydrogen. After this hydrogen absorption
the coercive field decreases significantly. We
have considered both the strong-domain-wallpinning model and the large-random-anisotropy
(superferromagnetic) model to try to explain the
coercive field and its drop as a result of the
hydrogen absorption. We have shown that the
strong-domain-wall-pinning model can be used to
describe the material in the temperature range 250
- 450 K before hydrogenation. After
hydrogenation the blocking temperature decreases
from 400 K to 210K, which according to the
superferromagnetic model can be the reason for
the drop in the coercive field. Our results have
demonstrated the important role that hydrogen can
play in modifying the structure and properties of
rare-earth–transition-metal-based
permanentmagnet materials.
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A NH3‒NO coadsorption complex on Pt(111)
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coadsorption complex of these two species on the
(111) surface of platinum. The existence of this
complex was suggested by various non-local
measurements (EELS, TPD, NEXAFS). Our
combined approach allows to determine the
adsorption geometry of this complex and to
rationalize in a unifying picture the existing
experimental data [Gland, Burgess, Esch].
The high thermal stability of this complex points
towards

a

strong

NH3‒NO

bond:

our

characterization will allow to assess the bond
character of this interaction. The comparison of
our results with the recently updated IUPAC
definition [Arunan], strongly indicates a hydrogen
bond character.
Further experiments are presently in progress,
aiming at the characterization of the NH3‒NO

bond through its effects on the vibrational modes
of the adsorbates measured on single molecules
by means of Inelastic Electron Tunnelling
Spectroscopy (STM-IETS).

b)

Presently at: Max-Planck-Institute for Solid
State Research, Nanoscale Science Department,
Heisenbergstr. 1, D-70569 Stuttgart, Germany
c)

Presently at: Technische Universität München,
Chemistry Department, Lichtenbergstr. 4, 85748
Garching, Germany

We present a combined experimental (STM and
IETS) and theoretical (DFT) characterization of
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the NH3‒NO coadsorption complex, formed on

the (111) surface of platinum single crystals.
The selectivity of NO reduction on platinumbased catalysts in presence of NH3 has been
tentatively related [Esch] to the formation of a
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Solution derived tantalum oxide-based
thin films processed at low temperatures:
current-voltage characteristics
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Transparent electronics is an emerging technology
that employs both dielectrics and wide band-gap
semiconductors for the realization of fully
transparent devices. This requires low cost
deposition of thin films with suitable properties
onto substrates requiring low temperature
processing, such as glass and recently even on
flexible substrates.

view. Regardless their composition and the
substrate used, the films are amorphous and show
very flat surfaces. All samples exhibit high optical
transparency in the visible range. The dielectric
permittivity of the films ranges from about 20 to
about 28, values which are comparable to the
ones reported for amorphous Ta2O5 films [2]. The
I(V) measurements reveal that the leakage
currents for the investigated samples depend on
the thermal budget of the films.
We acknowledge for funding the ORAMA project
(FP-NMP-2009-LARGE-3, Grant Agreement
246334; NMP-2009-2.2-1: Oxide materials for
electronics applications) and the Slovenian
Research Agency (PR-03726, P2-0105, J2-4273).
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As a dielectric material, tantalum oxide is
considered one of the most promising candidates,
due to its high refractive index, high dielectric
constant and good thermal and chemical stability
[1]. Tantalum pentoxide (Ta2O5) thin films are of
high interest due to their possible applications in
the field of microelectronics or integrated
microtehnologies.
In this work, Ta2O5-based thin films were
deposited by Chemical Solution Deposition
(CSD). Precursor solutions were prepared by
dissolution of metal alkoxides in organic solvents,
adjusting the reactivity of the metal by the use of
suitable additives. The films have single and
ternary mixed compositions of Ta2O5, without and
respectively with Al2O3 and SiO2. The Ta2O5–
based films were prepared by spin coating the
precursor solutions onto platinized silicon and
glass substrates. In order to investigate the effect
of composition and thermal treatment upon their
properties, the as-prepared films were heated in
the range of temperature: 350°C - 450°C.
The high-k dielectric Ta2O5 based thin films
processed at low temperatures were characterized
from the structural, optical and electrical point of
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Water sorption in cellulose fibres
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Cellulose fibres are widely used in paper and
textile industry, chemical technology and
construction. Untreated and modified cellulose
fibres are often used in medical and sanitary
materials,
such
as
linings, bandages, and tampons. The textile
cellulose
fibres
exhibit
a high level of crystalline structure; however, they
also
possess
amorphous regions that provide the accessibility
to
hydroxyl
groups.
This reflects in the high hydrophilicity, which
makes
them
a
perfect
material for various medical purposes.
The process of water sorption in a textile fabric
is difficult to be observed directly. Therefore we
focused our analysis on single cellulose fibers. We
monitored modifications of optical properties as a
consequence of water sorption. In particular,
transmittance of the fibre between crossed
polarizers was measured using optical polarization
microscopy.
Comparison was made between untretaed and
oxygen plasma treated fibres. The analysis of the
kinetics of the wetting process indicates that
plasma treatment increases the sorption speed.
Such cellulose fibres are therefore more
susceptible to water sorption and consequently
more
suitable
for
mediation of the processes that require fast

wetting, which is the case in many medical
applications.
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Figure 1: The normalized intensity of the polarized
light that was passing through the viscose fibre versus
the time the water was introduced to the fibre for
untreated and plasma treated fibres at room and body
temperature.
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selective nanosensor
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Due to their high surface-to-volume
ratio, nanomaterials have outstanding
potential for gas sensing applications.
Inorganic Mo6S3I6 cluster polymers [1]
are one-dimensional conductors with
excellent
connectivity
[2]
and
processability in liquid dispersion [3],
which form bundles of typically 20-100
nm diameter. We present a very
sensitive gas recognition sensor based
on Mo6S3I6 bundles deposited on
interdigitated electrodes made from
different metals [4]. Upon gas
adsorption the resistance varies [5] by a
different
amounts
for
different
electrodes. Different gases show distinct
fingerprints in the response pattern. The
sensors
show
a
repeatable,
concentration-dependent response. We
discuss improvements in the deposition
technique and propose a model circuit
for the observed behaviour.With all this
attributes, the MoSIx nanosensor shows
great applicability for cheap, easy to
produce, selective gas sensor that could
satisfy the needs for such product on
today’s market

[3]
V. Nicolosi , D. Vengust, D. Mihailović; Chem.
Physics Lett., 2006, 425, 89-93
[4]
D. Mihailović, A. Drnovsek; Slo patent application
P-201000461, 2010
[5]
M. Devetak, B Bercic, M. Uplaznik, D. Mihailović;
Chem. Mater. 2008, 20,¸1773-1777

Figure 1: MoSIx nanowires (top) are deposited
on interdigital electrodes (middle) using
deposition method which resulted in dense
deposition. Relative changes of resistivity
(bottom) show different pattern for each analyte,
shown here for 6% concentration relative to
saturated vapour pressure at 200C.
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Biotin hydrazide derivates for cellular imaging

Stojković, D., Fabbretti, E., Valant, M., Emin, S.

