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Welcome!
Welcome to SLONANO 2009 at the National Institute of Chemistry, Ljubljana, Slovenia.
The SLONANO conferences have been organised annually since 2002, when the first
one-day meeting took place at Jožef Stefan Institute. The conferences started as
national meetings but soon became regional and keep gaining on their international
importance. Through all these years, the basic idea of the conference remains the
same: to foster the rapid exchange of results, ideas and know-how in the field of
nanotechnology. In particular, young scientists are strongly encouraged to present
their work and establish contacts with senior researchers. SLONANO 2009, which is
organised by the National Institute of Chemistry and the Jožef Stefan Institute in
Ljubljana, concentrates on two major topics: "Nanomaterials for Energy Storage and
Conversion" and "BioNanotechnology".
Organizing Committee
Dragan D. Mihailović, Jožef Stefan Institute, Ljubljana, Slovenia
Robert Dominko, National Institute of Chemistry, Ljubljana, Slovenia
Mojca Vilfan, Jožef Stefan Institute, Ljubljana, Slovenia
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Monday, 19 October
Session Title: Energy conversion and storage I

Abstract
page

9.00 – 9.30

Nenad Marković: Electocatalysis; beyond the covalent interactions, Invited

10

9:30 - 10:00

Mogens Mogensen: The Effect of Nano-structures in Solid Oxide Electrodes, Invited

12

10:00 - 10:15

Vincenc Nemanič: Thermionic Energy Conversion Using Nanostructured Cathodes

33

10:15 - 10:30

Nataša Zabukovec Logar: New Materials for Thermal Storage

34

10:30 - 11:00

coffee break

Session Title: Energy conversion and storage II
11:00 - 11:30

Boris Orel: Nanocomposite electrolytes based on sol-gel functionalized ionic liquids, Invited

14

11:30 - 11:45

Gregor Trimmel: Application of Nanocomposite Layers consisting of Electroactive Polymers
and Sulfidic Nanoparticles in Hybrid Photovoltaics
Egon Pavlica: Study of charge transport and recombination in bulk-heterojunction organic
solar cell

35

12:00 – 12:15

Andraž Kocjan: Hydrogen Absorption in Ti-Zr-Ni Alloy

37

12:15 - 12:30

Frank Sinner: The European Center of Nanotoxicology - an Austrian activity

38

12:30 - 12:45

Bojan Jenko: EU Funding opportunities for research - FP 7 calls

39

12:45 - 14:30

Lunch and poster session

11:45 - 12:00

36

Session Title: Nanomaterials, Special Session in Honour of dr. Igor Vilfan
14:30 – 15:00

Anton Ramšak: Quantum entanglement in quantum wires, quantum dots and qubit arrays,
Invited

16

15:00 – 15:15

Dragan Mihailović: From a one-dimensional quantum fluid to an electronic nose with
Mo6S9-xIx molecular wires

40

15:15 – 15:30

Marko Uplaznik: Quantum charge transport in Mo6S3I6 Molecular Wire circuits

15:30 – 15:45

Rudolf Podgornik: Dispersion Interaction between Optically Anisotropic Cylinders at all
Separations: Retardation Effect for Insulating and Semiconducting Single Wall Carbon
Nanotubes

15:45 – 16:00

Abdou Hassanien: Contactless characterization of metallic and semiconducting nanotubes

16:00 – 16:30

coffee break

16:30 – 16:45

Christoph Gadermaier: Electron relaxation in MoSIx nanowires

16:45 - 17:00

Jure Strle: Self-organized critical self-assembly in MoSI-GNP

17:00 - 17:15

Gregor Kladnik: Ultra fast Charge transport in nanotubular α-MnO2 self assembley studied
by X-ray resonant photoemission

17:15 - 17:30

Marko Viršek: Raman Spectroscopy of MoS2 and WS2 fullerene-like materials

41
42

43

44
45
46
47
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Tuesday, 20 October
Session Title: Li Ion Batteries I

Abstract
page

9:30 - 9:45

Doron Aurbach: On the use of nano-materials for rechargeable Lion and magnesium
batteries, Invited
Mirjana Küzma: New attractive cathode materials for Li-ion batteries

48

9:45 - 10:00

Jakub Reiter: Ionic liquids for safer 3V lithium-ion batteries

49

10:00 - 10:15

Corrado Locati: Interaction of nanoparticles of high-voltage cathode materials with an ionic
liquid electrolyte
Coffee break

51

9.00 – 9.30

10:15 - 10:45

18

Session Title: Li Ion Batteries II
10:45 - 11:15
11:15 - 11:30

Clare P. Grey: Using local Structural Probes to Understand and Optimise Function of
Battery Materials, Invited
Klemen Pirnat: Green Secundary Li-Ion Batteries

12:00 - 12:15

Boštjan Erjavec: A new approach towards nanostructured high-rate performance insertion
materials
Maryline Mancini-Le Granvalet: Morphology effect of titanate nanotubes and nanoribbons
on TiO2 varieties - anatase and TiO2(b) stability
Jože Moškon: Inter-phase contacts in positive electrodes for Li ion batteries

12:15 - 13:30

Lunch and poster session

11:30 - 11:45
11:45 - 12:00

20
52
53
54
55

Session Title: Bionanotechnology
13:30 - 14:00

Matteo Castronovo: Controlling Proteins Diffusion in Surface- Bound DNA Nanostructures:
The Case of a Type II Restriction Endonuclease, Invited

14:00 - 14:30

Barbara Sanavio: Nanostructures for Prion protein immobilization, Invited

14:30 - 14:45
14:45 – 15:00
15:00– 15:15
15:15 - 15:45

Gorazd Hribar: Protein nanoparticle formation using specifically designed TNF-alpha
analogues
Mateja Cegnar: Self-assembled polyelectrolyte nanocomplexes of alginate and chitosan for
mucosal delivery of protein ovalbumin
Marija Vukomanović: Properties of poly (d,l-lactide-co-glycolide)/Hydroxyapatite
biocomposite with Ioaded Clindamycin
coffee break

22
24
56
57
59

Session Title: Biomimetics – from nano to micro
15:45 - 16:15

Pietro Cicuta: Hydrodynamic synchronization of colloidal oscillators, Invited

26

16:15 - 16:30

Andrej Vilfan: Self-assembled artificial cilia

60

16:30 – 16:45

Blaž Kavčič: Current state and trends in the field of laser micro-structuring

61

16:45 – 17:00

Roman Jerala: nanoBRICKsPRO - synthetic smart nanomaterials from nano to macro

62

17:00 - 17:15

Tina Ukmar: Incorporating drugs into ordered mesoporous matrices

63
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Wednesday, 21 October
Session Title: New materials

Abstract
page

9:00 - 9:30

Marina Tyunina: Nanoscale phenomena in thin-film ferroelectrics, Invited

28

9:30 - 9:45

Matjaž Mazaj: Micro/mesoporus silicate composites: Synthetic approaches and structural
properties
Matteo Tonezzer: SuMBD growth of oligothiophenes thin films: influence of kinetic energy
on sub-monolayer formation and device performance

64

10:00 - 10:15

Irena Drevenšek Olenik: Micropatterning of light-sensitive liquid crystal elastomers

66

10:15 – 10:30

Miha Devetak: Surface structure of Langmuire-Blodgett Films of lipophilic guanosine
derivates

67

10:30 – 11:00

coffee break

9:45 - 10:00

65

Session Title: Cell Biology
11:00 – 11:15

Veronika Kralj-Iglič: Membranous nanostructures

68

11:15 – 11:30

Rok Podlipec: Interaction of liposome carriers on epithelial cells as a model of drug
transport across the blood brain barier
Elisa Migliorini: AFM imaging of growth cones shows a nanopatterned structure of the
cellural surface determined by its motions
Šarka Perutkova: Transition between lamellar and inverted hexagonal phases in
phospholipid self-assembly
Maruša Lokar: Membrane nanotubes connect neighbouring cells in T24 urothelial cell line:
a morphological study
Matija Rojnik: Targeted PLGA and PEG-PLGA nanoparticles for improving photodynamic
therapy in cancer