University of Nova Gorica

A novel set of biotinoyl hydrazides has been
synthesized to be used for cell staining and
potential drug delivery purposes. Besides
biotin functional group we synthesized
molecules with lipoic acid, dihydrolipoic acid
and acrylic acid moiety. We have explored
the fate of these molecules in HEK 293 cell
cultures by using several streptavidins
attached to different dyes. With the use of
fluorescent and confocal microscopy we have
demonstrated
concentration
depended
outcomes. Streptavidins with dyes alone did
not show any staining in cell cultures.
Similarly molecules have been used for
biotin-functionalized luminescent quantum
dots used for cellular imaging and for
intracellular delivery of quantum dot-protein
cargos. Our results should be considered
especially when similar molecules are used
for diagnostic purposes. When constructing
conjugated
complexes
with
metal
nanoparticles, any unbound molecule could
be the reason for nonspecific staining or for a
false positive.
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Cell nanovesicles are formed in the last stage of
membrane budding when the buds are pinched
off from the mother cell. As membrane budding is
connected to lateral redistribution of membrane
constituents, cholesterol-rich microdomains of
cell membranes may play an important role in
formation of NVs. Both, the concentration of NVs
in blood isolates and the total serum cholesterol
reflect the clinical status. Previous studies show
that concentration of NVs in blood isolates is
increased in cancer patients while the serum
cholesterol concentration in cancer patients can be
increased or decreased.

subjects and considerably higher (29%, p=0,016)
in patients with gastrointestinal cancer than in
patients with other gastrointestinal diseases.
There was no significant difference in NV
concentration between patients with other
gastrointestinal diseases and healthy subjects.
We found a statistically significant correlation
between the concentration of NVs and
concentration of total serum
cholesterol in
patients with gastriointestinal diseases (cancer and
other diseases) (p=0,057) and no statistically
significant correlation in healthy subjects.
Concentration of NVs in blood isolates is
increased in patients with gastrointestinal cancer
indicating increased fragility of blood cells in
these patients. Furthermore, the increased fragility
in patients is correlated with the serum cholesterol
concentration.
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We analyzed the concentration of NVs in blood
isolates and total serum cholesterol in 24 patients
with gastrointestinal cancer (pancreatic cancer,
hepatocellular carcinoma and colorectal cancer),
28 patients with other gastrointestinal diseases
(liver
cirrhosis,
ulcerative
changes
of
gastrointestinal organs, gallstones) and 42
volunteers with no record of disease.
NVs were isolated from blood by repeated
centrifugation and washing and counted by flow
cytometry while the total serum cholesterol was
measured by enzymatic colorimetric assay.
The concentration of NVs in blood isolates was
considerably higher (50%, p=0,0004) in patients
with gastrointestinal cancer than in healthy
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We present systematic study of photoexcited
quasiparticle relaxation and low-energy electronic
structure in electron doped Ba(Fe1-xCox)2As2 for a
large part of x-T phase diagram from the undoped
spin-density wave (SDW) metallic state at x=0%
through coexisting superconducting (SC) state
around x=5% to overdoped (OD) at x=11%.
In the undoped SDW we observe a bottleneck
response related to the gap opening, similar to
previous results in different SDW iron-pnictides.
We observe a saturation of an additional SC
relaxation component which is associated with a
SC state destruction. From here we determine the
SC-state destruction energy U/kB=0.3K/Fe.
Temperature dependence of the transient
reflectivity amplitude in the normal state indicates
a presence of a pseudogap.
Observed polarization anisotropy at T~200K at
any x is related to nematic electronic fluctiations.
From the relaxation time at high temperatures, we
estimate the second moment of the Eliashberg
function λ<0.3 and find that it decreases with
increasing doping.
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We investigate electroplating as a method for the
preparation of electrodes for nanoelectronics [1]
with different metals. We used a standard
electroplating technology for plating Au, Cu, Ni,
Cr, and Ag. In order to achieve control of
thickness we require coating rates of 2 nm/s or
less. However, nonlinearity of the process make
this a non-trivial task. We achieve coatings of up
to 50 nm on different electrodes that we can use in
electronic applications. We also measured the
particle size in solutions with dynamic light
scattering (DLS) and did not find an obvious
correlation between the surface roughness and the
size of nanoparticles in the supplied electrolytes.
We conclude that the surface roughness of the
deposited layer is a consequence of a selfterminating growth process.
References:[1] Y. Kashimura, H. Nakashima,
K. Furakawa, K. Torimitsu: Fabrication of nanogap electrodes using electroplating technique.
Science direct, Thin Solid Films 438-439 (2003)
317-321.
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Most of polymer materials undergo chemical
degradation when exposed to sun light. Due to
thinner ozone layer and higher intensity of sun
light their degradation is becoming more intense
and consequently their UV and thermal
stabilization are becoming of increased
importance. Zinc(II) oxide - ZnO is a inorganic
semiconducting material having wide band gap of
3.37 eV giving this material exceptional UV
absorbing properties in the whole UV wavelength
region from 32 to 400 nm. It has a wide range of
potential applications such as: electronics,
catalysis, energy conversion and storage, drug
delivery and sensors. Poly(methyl methacrylate) –
PMMA is polymer material known for it’s optical
properties. By combining nano ZnO filler and
PMMA polymer it is possible to prepare
transparent composite materials with high
resistance to UV and sun light and also with
enhanced thermal stability.
Since properties of ZnO nanostructures strongly
depend on particle morphology a great attention is
devoted to it’s preparation procedure. ZnO
nanoparticles with organophillic surfaces were
synthesized by the hydrolysis of zinc(II) acetate in
various diols using p-toluene sulphonic acid pTSA as an end capping agent and without pTSA.
Particles were characterized by IR spectroscopy
and XRD diffraction both confirming the presence
of crystalline ZnO. Particle sizes ranged from 50 –
400 nm for ZnO synthesized without pTSA and
20 - 50 nm for ZnO synthesized with pTSA
indicating that it reduces the ZnO particle size.
Besides this it also increases the crystallte size of
ZnO.
Nanocomposites with high UV absorption and
high optical transparency were prepared by in situ
radical bulk polymerization of MMA using
synthesized ZnO without additional surface
modification. They efficiently absorb UV light,
for example 1.5 mm thick plates with 0.05 wt.%
of ZnO absorbed more than 98% of the incident
UV light (Fig. 1). Additionally, the resistance to
sun light (Sun test) was substantially enhanced
giving these materials a high potential in various
outdoor applications. Nano ZnO also thermally
stabilized the PMMA matrix since thermal

decomposition onset temperature was shifted for
20 – 40 °C to higher temperatures by the addition
of 1 wt. % of nano ZnO (Fig. 2). All these
phenomena depend on particle size distribution.
Smaller ZnO is more efficient UV and thermal
stabilizer than larger one being in accordance with
our expectations (Fig 1 and 2).
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Figure
1:UV-VIS
spectra
of
PMMA/ZnO
nanocomposites in dependence of ZnO concentration and
nanocomposite preparation procedure - ZnO synthesized in
PD A) submicrometer (350 nm) ZnO 0.1% - proc. B, B)
0.1% - proc. B, C) 0.05% - proc. B, D) 0.05% - proc. C, E)
pure PMMA.

Figure 2:DTG curves of ZnO/PMMA nanocomposites: a)
as a function of ZnO particle size (1 wt.% ZnO)A) 86 nm, B)
72 nm, C) 32 nm, D) 33 nm, E) PMMA
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Cell nanovesicles (NVs) are membrane–enclosed
nanoparticles which are pinched off from cells of
all types in the final stage of cell membrane
budding. It is believed that blood contains
circulating NVs and that these NVs can be
harvested by centrifugation and washing of blood.
Flow cytometry is commonly used technique for
assessment of NVs in blood isolates. As NVs are
promising biomarkers of health and disease, it is
of interest to better understand the mechanisms
reflected in the measurements with flow
cytometer. Here we compare flow cytometric
measurements of the same sample of blood,
obtained by two different flow cytometers. The
sample was isolated in Ljubljana and divided into
two parts; the first was analyzed in Ljubljana on a
Beckman Coulter Altra, USA while the second
was transported to Munich by plane and analyzed
on aMACSQuant Analyzer, Miltenyi Biotec,
Germany. Both samples were analyzed at the
same time. The measurements were performed
within one day from the isolation.
Blood was taken from human donors into 2.7 ml
plastic tube containing 270 µl 0.109 M trisodium
citrate (BD Vacutainers, Becton Dickinson, CA)
with a 21 gauge needle (MicrolanceTM). NVs were
isolated by repeated centrifugation and washing of
the samples. Forward scattered light and side
scattered light was detected by flow cytometry.
Also NVs were stained with anti-CD25-FITC
antibodies which are supposed to bind to receptors
specific for platelet membrane. Fluorescent signal
was detected by flow cytometry.
In the scatter diagram (Figure 1), a region of
residual cells, and a diffuse region of platelet
fragments of various sizes are indicated (Figure
1B) which agrees with the scanning electron
image of the isolate.

healthy subject (Figure 1B,D) shows that in the
patient, residual cells are scarce (the oval region
in panel B is missing in panel A) while the
distribution is shifted towards smaller platelet
fragments (C,D). This could be a consequence of
increased fragility of platelets in patients due to
which platelets are fragmented into NVs. The
shape of the region corresponding to NVs
indicates that particles smaller than a certain
threshold cannot be detected.