69

11:30 – 11:45
11:45 – 12:00
12:00 – 12:15
12:15 – 12:30
12:30 – 13:30

70
71
72
74

Lunch
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Abstracts
Invited speakers
Marković Nenad, Material Sciences Division Argonne National Laboratory, USA
Mogensen Mogens, Technical University of Denmark, Roskilde, Denmark
Orel Boris, National Institute of Chemistry, Ljubljana, Slovenia
Ramšak Anton, Jožef Stefan Institute, Ljubljana, Slovenia
Aurbach Doron, Bar Ilan University, Israel
Grey P. Clare, Chemistry Department, Cambridge UK and Stony Brook University, New York, USA
Castronovo Matteo, Temple University, Philadelphia, USA
Sanavio Barbara, International School for Advanced Studies /
SENIL SISSA Elettra Nano Inovation laboratory, Trieste, Italy
Cicuta Pietro, University of Cambridge, UK
Tyunina Marina, University of Oulu, Oulu, Finland
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Electrochemical Interfaces: electrocatalysis
beyond covalent bodings
D. Strmcnik, K. Kodama, D. van der Vliet, C.
Wang,, V. Stamenkovic, and N. M. Marković*
*Material Sciences Division Argonne
National Laboratory, USA

The successful deployment of advanced
energy conversion and storage systems
depends critically on our understanding of
the fundamental bonding interactions at
electrochemical interfaces []. In aqueous
electrolytes, depending on the nature of the
reacting species, the supporting electrolyte,
and the electrode material, two types of
interactions
have
traditionally
been
considered: (i) direct – covalent - bond
formation and (ii) relatively weak noncovalent metal-ion forces that may affect the
concentration of ions in the vicinity of the
electrode but do not involve direct
electrode - reactant/intermediate bonding. The
range of physical phenomena associated with
these two classes of bonds is unusually broad,
ranging from charge transfer, release of the ion
hydration shell, chemisorption, and catalysis.
In this presentation, we address the
importance of both covalent and noncovalent interactions in controlling catalytic
activity of electrochemical interfaces. In
order to give a brief overview of the field,
this presentation will provide a carefully
balanced selection of results for the oxygen
reduction reaction, the hydrogen oxidation
reaction and electrooxidation of small
organic molecules first on metal single
crystal surfaces and then on corresponding
real nanoparticles. By focusing on the
mechanism of action, we demonstrate that
the ability to make a controlled arrangement
of surface atoms presages a new era of
advances in our knowledge of the
electrochemical reactions.

10
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The effect of nano-structures in solid oxide
electrodes
Mogens Mogensen
Fuel Cells and Solid State Chemistry Division
Risø National Laboratory for Sustainable Energy
The Technical University of Denmark
DK-4000 Roskilde, Denmark

Introduction
Nano-sized electrode structures have revealed superior
performance compared to coarser structures [i-iv]. A
laboratory method to obtain such nano-structures is wet
impregnation [v,vi]. The effect of nano-sized electrode
particles may seem in line with the old understanding that
the longer the three phase boundary (TPB), the better
performance has an electrode [vii]. However, the nanoparticle effect may have a different cause. The 10 times
decrease of the polarisation resistance by impregnation of
nano-sized Ni into a Ni-SDC (samaria doped ceria) [i] is
probably not a simple TPB-length-effect, because the Ni
nano-particles on the SDC in the composite electrode
seem not interlinked. Similar observations have been
reported for composite ceramic oxygen electrodes.
Knowledge of the surface structure and composition of
the electrolyte and electrode materials may provide a key
to the understanding. The literature of these phenomena
is reviewed.
Review of data
Recent results [viii-x] that even small amounts in the
range of 1 - 3 % of nano-sized material may have a very
pronounced effect on the electrode polarization
resistance, Rp. Further, such few percentages of undoped
CeO2, which is assumed to have both very low ionic and
electronic conductivity in air as well as relatively low
oxygen surface exchange rate, may decrease the
polarisation resistances of a lanthanum strontium
cobaltite – ceria gadolinia oxide (LSC-CG) composite
electrode by a factor of 2 - 3, see Fig. 1.
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F
ig. 1. EIS of the non-infiltrated and infiltrated LSC
electrodes at 600 °C in air. LSC:CG is non-infiltrated,
SDC means samaria doped ceria, and CeO2 is pure ceria.
The ohmic resistance is subtracted for easier comparison;
from [xi].