Figure 1: Scatter diagram of the blood isolate of a patient
with gastrointestinal cancer (A,C) and a healthy subject (B,D)
obtained by Coulter Altra cytometer (A,B) and by
MACSQuant cytometer (C,D). SSC: side scattered light,
FSC: forward scattered light. Oval region in panel B
corresponds to residual cells.

Comparing the results obtained with both
cytometers the region of residual cells in healthy
subjects (panel B) is missing in the diagram
obtained by MACSQuant (panel D). It is possible
that the residual cells fragmented due to transport
of the sample.
Staining with antibodies showed that the region
corresponding to NVs exhibits a dim fluorescence
signal while bright signal was detected in a diffuse
region corresponding to larger particles (platelets
or larger platelet fragments).
Flow cytometry is a useful and relevant method to
measure NVs in blood isolates; however, it does
not satisfactorily detect small NVs which are
expected to be abundant especially in patients
with various diseases. Further studies involving
large populations of patients and of healthy
subjects should be performed to achieve clinically
relevant interpretation of measurements.

Comparing the side scatter diagram of a patient
with gastrointestinal cancer (Figure 1A,C) and a
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We observe the effect of annealing on Mo6S2I8
nanowires in different inert atmospheres. The
nanowires have been annealed at different
temperatures in a range from 400 to 1100 ºC in
argon or nitrogen atmosphere. The results were
analysed by SEM and X-ray diffraction. They
show that the morphology remains, independent
on the temperature conditions. On the other side,
reducing of the mass and loss of Iodine was
observed after annealing. Moreover, some of the
nanowires have changed their structure from
Mo6S2I8 to MoS2 or Mo2S3 and metal Mo after
annealing in argon atmosphere at higher
temperatures.
The method of annealing at higher temperatures
can be used to increase the conductivity of the
Mo6S2I8 nanowires and also can change the
chemical composition of the nanowire.

Figure 1: SEM picture of annealed Mo6S2I8
nanowires
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Applications for metal nanowires look promising
in nanoelectronics and production of composite
materials. Synthetic methods are numerous and
include chemical, electrochemical and mechanical
approaches starting from alloys, metals or salts1.
Methods describing the formation of ordered
metal nanowires are scarce and the common
problem to all is the scale up which has not been
appropriately described so far. The method
developed by authors utilizes the reduction of
Mo6S2I8 nanowires and enables large- scale
production of molybdenum nanowires ranging
from 20 nm to 300 nm in diameter and with aspect
ratios around 1to 200 (Figure 1). The method is
applicable to all similar phases described by the
common formula M6CyHz, 8.2<y+z≤10, where M
stands for transition metal (Nb, Mo, Ta, W), C
stands for chalcogen and H stands for halogen,
where phases are available in a form of
nanowires. The dimensions of produced metal
nanoparticles resemble the dimensions of
nanoparticles found in starting material, which
allows for the engineering of the product. The
reduction of Mo6S2I8 nanowires was performed at
700 °C in a flow of argon – hydrogen (30 %) gas
mixture and was quantitative as indicated by the
powder diffraction data (Figure 2).

Figure 1: SEM image of molybdenum
nanowires synthesized from Mo6S2I8.

Figure 2: Powder diffraction data for
molybdenum nanowires synthesized from
Mo6S2I8.

References: 1. A. W. Hassel, B. BelloRodriguez, A. J. Smith, Y. Chen, S. Milenkovic,
Phys. Status Solidi, B 247 (2010) 2380.
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Graphene has attracted much attention due to
its high conductivity and transparency that promises
the use of graphene as a transparent electrode or
substrate in organic field effect transistors and
organic photovoltaic devices (1). Because most of
the charge transport occurs within the first few
layers of the organic semiconductor near its interface
with graphene, the study of this interface is
important for the understanding of transport
properties in field effect transistors (2).
We investigated the initial stages of growth of
pentacene (Ptc) films on graphene and studied the
surface morphology using an Atomic Force
Microscope (AFM). CVD-grown graphene films
were transferred from a Cu foil onto a SiO2
substrate (3). Subsequently, Ptc films were
deposited by Organic Molecular Beam
Deposition (OMBD). Our experiment
incorporated a variation of substrate temperatures
and deposition rates. Our results indicate that the
density of islands of Ptc decreases with
increasing temperature while the mean grain
size increases. Two distinct populations of Ptc
islands are observed at a substrate temperature of
43°C. One population contains islands with a
height of 2±0.5 nm. We associate these islands
with a monolayer of Ptc molecules that are
oriented perpendicular to the graphene surface. The
other population contains islands with a height
of 7±0.5nm and can be associated with multilayer
growth of Ptc. Furthermore,we observed the
reduced fractal character of Ptc islands which were
grown on a graphene substrate.

Fig 1. AFM image of Ptc on graphene
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was observed, which indicates a B-DNA to
Z-DNA transition. Addition of Zn(II) and
Cd(II) ions causes a decrease in the
amplitude of the peak at 275 nm and, under
the conditions of alkaline pH, a batochromic
shift of the CD spectra.
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Here we present the interaction of metal ions
of the group 12, Zn(II), Cd(II) and Hg(II)
with DNA have been studied by UV-Vis
spectroscopy, ethidium bromide fluorescence
(EtBr), DNA melting (Tm) and circular
dichroism (CD). UV-Vis and fluorescence
measurements have shown that an alkaline
pH is required for successful incorporation of
Zn(II) and Cd(II) ions into the double helix
structure, which has already been determined
in previous studies. On the other hand, Hg(II)
ions bind to duplex DNA at both, neutral and
alkaline pH. Among these metal ions, Hg(II)
shows the strongest interaction with nucleic
acid. Also, the Hg(II) ions cause the largest
batochromic shift (red shift)
in the
absorption spectra. The Hg(II) ions are
incorporated efficiently into DNA at the
lowest molar ratio (Hg2+/DNA base pair =
1:1, bp – base pair), independently of the
DNA concentration. Regardless to the DNA
concentration, the molar ratio Zn2+/bp=4:1 is
required for a complete metal ion-DNA
complex formation. On the other hand it was
found that for the Cd(II) binding, absolute
concentrations of DNA and metal ions are
important. Tm measurements have shown that
Zn(II) and Cd(II) ions first bind to the
phosphate moieties of the deoxyribosephosphate backbone and then to the electrondonor/acceptor groups on the nucleobases as
Tm increases initially and then begins to
decrease. On the contrary, the Hg(II) ions
bind to the bases preferentially and then to
the phosphate. These ions do not destabilize
the double helix as in the case of zinc and
cadmium. A strong evidence for binding
effects and conformational changes in the
double-helical structure of DNA upon
interaction with metal ions was obtained by
circular dichroism. In the case of the Hg(II)
complex an inversion of the CD spectrum
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platelets. This makes them suitable candidates for
new lubricants with superb low lubricity.
We prepared dispersions of MoS2
nanotubes in different liquid media using
surfactants. Our goal was to made dispersions
stable against sedimentation and appropriate for
tribological testing. We were monitoring time
evolution of sedimentation of different dispersions
and have chosen the most promising for
tribological tests.
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Friction causes an irretrievable loss of energy and
therefore influences the efficiency of energy
usage. As long a request for energy increases, and
simultaneously a stock of natural resources
decreases, we must recognize that understanding
and controlling friction and wear form an
important area of fundamental and application
research.
Graphite or molybdenum disulphide, both
layered crystals, are predominant materials used
as solid lubricants. In the form of small platelets
these materials are used as effective lubricative
additives in machine oil. Both materials are also
widely used as dry lubricants in space technology
or in places which are not allowed to be soiled
with hydrocarbon gasses, for instance in clean
rooms or in ultrahigh vacuum apparatus. The
special structure of MoS2 crystal, which consists
of S-Mo-S molecular layers held together only by
weak van der Waals forces is responsible for its
high lubricity qualities. The layers can easily slide
each other with a low energy loss. The edges of
the layers are prone to oxidation, especially by
presence of water and that reduces lubrication
qualities. Recently it was discovered that
structures of MoS2 in the form of balls [1] or tubes
[2], have less of these free edges per surface unit,
and it has been shown, that MoS2 nanotubes have
due to their specific structure better lubrication
characteristics than MoS2 in a form of flat

Figure 1: Droplet of
MoS2 nanotubes
dispersed in water after 3 hours of sedimentation.
Dispersion contains 0.33 wt.% MoS2 nanotubes
and 0.17 wt % surfactant (polyvinyl 3-ethyl
imidazolium bromide) in water.
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Interaction of neutron beams with magnetic
materials provides different possibilities to
manipulate a spin state of the neutrons, e.g. to
prepare the so-called polarized neutron beams.
Our goal is to fabricate polarization beam splitters
for cold and very-cold neutrons made from
periodically structured composites of magnetic
nanoparticles and polymers [1]. Periodical
microstructuring with periodicity in the range of
0.2 - 2 µm is achieved by optical holographic
lithography methods [2].
A mixture of superparamagnetic nanoparticles
(γ-Fe2O3, d=9 nm) and photosensitive monomers
(methyl methacrylate) is exposed to interference
field of two UV laser beams. During
photopolymerization reaction, which takes place
more rapidly in the regions of high optical
intensity, superparamagnetic nanoparticles are
pushed into the regions of low optical intensity.
Consequently, a periodic structure of thin layers
of nanoparticles interconnected with polymer
matrix is achieved (Fig. 1).