12

Many types of materials have a large positive effect
when impregnated as nano-particles [xi]. This raises the
question if all kinds of nano-particles will decrease Rp of
a solid oxide electrode. The data review shows that the
answer is no.
This paper discusses possible mechanisms for the
nano-effect in the context of our knowledge of both
SOFC anode and cathode reaction mechanisms. In
particular, the possibility of a strong interaction between
the nano-particles and the surface structure of the active
electrode materials is pointed out.
In order to really identify the mechanism(s) of the
action of nano-particles in SOFC electrodes there is a
strong need for development of new in-situ surface
characterisation methods.
Conclusions
More knowledge is needed about 1) the properties of
nano-particles of SOFC electrode materials (e.g.
electronic and ionic conductivity, the oxygen surface
exchange rate); 2) the surface reactions during fabrication
and operation of SOFC electrodes.
Acknowledgements
This work was supported financially by The Danish
Council for Strategic Research, via the SERC project
(www.serc.dk), contract no. 2104-06-0011.
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Nanocomposite electrolytes based on sol-gel
functionalized ionic liquids.

methoxysilyl)propyl))imidazolium 1-il)-3,6,9 trioxa
undecan iodide (MC060).

B. Orel
National Institute of Chemistry
Hajdrihova 19, SI-1000 Ljubljana, Slovenia

Adhesion and sealing was achieved without any
additional materials or procedures, thanks to the
capacity of the nanocomposite electrolyte to form Si-O- bonds. Condensation leads to the formation of
organic-inorganic hybrid nanocomposites, giving
rise to quasi-solid–state or gel redox electrolytes.
The advantage of precursor B is that it contains two
imidazolium iodide groups, which means that iodide
species are carried out by the precursor itself and
the only reagent is iodine, which is incorporated in
the gel electrolyte to provide the I3-/I- redox couple,
through the I2+I- ⇔ I3- redox reaction or similar
higher-order interactions. Moreover, precursor B
condenses into a bridged polysilsesquioxane (BPS)
network characterized by cyclic siloxane (T2 in 29 Si
NMR) and cage-like (T3 ) condensation products
(Fig. 2). The advantage of the BPS structure is the
ability of these gels to contain nearly 90 vol. % of
co-solvent. When the co-solvent was MPIm+I- ionic
liquid, the ionic conductivity of the redox
electrolyte was up to 10-2 S/cm.

Despite all the advantages of ionic liquids, they are
still liquids, likely to show leakage problems when
the sealing of the space between the electrodes is
not perfect. For DSPEC (active solar energy
devices) and EC cells (passive solar energy
devices), in which mechanical integrity and
adhesive properties are needed, solid electrolytes
are a much better option. However, this is not an
easy task, since solidification inevitably leads to a
drop in ionic conductivity.

350

300

250

intensity

Electrolytes are ubiquitous materials for many
modern electrochemical systems (lithium batteries,
dye sensitized photoelectrochemical (DSPEC) cells,
electrochromic (EC) “smart” windows, etc). Since
they are usually made of various organic solvents
containing lithium salts or redox couple, their use in
electrochemical devices and systems has created a
lot of scepticism regarding sealing problems,
photochemical stability and the solubilization of the
salts. Ionic liquids are much better practical
materials, because they combine high ionic
conductivity (they are composed only of ions) with
non-volatility, and non-flammability [1].
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Fig. 1 Structures of multifunctional ionic liquids:
A) single end-capped 1-(2-(2-methoxyethoxy)etyl)
3-(3-(3 methoxysilyl)propyl)imidazolium iodide
(MC032) and B) bis end-capped 1.14 bis(3-(3-(3
14
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Various approaches to the solidification of ionic
liquids exist, e.g., the incorporation of various
polymers, the addition of low molecular weight
gelators or various nanoparticles (SiO2, TiO2,…)
and the preparation of ionic liquids with
polymerisable groups (vinyl [2, 3], acryl, alkoxy
[4]). Solidification performed via sol-gel
functionalized imidazolium-based ionic liquids, as
shown in Fig. 1, brought about better penetration of
the electrolyte into the electrodes (such as porous
TiO2) and stronger interface bonding, resulting in a
compact and strongly bonded cell.