The main drawback of the described direct
holographic structuring method is strong
absorption of UV light by Fe2O3 nanoparticles,
which limits the maximum possible depth of
patterning and hence also the thickness of the
grating structures. To avoid this problem we
tested also the so-called indirect or two-step
grating formation, in which at first a periodic
structure made from polymer and liquid
crystalline material is fabricated. After this, liquid
crystalline material is removed from the structure
and the remaining voids are refilled with the
nanoparticle suspension (Fig. 2). This way the
gratings with thickness up to 100 µm can be
prepared. The main problem of this method is
very slow kinetics of both diffusion processes, i.e.
removal of the LC material and refilling with the
nanoparticle suspension.

Figure 2: Optical microscopy image of 1D grating structure
with periodicity of 4 µm fabricated by two-step method.
Brown regions are layers of γ-Fe2O3 nanoparticles.
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Figure 1: SEM image of a cross section of the 1D
grating structure with periodicity of 1 µm and
thickness of 12 µm fabricated by direct patterning.
Bright regions are layers of γ-Fe2O3 nanoparticles.
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amorphous phase has been seen on the surface of
the particles after both steps of the synthesis.
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Titanium oxide (TiO2) is a semiconductor which
is widely used because of its various possibilities
for pigments, photovoltaics and photocatalysis
applications. TiO2 can be found in three crystal
modifications: anatase, rutile and brookite. Eeach
phase has its own physical and chemical
properties and therefore different functionalities
[1].
Photocatalysis has been extensively studied on
anatase and rutile nanoparticles. Anatase has
higher band gap (3,2 eV) than rutile (3,0 eV),
which means that it can activate only in a UVspectrum whereas rutile activates in the visible
one. Nevertheless, anatase has overall better
photocatalytic activity in the solar spectrum due to
the other properties that have a key role in this
process [2]. An important photocatalytic factor is
the surface hydroxylation of the photocatalyst: if
the surface is highly hydroxylated, the substrate
can easily get into contact with the photocatalyst
and undergo the oxidation reaction. The surface of
rutile has lower concentration of hydroxyl groups
in comparison to anatase due to higher synthesis
temperature (usually above 600 °C) [1].
In the present work rutile particles were
synthesized with the use of a peroxotitanium
complex as a precursor at low temperature and
without an additional calcination step.
Particles were investigated with two techniques;
the X-ray diffraction (XRD) indicates the
presence of a pure rutile phase. The pictures,
taken by the transmission electron microscope
(TEM), reveal the rod-like shape of rutile
nanoparticles with a prism body and pyramidal
ends. Particles exhibit non-homogeneous structure
at low magnification after the sol-gel step (Figure
1a). High resolution imaging reveals the
monocrystal structure with the longer [001] axis.
The pyramidal ends of particles are yet not well
defined (Figure 1b). The hydrothermal procedure
transformed rutile into more homogeneous rutile
particles with well-defined ends (Figure 3a,b).
The dimensions of the particles are around 100
nm in length and 30 nm in width and did not
change drastically during the synthesis. An

1. Y. Zhang et al., Materials Chemistry and
Physics 121 (2010) p235.
2. J. Arana et al., Applied Catalysis B:
Environmental 100 (2010) p346.

91

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011
ZnO films grown on glass substrate by lowtemperature hydrothermal synthesis
Matejka Podlogara, Jacob J. Richardsonb,
Damjan Vengustc, Nina Daneua, Martin
Strojnikc, Zoran Samardžijaa, Aleksander
Rečnika, Slavko Bernika
a

Department for Nanostructured Materials and Centre
of Excellence NAMASTE, Jožef Stefan Institute,
Jamova cesta 39, 1000 Ljubljana, Slovenia
b
Materials Department, University of California, Santa
Barbara, CA 93106, United States
c
Department for Complex Matter, Jožef Stefan
Institute, Jamova cesta 39, 1000 Ljubljana, Slovenia

Zinc oxide (ZnO) is known as a material with
many useful properties and is already successfully
used for different applications. Optically
transparent and electrically conductive ZnO films
have potential to replace indium tin oxide (ITO)
films, which is nowadays widely used in liquid
crystal and plasma displays, touch panels, organic
light-emitting diodes, gas sensors, anti-static and
anti-reflection coatings, solar cells, etc.The
methods to prepare low-dimensional ZnO
structures are usually different solid-vapour
deposition methods, but in recent years solutionbased synthesis methods are being increasingly
developed because of the advantages in cost,
easier transformation to large-scale production
and the reduced pollution effects.
Smooth ZnO films were grown under lowtemperature hydrothermal conditions on glass
slides. Formation of ZnO seed layer on substrate
is the essential step in synthesis. When ZnO is
grown from an aqueous solution on substrate
without seed layer or Zn-acetate as seed layer, the
result after hydrothermal treatment is an empty
glass slide. ZnO seed layer was prepared from 0.5
M Zn-acetate ethanol solution by a spin-coating
method and with additional annealing at 600°C.
Glass slide with prepared seed layer was then
emerged in the Zn-nitrate and Na-citrate aqueous
solution. After the treatment for 18 hours at 90°C,
the substrate with grown ZnO film was removed
from solution and characterize.
The ZnO films were observed by a scanning
electron microscope (SEM) and a transmission
electron microscope (TEM). The phases and the
preferred growth direction were identified using
x-ray diffraction (XRD) and TEM. The optical
properties were studied using UV-Vis-NIR
spectrometer and the electrical characteristics of
ZnO films were determined using 4-points
current-voltage
characteristic
at
room
temperature.
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Figure 1: SEM image (tilted at 45°) of ZnO film
grown by the three step process; the ZnO nuclei on
glass slide were prepared by annealing of spin-coated
Zn-acetate layer and further growth of ZnO film from
nuclei was occurred in Zn-nitrate and Na-citrate
aqueous solution at 90°C.
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XAS Study of origin of the magnetism in Fedoped BaTiO3

both samples are almost identical, indicating that
Fe cations in both samples have very similar local
structure.
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Dilute magnetic oxides (DMO) are a significant
group of new materials that are interesting for
application as spintronics. Candidates of these
materials
possess
room-temperature
ferromagnetism, when doped with few percent of
transition metal ions, as for example
Mn doped ZnO [1]. In our research we focused on
the Fe-doped BaTiO3. Barium titanate is a well
known ferroelectric material with a perovskite
structure. It was reported that doping of barium
titanate
with
iron
ions
leads
to
ferromagnetism [2-4], thus this material is good
candidate for DMO. However, in spite of reports,
which claimed room temperature ferromagnetism
in this material [2-4], the nature of magnetism is
still not clear. Ferromagnetism may appear also
from impurities in the material, such as clusters or
secondary phases. Therefore, additional studies on
the existence of the intrinsic ferromagnetism in
are
needed.
Fe-doped
BaTiO3
We synthesized two samples of Fe-doped BaTiO3
with the composition BaTi0.98Fe0.02O2.99 and
annealed them in oxygen and nitrogen
atmospheres, respectively. We assumed that iron
incorporation (on Ba or Ti site) depends on
annealing atmosphere. Samples were prepared by
solid state reaction technique. The crystal
structure of the samples was analysed by XRD,
confirming a single phase with (P 4/m m m)
crystal structure. We used EXAFS and XANES
methods to analyse the valance state and site
occupancy of Fe in the BaTi0.98Fe0.02O2.99 ceramics
and to detect eventual Fe impurities or amorphous
Fe secondary phases. XANES and EXAFS spectra
were measured at C beamline of HASYLAB.
The XANES spectra of the two samples are
identical, indicating that there is no difference in
valence state and local symmetry of iron atoms in
the samples annealed in different atmospheres.
Comparison of the XANES spectra of the samples
and reference Fe compounds with well established
Fe2+ and Fe3+ valence states showed that all iron in
synthesized samples is in trivalent form.
For EXAFS analysis with IFFEFIT programme
code FEFF6 [5,6] models were constructed for Fe
located on Ba and Ti site, based in the BaTiO3
crystal structure (P 4/m m m). Fe surroundings are
significantly different for both crystallographic
sites. Fourier transforms of EXAFS spectra of