T1

+MC060+MPIm I
(1 : 10)
gel

B

MC060 gel
- 43.1

50
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MC060 initial
0
-20

-40
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-80

-100

δ [ppm]

Fig. 2. 29Si NMR spectra of initial precursor B (Fig.
2), aged 21 days (B) and precursor mixed with
propylmetylimidazolium idodide (MPIm+I-) ionic
liquid (C).
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Chemistry 1996, 35 (5), 1168-1178.
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Ionic Liquids, Wiley, 2005
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Quantum entanglement in quantum wires,
quantum dots and qubit arrays
A. Ramšak
Faculty of mathematics and physics,
University of Ljubljana
and J. Stefan Institute, Ljubljana, Slovenia
Einstein, Podolsky and Rosen have in their paper
from 1935 concluded that quantum mechanical
description of reality as given by wave functions is
not complete. Although this article represents
Einsteins's most cited publication, is today quantum
entanglement -- the origin of the debate in 1935 -not considered a paradox, but is an essential
resource in emerging field of nanoelectronics. We
will present how a quantitative measure of
entanglement can be introduced [1,2] and review
some proposals of perfect entanglers based on
coupled quantum dots and wires [3,4]. Quantum
entanglement can also be a very efficient precursor
of quantum phase transitions in correlated solid
state systems and as an example some results related
to entangled qubit pairs on the Shastry-Sutherland
lattice will be presented [5].
References:
[1] A. Ramšak, I. Sega, and J.H. Jefferson, Phys.
Rev. A 74, 010304(R) (2006).
[2] A. Ramšak, J. Mravlje, T. Rejec, and A. Lautar,
Europhys. Lett. 86, 40003 (2009).
[3] A. Ramšak, J. Mravlje, R. Žitko, and J. Bonča,
Phys. Rev. B 74, 241305(R) (2006).
[4] A. Ramšak and J. Mravlje, Eur. Phys. J. B 61,
419 (2008).
[5] S. El Shawish, A. Ramšak, and J. Bonča, Phys.
Rev. B 75, 205442 (2007).
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Title: On the use of nano-materials for
rechargeable Li ion and magnesium batteries
Doron Aurbach
Department of Chemistry
Bar Ilan university
Ramat Gan 52900
Israel
There is no question that we experience in these
days the nano-revolution. The improvement in
imaging and manipulation technologies (e.g. high
resolution electron microscopy, scanning probe
microscopy etc.) in recent years, enables to study
rigorously materials, surface architectures and
composite structures in the nanometer scale. Hence,
we see in recent years an explosion of innovative
work
related to nano-materials and nanotechnology. Naturally, we would like to extend
nano-technology also to the field of energy storage
& conversion, with a clear incentive: the nanostructure may improve considerably the rate
capability of energy storage devices.
However, nano-structure also means high surface
area and hence high surface reactivity.
In this presentation we discuss the relevance of nano
technology to 2 systems: rechargeable Li ion
batteries and rechargeable Mg batteries.
In Li batteries most anode and cathode materials are
thermodynamically unstable with the relevant
electrolyte solutions (e.g. LiPF6 in alkyl carbonate
mixtures.) and hence develop rich surface
chemistry. In case of the anode side, only
compounds which red-ox activity is above 1.5V vs.
Li (e.g. lithiated titanium oxide compounds) do not
develop passivating surface films. In the cathode
side, all lithiated transition metal oxide cathode
materials react with standard electrolyte solutions
(via their negatively charges oxygen atoms) and
develop surface films that from one hand passivate
well the active mass but from the other hand cause
severe problems of inter-particle electrical contact.
In order to examine the effect of the particle size,
we chose a synthesis with which most of lithiated
transition metal cathode materials of interest can be
prepared as nano-particles: self-combustion
reaction. The starting materials are the metal nitrates
at the right stoichiometry and a fuel (we chose
sucrose). A red-ox reaction between the nitrates and
the fuel upon heating, provide a very good mixing
of the relevant atoms and forms the necessary
metallic cations – oxygen anions framework. Nano
particles are thus formed and the particle size can be
increased, controlled and monitored by further
calcination at elevated temperatures. The
temperature and duration of the calcination process
18