Figure 1: Fourier transform magnitude of the k2weighted EXAFS spectrum of the BaTi0.98Fe0.02O2.99 sample
annealed in oxygen, calculated in k-interval of [4 A−1 - 11
A−1] . Blue line - experiment, red line – best fit EXAFS
model.

For sample annealed in oxygen a very good fit
was obtained in the k-interval of [4 A-1 − 11 A-1]
and R interval of [1.2 A-1 − 4.2 A-1] with the
model for Fe on Ti crystallographic site (Fig. 1).
No Fe impurities or secondary phases were
detected. Therefore we can conclude, that Fe3+
atoms substituted Ti4+ on B sites of the perovskite
BaTiO3 host matrix. Magnetic measurements
showed that this well-processed Fe-doped BaTiO3
ceramics at doping level 2% is nonmagnetic.
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Paramagnetic centres created in anatase titanium
dioxide ( TiO 2 ) powders under ultraviolet (UV)
and visible light illumination were investigated.
Centres were detected by electron paramagnetic
resonance (EPR) and their g factors
were
calculated within crystal fied theory. The time
evolution of signals was also measured. Both
electrons and holes can be trapped and create EPR
active centres. Electrons are trapped as Ti 3+ and

O2

−

centres and holes are trapped as O − centres.
In addition, powders were sensitized with
commercial dye Ruthenizer 535, which is
frequently used for fabrication of Grätzel solar
cells. The majority of the EPR signal in sensitized
powders originated in trapped electrons, which
confirms interfacial charge transfer between the
dye and TiO 2 . Intensity of the EPR signal and
partial intensities of particular centres varied
among powders with different particle size. The
signal was most intense in powder with the
smallest particles and largest active surface. The
same TiO 2 powders that were studied in EPR
experiments were also used for fabrication of
Grätzel-type solar cells. Solar cells with the best
performance (maximal efficiency up to 0.5 %)
were made of powders with the most intense EPR
signal.
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Poly-ether-ether-ketone
(PEEK)is
a
semicrystalline thermoplastic with excellent
mechanical and chemical resistance properties
that are retained to high temperatures. The PEEK
corrosion resistant coating has melting
temperatures above 340°C and mechanical
properties retained to about 260°C. Tensile
properties of the PEEK corrosion resistant coating
are
comparable
to
most
engineering
thermoplastics. Creep resistance is outstanding
and may sustain large stresses over a useful
service life without measurable strain1. Modulus,
tensile strength, thermal stability, and thermal
conductivity of PEEK exhibited remarkable
improvement with the addition of WS22, which is
MoS2 isomorph, therefore similar improvement of
mechanical properties can be expected with our
MoS2 nanomaterials3 (Figure 1).
Electron microscopy studies and some
friction tests of the nanocomposite coatings,
which contained extremely low concentrations of
MoS2 nanotubes (0.2 wt.%) will be presented.

Friction under dry reciprocal test strongly
decreased at low loads with respect to pure PEEK
coatings. The nanocomposite coating retained also
under conditions where the control PEEK coating
without MoS2 nanotubes were completely worn
out.

Figure 1: Thin film of PEEK-MoS2 polymer
composite coating
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Figure: A 120 nm line written in the PMMA
resist showing corrugations arising from electronbeam instability.

Electron beam lithography is nowadays one of
the most established techniques for fabricating the
extremely fine structures on the nanoscale. The
final size of these structures is a result of the
factors of the whole lithographic process but is
primarily dependant on the lithographic system
being used.
There are two basic groups of systems which
differ in their price and resolution capabilities.
Dedicated systems, used for commercial
applications, are capable of producing linewidths
of 10 nm and less. Converted electron microscope
systems on the other hand exhibit a bit lower
resolution which stops at around 50 nm.
At the department of Complex matter, at Josef
Stefan Institute, we use the JSI Schottky field
emission scanning electron microscope JEOL
JSM 7600F, upgraded with a Xenos accessory.
We use the system mostly for fabricating submicron electrodes and electric circuits for the
nanomaterial research and applications.
In the latest tests the dimension limits of
isolated features (lines, dots) were investigated
and efforts to increase the resolution and
reproducibillity have been made. We searched for
the optimal exposure parameters and tested
various alternatives in the preparation of the ebeam resist layers. The poster presents some new
achievements (Fig.), results of different tests and
directions for future improvements on the
resolution.
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In this year the Nanocenter (Center of excellence
in Nanoscience and Nanotechnology) has gain the
new system for Laser Direct (maskless)
Lithography, Protolaser LDI, which has been
manufactured in the recognised Slovenian
company LPKF, Kranj.
In principle the system incorporates UV laser
(375 nm), 2D acousto-optic deflector, the precise
stage mechanism and in the first phase enables the
resolution of 1 um on the 10x10 cm area.
Currently the system resolution is just below 1
micrometer.
The system is one of the first manufactured, and
we have used the opportunity to test the device for
diverse applications. We have found that
significant advances can be made with
improvements and further optimisation. The
development is continuously going on even with
the help of our observations and comments. We
performed some initial tests on the system and
fabricated the first applications. The poster
presents an overview of the current results. With
some upgrades and implementation of new
exposure schemes we expect to extend the
resolution limit to less than 100 nm.

Figure 1: First test on resolution gave the
smallest linewidths of ~1,7 µm, with the 0,5 µm
pitch.

Figure 2: Golden electrodes for experiments
on DNA molecules. Structured on glass substrate,
the gap between the inner lines is 2 micrometers.
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Mo6S9-xIx is a general formula presenting the
family of nanowires with different stoichiometry
for 4.5<x<6 [1]. Elemental analysis of Mo6S3I6
nanowires showed a 20% excess of elemental
molybdenum[2] compared to the calculated
crystal structure. We assume that this
molybdenum resides in the bundles interstitially
inbetween the single nanowires. By adding
different metals into synthesis or annealing with
addition of them, we investigate the effect of
diffusion of metal atoms into the crystal structure
and its effect on optical absorption spectra and
electronic conductivity of thin nanowire films.
Additionally, we further investigate the effect of
annealing of MoSI nanowires in vacuum, by
carefully eliminating all the possible sources of
oxygen which lead to formation of MoO2. The
aim of these experiments is to determine the
doping and transformation conditions for
achieving significant increases in conductivity
while retaining the original crystal structure.
References:
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nanostructuring
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Reproducible STM studies of metallic single
crystal surfaces and of atomic scale surface
nanostructuring [1] are only possible on properly
prepared samples. The procedure, which is to be
determined for each compound separately
includes alternating ion sputtering and annealing,
precisely controlled by proper structural and
chemical surface analyses. Only single crystals
with surfaces, cut very precisely along the
required crystallographic planes (with accuracy
around 0.1°) are used, since larger mismatch
angles result in steps with too small areas for
large-scale nanostructuring. Such surfaces are
sputtered with 1 kV Ar ions (purity 7.0) and insitu annealed at temperatures, high enough to
flatten the sputtered surfaces and low enough to
avoid surface melting. Several cycles are needed
for properly prepared samples. The surface
structure is controlled by low-energy electron
diffraction (LEED) and the surface chemistry by
Auger electron spectroscopy (AES).
Two AES spectra of an oxidized Nb (110)
surface [2] are shown in Fig. 1 and a LEED
pattern of a cleaned Cu (111) surface is shown
Fig. 2.

Figure 1: Nb (110) AES spectra immediately
after cleaning and after 18.5 hours in UHV.

Figure 2: LEED pattern of a cleaned Cu (111)
surface.
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Recent studies show that some guanine-rich
oligonucleotides with GC termini are able to form
long G-quadruplex-based superstructures termed
G-wires. The unperturbed quadruplex stem and
large length of these G-wires as well as their
mechanical and thermal stability on solid
substrates makes them very promising candidates
for molecular electronic devices [1]. Our previous
investigations [2] show that the oligonucleotide
with the sequence GCGGTG4TGGCG is a
particularly interesting candidate for G-wire
formation.
The proposed folding conformation of this
oligonucleotide is a core bimolecular Gquadruplex consisting of four G-tetrads and two
pairs of GC-termini located at each side of the
stem (figure 1). The 5’ and 3’ GC-ends
presumably link the quadruplexes to each other
into long G-wire structures via formation of
(G:C:G:C) tetrads [3]. To obtain more insight in
the self-assembly mechanism and assess the
validity of our model, we investigated four
analogous oligonucleotides: the above denoted
one and similar ones with either 5', 3' or both GCends missing.

Nuclear magnetic resonance (NMR) experiments
were also used to assess topological
characteristics. Peaks between δ10.5 and 11.6 p.
p. m. were observed, which correspond to imino
protons, involved in Hoogsteen base pairing,
thus confirming the existance of G-quadruplex
structures. Finally we utilized dynamic light
scattering (DLS) measurements in order to gain
information on size of the particles.
References:
[1] N. Ma’ani Hessari, L. Spindler, T. Troha, W. Chi
Lam, I. Drevenšek-Olenik and M. Webba da Silva,
submitted.
[2] L. Spindler, M. Rigler, I. Drevensek-Olenik, N.
Ma’ani Hessari, M. Webba da Silva, Journal of nucleic
acids, 2010, ID 431651
[3] M. Webba da Silva, Biochemistry, vol. 42, pp.
14356-65, 2003.

Figure 1: Proposed folding conformation of
oligonucleotide sequence GCGGTG4TGGCG

We performed UV absorption measurements to
determine the thermal stability and assess their
topology.
The
results
show
that
GCGGTG4TGGCG exhibits the highest (T1/2 =
38°C) and GGTG4TGG the lowest (T1/2 = 25°C)
apparent melting temperature, which indicates that
GC-termini significantly contribute to higher
thermal stabilityof the quadruplex structure.
100

SLONANO 2011, Ljubljana, Slovenia, 26–28 October 2011
AFM measurements in wound dressing
development
U. Maver 1,3, T Maver1,2, Z. Peršin1,2 and K. Stana
Kleinschek1,2
1

Centre of Excellence for Polymer Materials and
Technologies, Tehnološki park 24, SI-1000
2
University of Maribor, Faculty of Mechanical
Engineering, Laboratory for Characterization and
Processing of Polymers, Smetanova 17, SI-2000
Maribor, Slovenia
3
National Institute of Chemistry, Laboratory for
materials electrochemistry, Hajdrihova 19, SI1000 Ljubljana, Slovenia
The focus of this work is the use of AFM as a
characterization method for development of novel
wound dressings. For this cause, we used force
spectroscopy in combination with chemical force
microscopy (CFM) This combination exhibits
great potential for chemical sensing of polymerbased materials, which are mostly the main
components of wound dressings. Due to their
often multi-layered nature, studies of interactions
between different polymeric species are important
in the development stages of such dressings. For
this reason, AFM tips have to be functionalized
with desired functional groups, allowing
attachment of the chosen polymers.
Preparing proper model systems is essential for
effective and cost efficient. Model systems have
to be designed carefully to prevent possible wrong
conclusions about their relation with the modelled
materials in actual wound dressings. Therefore it
is of utter importance to simplify these in such
manner to leave their parts, responsible for their
proper behaviour, unharmed (Figure 1).
Simulating conditions, which arise at the wounded
tissue, is another issue. Using such models that
simulate the target site can be of great help to
understand and asses the behaviour of materials,
to be comprised in the wound dressing. pH and
ionic strength seem to be appropriate to on one
hand provide the basic information about
materials behaviour in a changing environment
and on the other evaluate the applicability of AFM
force spectroscopy to aid the development of
novel wound dressings. Determination of
interactions in different environments is especially
important in design and preparation of modern
wound dressings, which are mostly polymer-based
and
have
withstand
drastically-changing
environments in different wound types during the
healing process [1]. Such environments can
decrease the materials mechanic performance and
lead to degradation of the wound dressing. The
latter can be potentially dangerous for the patient

due to unwanted species in the wound, formed by
its degradation and therefore lead to a prolonged
healing.
In our case, the model system comprised two
different polymers, a model atomically flat
surface, several differently functionalized AFM
tips and two solutions with different pHs and ionic
strengths, respectively.
References:
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World Wide Wounds, Vol. 40 (2006), pp. 85-92.

Figure 1: Schematical depiction
simplification of materials to model systems.
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Introduction
Polyelectrolyte complexes (PEC) in form of
nanoparticles represent one of the most promising
systems for mucosal delivery of proteins. Parameters of
nanoparticles, which favour absorption through
protective properties of carrier material against
degradation of the active ingredient, are small particle
size,
colloidal
stability
and
suitable
hydrophilic/hydrophobic surface properties. Recent
attention was focused on effect of surface properties of
particles for their absorption. It has been reported that
nanoparticles having a more hydrophobic surface more
efficiently cross biological barriers than hydrophilic.
Hidrophobic nanoparticles are less stable than
hydrophilic. To ensure both features the suitable
hydrophilic/hydrophobic balance should be provided.1
PEC are formed by interactions between oppositely
charged protein drug molecules and polymer carriers.2
To characterize the surface properties of protein, free
or incorporated in PEC, the fluorescence spectroscopy
could be used. Information about the protein
conformational changes could be obtained from the
intrinsic fluoresce of protein’s amino acids, e.g.
tryptophan
and
tyrosine.3
Various
extrinsic
fluorescence dyes, which can be covalently attached to
proteins can provide additional opportunities for
protein characterization. Fluorescent dyes which
interact hydrophobically or electrostatically are
interesting for protein surface characterization. One of
these dyes is 4, 4’-bis-1-anilinonaphtalene-8-sulfonate
(bis-ANS). Its fluorescence is sensitive to the dye’s
environment with respect to polarity, viscosity and
temperature. For bis-ANS was found that hydrophobic
interactions dominate the binding of bis-ANS to
solutes.4 For PEC increased hydrophobicity would be
beneficial to cross the biological barriers.5
In this study fluorescence spectroscopy using bis-ANS
as a method to characterize surface properties of
protein and PEC was used. The effect of various protic
and aprotic solvents on fluorescence intensity was
investigated to.
Methods
PEC were prepared with mild polyelectrolyte
complexation method as follows: ovalbumin (in
phosphate buffer, pH 7.4) was added drop by drop into
chitosan solution (in 0.25% acetic acid, pH 4.8) and
stirred for 30 min on the magnetic stirrer. Then
polylactic-co-aspartic acid (PLAA) solution (in 0.01 M

NaOH) was added in drops into the dispersion and
stirred for 45 min obtaining final colloidal dispersion in
chitosan/ovalbumin/PLAA at 1, 0.1 and 0.9 mg/ml,
respectively. The PEC dispersion was characterized by
DLS measurements (Zetasizer Nano ZS, Malvern,
UK).
An extrinsic fluorescent dye bis-ANS was used for
characterization of the surface hydrophobicity of the
protein either alone or in complexes with polymers.
Bis-ANS (5 µM) fluorescence emission spectra were
recorded in the acetone, methanol, ethanol, acetic acid,
phosphate buffer, water. Additionally fluorescence
emission spectra on ovalbumin, polymers and the PEC
(chitosan/ovalbumin/PLAA) dispersions with the same
composition media and pH were recorded. The
excitation wavelength was 385 nm. The emission scans
were recorded from 420 nm to 650 nm.
The morphological evaluation of the polyelectrolyte
complexes was monitored with scanning electron
microscop, JSM-7001F Jeol instrument (Japan). PEC
samples were dried in vacuum.
Results
The self-assembly complexation of polyelectrolyte and
protein in an aqueous media is one of the mildest and
spontaneous formation of nanoparticles. In our study
the polyelectrolyte complexes prepared by the
complexation of the negatively charged ovalbumin
with the positively charged chitosan and coated with
the negatively charged copolymer PLAA, showed a
characteristic Tyndall effect (milky look, average count
rate 162,000 ±15,000 kcps), and the mean particle size
and zeta potential were 320 nm ± 25 nm and 28 mV ±
3 mV, respectively.
Dry PEC show an irregular and spherical to polyhedral
shape represent clusters of individual PEC, mainly due
to drying in the vacuum (Fig.1). However, there are
still visible boundaries between individual particles.
The estimated size of the particles measured on SEM
images is smaller than that obtained by using DLS. The
reason is probably the swelling capacity of the
hydrophilic particles in water when measuring their
hydrodynamic radius.