determine the final morphology of the active mass.
Hence, we have a nice methodology in which
several types of cathode materials in a variety of
particle sizes are produced and compared in a single
study.
The particle size indeed determines
performance and the necessary optimization will be
discussed.
In contrast to the lithiated transition metal oxides,
the oxygen atoms of olivine compounds (e.g.
LiFePO4, LiMnPO4) are much less reactive than
those of LixMOy and hence, LiMPO4 materials can
be used as nano-materials in Li ion batteries. In fact,
all LiMPO4 compounds suffer from very poor
transport properties (both ionic & electronic) and
hence, only their use as nano-particles make them
relevant as cathode materials in Li batteries. We
will demonstrate the very high performance of
LiMn0.8Fe0.2PO4 as a new cathode material from this
family. The synthesis and study of nano-micro
materials is thoroughly discuss in this presentation.
Also, surface chemistry aspects which relate to the
particles' size is discussed.
In turn, there is no passivation phenomena in
rechargeable (non-aqueous) Mg batteries. The
electrolyte solutions for these systems are selected
accordingly, because Mg electrodes cannot behave
reversibly while being covered by surface films.
Thereby, the use of nano materials cathodes (e.g.
Mg-Mo-S-Se Chevrel phases) for Mg batteries is
very feasible and enables to obtain high rates.
.
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Using Local Structural Probes to Understand
and Optimise Function of Battery Materials
Clare P. Grey
Chemistry Department, Cambridge UK and Stony
Brook University USA
The application of new Nuclear Magnetic
Resonance (NMR) approaches to correlate structure
and dynamics with function in materials lithium-ion
batteries will be described. A particular focus is the
development of methodology to allow these systems
to be investigated in-situ, i.e., under realistic
operating conditions. This allows processes to be
captured, which are very difficult to detect directly
by ex-situ methods. For example, we can detect
side reactions involving the electrolyte and the
electrode materials, and processes that occur during
extremely fast charging and discharging. The
approach will be demonstrated for the anode
material silicon.
Lithium-ion batteries (LIBs)
containing silicon have been the subject of much
recent investigation, because of the extremely large
gravimetric and volumetric capacity of this anode
material. This material undergoes a crystalline-toamorphous phase transition on electrochemical Li
insertion into crystalline Si, during the first
discharge, hindering attempts to link structure in
these systems with electrochemical performance.
We apply a combination of static, in-situ and magic
angle sample spinning, ex-situ 7Li and 29Si nuclear
magnetic resonance studies to investigate the
changes in local structure that occur in the actual
working LIB. The first discharge occurs via the
formation of isolated Si ions and smaller Si-Si
clusters embedded in a Li-ion matrix; the latter are
broken apart at the end of the discharge forming
isolated Si ions. A spontaneous reaction of the
lithium silicide with the electrolyte is directly
observed in the in situ NMR experiments; this
mechanism results in self-discharge, and potentially
capacity loss, if Si-based LIBs are discharged to low
potentials. Additional applications to investigate Li
dendrite formation in situ by NMR and the use of
NMR to investigate nanomaterials in conversion
reactions will be described.

20
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Controlling Proteins Diffusion in Surface-Bound
DNA Nanostructures:
The Case of a Type II Restriction Endonuclease.

Agnese Lucesoli, Anastasia Kurnikova, Pietro
Parisse, Mario Grassi, Elham Mirmontaz,
Loredana Casalis, Giacinto Scoles, Matteo
Castronovo*
matteo.castronovo@temple.edu, Temple University,
College of Science and Technology - Biology Dep.
1900 North 12th Street, # 449, Philadeplphia, PA
19122, Fax: 215-204-6646.