Fig.1: SEM image of the PEC composed from chitosan, ovalbumin
and poly(lactic-aspartic) acid.

Bis-ANS is applied in various areas of protein analysis,
but mostly to detect the surface hydrofobicity of the
protein.4 The fluorescent properties of the dye are
governed by the solvent relaxation process and
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intramolecular charge transfer reactions. Those
reactions are affected by the environment and
interaction of the dye with solutes. Fluorescence
intensity of bis-ANS dye in different solvents is
presented in Fig. 2.

Fig. 2: Bis-ANS fluorescence intensity in different
solvents with various polarity; a – 0.25% acetic acid, b –
phosphate buffer (pH 7), c – methanol, d – acetone, e –
absolute ethanol, f – 50% ethanol, g - water.

In water bis-ANS fluorescence intensity was negligible
(Fig.2 g). In methanol and ethanol bis-ANS
fluorescence intensity was comparable inspite of the
differences dielectric constants (33 and 24 AsV-1m-1 for
methanol and ethanol, respectively). The highest
fluorescence intensity was observed in acetone, which
is aprotic solvent. In 50% ethanol lower fluorescence
intensity was observed relative to absolute ethanol as
expected. This indicates the fact that the bis-ANS is
hardly fluorescent in an aqueous environment, but
become highly fluorescent in an apolar, organic solvent
(low dielectric constants) or upon contact with
hydrophobic surfaces.4 Hawe et al. found that
hydrophobic interaction of bis-ANS dominates the
electrostatic interaction which we used to evaluate the
surface characteristics of ovalbumin.

component recorded solely is shown in Fig. 3. The
fluorescence intensity of the PEC is the highest
compared to the free ovalbumin recorded in the same
condition and solvent composition. Chitosan and
PLAA showed minimal influence on the bis-ANS
fluorescence intensity. The increase in the bis-ANS
fluorescence intensity for PEC is most likely due to
changes in surface properties of ovalbumin after
complexation with polymers. It was also reported that
interactions of protein with polymer carriers reduce the
dielectric environment of the protein, resulting in the
increased fluorescence intensity. This reflects higher
surface hydrophobicity of protein after complexation in
PEC, which can contribute to the hydrophobic
interactions in biological systems. Such a system could
allow an easier transport through the biological
barriers, exhibiting greater affinity for lipidic cell
membrane and thus to better protein absorption.
Conclusion
The surface properties of free or in polyelectrolyte
complexes incorporated model protein ovalbumin were
characterized with non-polar fluorescent dye bis-ANS.
Surface properties of protein after complexation in
PEC showed higher hydrophobicity compared to free
protein, which is one of the crucial parameters in the
protein absorption. The non-covalent extrinsic
fluorescent dye bis-ANS therefore represent a valuable
tool for protein and nanoparticles surface
characterization.
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Fig.3:
Bis-ANS
fluorescence
intensity
in
chitosan/ovalbumin/polylactic-co-aspartic acid; a – chitosan,
b – ovalbumin, c – polylactic-co-aspartic acid, d – PEC, e –
NPs medium. All samples were recorded in the same
dispersion media.

Results show that non-covalent attached fluorescent
dye bis-ANS at the ovalbumin surface, either free or
after complexation into the PEC show different
intensity. The fluorescence intensity of PEC and each
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Solar light driven photocatalysis is expecting to
make a great contribution to renewable energy
and
environmental
treatment.
Hydrogen
production from photocatalytic water splitting,
photocatalytic water purification, self-cleaning
coatings, or highly efficiency solar cells are
nowadays applications of photocatalyst materials
where the greatest challenge is to increase the
efficiency of solar light utilization. This problem
can be overcome by finding new photocatalysts or
modifying the existent ones.
In the search for the visible-light
photocatalysts, we synthesized, for the first time,
solid
solutions
between
two
known
photocatalysts, bismuth vanadate (BiVO4) and
neodymium orthovanadate (NdVO4), and we
made use of several advanced techniques for their
characterization: x-ray powder diffraction for the
structure and phase composition, x-ray absorption
spectroscopy for the substitutional mechanisms,
diffuse reflectance spectroscopy for the band gap
values, and photoluminescence and fluorescence
lifetime spectroscopy for the electronic structure
and exciton dynamics.
In this study we will report on the
solubility limits of Bi in NdVO4 and of Nd in
BiVO4, and we will show that by Bi doping the
band gap value of NdVO4 can be significantly
decreased, while the band gap of BiVO4 varies
insignificantly
with
the
dopant
(Nd)
concentration. We will also clarify at which site is
Bi incorporated in NdVO4 structure, and Nd in the
BiVO4 structure respectively, and we will discuss
the photofunctional properties of the new
(Bi,Nd)VO4 photocatalyst.
Keywords: photocatalyst, vanadates, solid
solutions.
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Properties of polymer films deposited by
plasma polymerization of hexane – ammonia
gas mixtures

of ammonia in a fed gas.
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Polymer surface properties depend strongly on
type and density of functional groups present on
the surface.
The modification of surface composition or
incorporation of different functional groups into
the bulk polymer during polymerization leads to
the so called tailored surfaces with properties
designed for particular application. Surfaces
enriched by amino functional groups are
appropriate for medical applications as the active
amino groups bound to biological material. When
this property is used to immobilize microbes, the
polymer surface utilizes an anti-microbial
function1.Plasma polymerization provides uniform
functional surfaces and vast variety of parameters
is available to alter the composition and properties
of
precipitated
polymers.
By
plasma
polymerization of hexane - ammonia gas mixtures
in a radio-frequency (13.5 MHz) powered
modified GEC cell 100 nm to 2 µ thick polymer
layers enriched in nitrogen content were deposited
onto viscose foil, viscose fibers and silicon
wafers. Plasma was inductively coupled through
flat five-turn copper coil. Precipitated polymer
films were analysed by vibrational spectroscopy,
XPS analysis and contact angle measurements.
Plasma polymers were deposited at different
contents of ammonia in plasma gas mixtures, in
the range from 25.5 % to 90.2 %. At higher
ammonia content the etching mode prevails which
results in a lack of deposition. Bands in
vibrational spectra of synthesized polymers
indicate presence of N-H bonds. XPS analysis of
plasma polymer surface indicates increased
nitrogen content at higher percentage of ammonia
in a fed gas, with maximum 28.5 % of nitrogen at
86.0 % of ammonia in a fed gas. Contact angles
drop from 80.8 degrees at 31.6 % of ammonia in
a fed gas down to 4 degrees for 86.0 and 90.2 %

Figure 1: Contact angles measured on the surface of plasma
polymers deposited at different ammonia content in a fed gas.
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Metal-oxide based gas sensors, whose response
rely on the change of their electrical resistance
upon the interaction with the target gas [2], have
been widely studied and commercialized. The use
of nanostructured materials is useful mainly for its
huge surface-to-volume ratio, which leads to
improved gas response. The use of single
nanowire (NW) devices allows to investigate their
gas sensing properties without any average effect
on different nanowires. It also avoids the potential
effect of grain boundaries, allowing to focus on
the properties of the nanostructure under
investigation.
Because of their tiny diameter, comparable to the
Debye length, monocrystalline nanowires’
electronic properties are strongly influenced by
the processes that take place at their surface. This
means that a smaller diameter leads to higher gas
response. Even though the space charge model has
been confirmed in many works [2], there are still
few reports on the diameter-dependence of
nanowires gas response. In the present work
single nanowires with different diameter size are
characterized as nitrogen dioxide sensors. Gas
sensor response of the devices is investigated as a
function
of
working
temperature,
gas
concentration and nanowire diameter. All the
devices present an optimum working temperature
around 250-350°C. Their response is linear
towards gas concentration up to 500 parts per
million, then starts to saturate, reaching a
maximum response of 18.9 to 1000 ppm NO2 for
the best device (thinnest nanowire).
Limit of detection is 7.2 ppm for the same device,
while response time and recovery are very fast (3
seconds each @ 400°C) and the percentage
recovery degree is about 2%.
These working parameters make single
nanowires-based devices ideal candidates for real
time gas sensors.
Gas sensing properties (response, response time
and recovery time) are studied as a function of the

nanowires diameter, in order to investigate the
depletion layer model which is used to explain the
sensing mechanism of monocrystalline metal
oxide nanowires.
A good confirmation of such model is found, with
a depletion layer depth of around 14 nanometres.
This work was financially supported by the

Fondazione CARITRO Project ODINO.
Figure 1:
SEM image of the as-grown nanowires forest. The inset

shows the NW diameter distribution
Figure 2:
Left: SEM image of a single-nanowire device, composed
by the SnO2 nanowire (117 nm diameter) bridging the
two Ti/Pt electrodes.
Right: zoom images of the different nanowires
investigated: from bottom up, we have 117, 103, 78, 62
and 41 nm.
References:
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submitted.
[2] B. Hoffheins, Solid state, Resistive gas sensors,
Handbook of Chemical and Biological Sensors, Ed.
Taylor and Schultz, Philadelphia 1996.
[3] S.M. Sedghi, Y. Mortasavi and A. Khodadadi, Low
temperature CO and CH4 dual selective gas sensor using
SnO2 quantum dots prepared by sonochemical method,
Sens. Actuator B 145 (2010) 7-12.
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Poly(zinc dimethacrylate) as a precursor in
the Formation of Polymer-ZnO Hybrid
Materials and/or ZnO Nanoparticles
Gabriela Ambrožič,a, b Srečo D.
Škapin,cMajda Žigona,b and Zorica Crnjak
Orela,b

that the degradation of the polymer chain or the
formation of insoluble Zn(OH)2 does not occur.
The obtained single-crystalline ZnO
nanorods show a low tendency to aggregate and
can be effectively re-dispersed once they are
isolated and dried (Figure 1).

a

National Institute of Chemistry, Hajdrihova 19,
SI-1000 Ljubljana, Slovenia
b
Center of Excellence for Polymer Materials and
Technologies, Tehnološki park 24, SI-1000
Ljubljana, Slovenia
c
Jožef Stefan Institute, Jamova cesta 39, SI-1000
Ljubljana, Slovenia
The use of polymers as additives in the
solution-phase synthesis of ZnO nanoparticles has
been shown to be an excellent way of controlling
the crystallites’ size, shape and dispersibility.The
polymers do not only prevent the agglomeration
of the inorganic nanoparticles in the given solvent,
but also control the particle growth by adsorbing
selectively through functional groups on the
surface of the ZnO crystals.1,2 However, in order
to obtain pure ZnO, a follow-up removal of the
polymer template by calcination or long-term UVradiation exposure is needed.
On the other hand, the polymer can be
used not only as an additive but also as a
macromolecular ZnO precursor. In such a case the
ZnO was obtained by a post-calcination of Zncoordinated polymers.3, 4
In this investigation we focus on a simple,
robust and low-temperature synthesis of pure ZnO
nanoparticles and polymer-ZnO hybrid materials
formed by the NaOH-mediated conversion of
poly(zinc dimethacrylate)in 1-butanol, without a
post-calcination.5
Although the synthesis and properties of poly(zinc
dimethacrylate) have already been the subject of
some research investigations, 6-8 there is, however,
only one example reported on its conversion into
ZnO particles incorporated inside the native
polymer-forming nanocomposite.9
ZnO/ZnS
polymer nanocomposites were prepared by
exposing the fibers of poly(zinc dimethacrylate),
pre-synthesized
bysolid-state
γ-ray
polymerization, to 180 oC and a H2S gas flow.
In our work for the first time we used
poly (zinc dimethacrylate) to prepare neat ZnO
particles. The polymer in this case acts as a
template for controlling the crystal growth as well
as a precursor of neat ZnO nanoparticles formed
under defined reaction conditions, which ensure

Figure 1: TEM image of ZnO nanorods formed
by exposing poly(zinc methacrylate) to NaOH
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Effect of blood sampling on the number of
nanovesicles in blood isolates
Roman Štukelj 1, Apolonija Bedina – Zavec 1,2,
Eva Ogorevc 3, Vid Šuštar 1, Rado Janša4,
Veronika Kralj-Iglič 1
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Laboratory of Clinical Biophysics / Faculty of
Medicine, University of Ljubljana
2
National Institute of Chemistry, Ljubljana
3,1
Laboratory of Biophysics / Faculty of Electrical
Engineering, University of Ljubljana
4
Clinical Department of Gastroenterology,
Ljubljana University Medical Centre, Ljubljana,
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Nanovesicles (NVs) are considered as sub-micron
sized, membrane – enclosed nanoparticles of the
cell interior which are created in the final stage of
budding process of cell membranes. Then, the
buds are pinched off the cell membrane and
become free to move in the surrounding solution.
Nanovesicles take part in the cell to cell
communication. Studies of the origin of NVs
isolated from peripheral blood have shown that
the largest pool comes from platelets (around
80%), followed by erythrocytes (around 10%) and
other cells (T-helper cells, monocytes,..).
The number of NVs in isolates from peripheral
blood is an indicator of the platelet conditions
which may be affected by the shear stress exerted
on blood cells during the blood sampling. Here we
investigate the effect of the blood flow through
the needle on the concentration of NVs in blood
isolates.
Blood was taken from a healthy human donor by
free flow into 2.7 ml(BD Vacutainers, Becton
Dickinson, CA) plastic tube containing 270 µl
0.109 M trisodium citrate. The covers of the
vacutube was removed prior to sampling and the
blood allowed to drop freely into the tube.
Different needles varying in thickness and length
were used. Needles were from MicrolanceTM and
from TIK d.o.o. The dimensions of needles were
specified by the manufacturer. The time needed to
acquire the required volume of blood was
measured. Nanovesicles were isolated by repeated
centrifugation and washing and counted by flow
cytometry as described elsewhere1. It theoretical
description it was taken into account that a large
pool of NVs are created after the blood sampling,
from platelets which remain in blood plasma after
initial centrifugation separating cells from plasma.
Platelets are activated in the shear flow in the
needle which increases their fragility and were
more prone to fragment during the centrifugation.
It was therefore assumed that the concentration of
NVs would be connected to the work of the shear

force in the vicinity of the inner needle wall.
Assuming Poisseuille-Hagen law for flow of
blood through the needle the work A is expressed
by the equation
A = 4ηl2V/t r02
(1)

,

where η is viscosity of blood, l is the length of the
needle, V is the acquired volume of blood, t is the
time needed to acquire this volume of blood and r0
is the radius of the needle. The ratio between work
calculated in two measurements taken within
minutes was taken as the relevant parameter as to
cancel the effect of blood viscosity,
δA = l12V1t2 r022/ l22V2t1r012

.

(2)

Where the subscript 1 denotes the first
measurement and the subscript 2 denotes the
second measurement. This ratio is correlated with
the ratio between the respective concentrations of
NVs in blood isolates δNV.
Fig 1 shows statistically significant correlation between
the quantities δA and δMV

Figure 1: Ratio between the work of the shear force in
the vicinity of the needle wall obtained in two
measurements and the corresponding concentrations of
NVs measured in the two respective blood isolates.

It is concluded that work of the shear force near
the needle wall importantly affects the
concentration of NVs in isolates.
Reference:
1. Šuštar V, Bedina-Zavec A, Štukelj R, et al. Postprandial rise of microvesicles in peripheral blood of
healthy human donors. Lipids Health Dis. 2011;10:47.
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