DNA nanostructures can be promisingly exploited
to develop innovative bio-molecules sensors able to
ultimately achieve single-cell sensitivity. The effect
of nanometric confinement on the biochemical
activity of the DNA molecules is, however,
substantially unknown.
In this work in particular, we focus on the study of a
restriction enzyme reaction (DpnII) within DNA
nanostructures on flat gold films by Atomic Force
Microscopy (AFM). Typically we work with a few
patches of DNA Self Assembled Monolayers
(SAMs) that are hundred nm in size and are
lithographically fabricated within alkylthiol SAMs
by AFM Nanografting. We start by nanografting a
few patches of a DNA molecule of 44 base pairs
with a 4 bps recognition sequence (specific for
DpnII) in the middle. The enzymatic reactions were
carried out over nanopatches with different density
and shape. The capability of the DpnII enzyme to
reach and react at the recognition site is easily
varied by controlling the DNA packing in
the nanostructures. Inside our ordered DNA
nanostructures the enzyme can operate down to the
limit in which the space between adjacent DNA
molecules is equal to the size of the DNA/Enzyme
complex. Moreover, further experiments were
carried out to clarify the mechanism of the
enzymatic digestion within nanostructures. The
results indicate that, surprisingly, enzyme molecules
access to DNA molecules that are assembled within
the nanostrutures from the borders of the
nanostructures rather than from their topmost part.
Our results demonstrate the possibility to control the
diffusion of enzymes, and more in general of
proteins, inside surface-bound DNA nanostructures
having a topographic height of about 10 nm from
the surface. The obtained 2D protein diffusion can
be tuned and ultimately arrested on the surface by
controlling only just the steric hindrance inside
the DNA nanopatches.
22

In general our findings are opening the door to
novel applications of DNA nano-assemblies in both
the fields of biosensing and fundamental biophysics.
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Nanostructures for Prion protein immobilization
Sanavio B.1,2, Grunwald C.3, Legname G.1,4,5,
Scoles G.1,2,5,6, Casalis L.1,2,5,6.
1.SISSA - ISAS, International School for Advanced
Studies,
via Beirut 2-4, 34151 Trieste, Italy
2. SENIL SISSA ELETTRA Nano Innovation
Laboratory @ ELETTRA Sincrotrone Trieste
S.C.p.A., S.S. 14 Km 163.5, 34149 Basovizza,
Trieste, Italy
3. Johann Wolfgang Goethe-Universitaat Frankfurt
am Main, Institute of Biochemistry, Biocenter Maxvon-Laue-Strasse 9 D-60438 Frankfurt, Germany
4. ELETTRA Structural Biology Laboratory,
Sincrotrone Trieste S.C.p.A. , Sincrotrone Trieste
S.C.p.A., S.S. 14 Km 163.5, 34149 Basovizza,
Trieste, Italy
5. IIT - Italian Institute of Technology, SISSA-ISAS.
Unit, Via Beirut 2-4, 34151, Trieste, Italy
6. CBM Srl - Cluster in Molecular Biomedicine,
S.S.14 Km 163.5, 34149 Basovizza, Trieste, Italy
Even in physiological environment, proteins
experience spatial constrains that affect the
thermodynamics and kinetics of folding and, as a
consequence, their activity. Artificial confinement
of proteins can be introduced by patterning proteins
on surfaces. Our aim is to provide nanoscaled spots
to capture recombinant mouse prion protein
recMoPrP(89-230) in an oriented and controlled
manner and to study the effect of such confinement
on the system activity.
We chose Atomic Force Microscopy (AFM), one
of the foremost tools for imaging, measuring and
manipulating matter at the nanoscale, to control
molecular density and orientation during spot
fabrication, and to detect binding events [1,2] on the
receptors structure in a direct way, without any
labeling.
Briefly, a self assembled monolayer of HS−
(CH2)11−EG3 is used as a reference surface in which
Nitrilotriacetate (NTA) modified thiols (HS−
(CH2)16−EG3−NTA) are patterned via nanografting
at the submicrometer scale allowing for the oriented
immobilization
of
histidine
tagged
Fabs.
Specifically, recombinant mouse prion protein
residue 89 to 230 (recMoPrP(89-230)) has been
selectively oriented and anchored on submicrometer sized antibody arrays. Two monoclonal
antibody fragments (Fab), namely cloneP and D18,
can bind site-specifically recMoPrP(89-230) with
sub nM affinity thus allowing its trapping on the
surface in a controlled and oriented manner,
exposing it in different orientations to the AFM tip.
The molecular dimensions and the response to
24

different environmental conditions have been
studied. A characterization of the device will be
presented as a function of the receptor density,
which can be tuned during the fabrication process,
and of the different binding conditions (i.e. MoPrP
concentration, pH of the buffer solution).
References:
[1] Staii C, Wood D W, Scoles G 2008 JACS
130 640
[2] Staii C, Wood D W, Scoles G 2008 Nano
Letters 8 2503
[3] Liu M, and Liu G-Yu 2005 Langmuir 21
1972.
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Hydrodynamic synchronization of colloidal
oscillators
Jurij Kotar,1 Marco Leoni,1, 2, 3 Bruno Bassetti,4
Marco Cosentino Lagomarsino,4
and Pietro Cicuta1
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Cavendish Laboratory and Nanoscience Centre,
University of Cambridge,
Cambridge CB3 0HE, U. K.
2
Dip. Fisica, Universita di Milano, Via Celoria, 16,
20133 Milano, Italy
3
Department of Mathematics, University of Bristol,
Bristol, BS8 1TW, U. K.
4
Dip. Fisica, Universita di Milano, Via Celoria,
16, 20133 Milano, Italy, and INFN, Milano, Italy

Two driven oscillating colloidal spheres lock into
antiphase motion, showing some typical features of
coupled nonlinear oscillators, as well as surprising
properties caused by the interplay of thermal noise
and hydrodynamic interactions. We show this by
realizing the system experimentally and studying it
with analytical calculations and simulations.
Experimentally, the oscillations are driven by
switching the position of optical traps, triggered by
the spheres reaching a limit coordinate.
The oscillations are bounded in amplitude and have
freedom in phase. The spheres are coupled only
through the viscous hydrodynamic flow they
induce. An analytical solution in the absence of
stochastic noise predicts an antiphase dynamical
state, and a coupling-strength dependent period.
Both features are observed experimentally.
Thermal noise induces weakly correlated
fluctuations to the phase difference, and one of the
oscillators typically precesses the other by a small
characteristic time. When the natural frequencies of
the oscillators differ, the coordination is quickly
lost. The model presented here is important for the
quantitative understanding and control of the
equivalent phenomenology in the synchronization
of cilia and flagella, where hydrodynamic coupling
gives rise to dramatic coordinated motion.
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Figure 1: Driven oscillations of fixed amplitude,
but free in phase, are obtained using optical traps.
The trap alternates between two minima with a
“geometric switch” triggered by the position of the
colloidal particle. The trap separation in a pair is
1µm, the distance from the minimum at which the
traps are switched ξ = 0:248µm. The distance
between trap pairs is in the range 4µm < d < 40µm.
Particle positions are overlayed on an image
sequence of a pair of particles undergoing driven
oscillations controlled by the geometric switch.
Antiphase motion can be seen. Images are shown
every 0.1s, and data points are shown every 0.01s.
Scale bar is 5µm..

_____________________________________________________________________________
SLONANO 2009, Ljubljana, Slovenia, 19 – 21 October 2009
27

SLONANO 2009, Ljubljana, Slovenia, 19–21 October 2009

M. Tyunina
Microelectronics and Materials Physics
Laboratories, University of Oulu, Finland
Many ABO3-type metal oxides exhibit ferroic
behaviour, i.e. they have at least two equivalent
orientation states, which can be switched from one
to another by external field. For instance, in the
most widely known ferroics - ferromagnetics,
magnetization is switched by magnetic field. In
ferroelectrics (FEs), polarization state is changed
under applied electric field. In ferroelastics, strain is
changed by stress. In multiferroics, several ferroic
phenomena coexist.
ABO3 perovskite-type FEs (e.g. BaTiO3) possess
remarkable properties with huge potential for
versatile device applications, in particular,
additionally to switchable polarization: dielectric
permittivity (1…100)×103, piezoelectric coefficient
(1…30)×102 pm/V, pyroelectric coefficient (1…50)
×10-4 C/(m2K). Modern devices require FEs with
geometrical dimensions at nano-scale. Among such
FEs are thin and ultrathin films, superlattices, and
epitaxial composites.
With shrinking geometrical sizes, properties of
materials are known to change. With decreasing size
below a certain critical one (at nano-scale), totally
novel properties can appear. In FEs, possible origin
of nanoscale effects can be connected with strain,
presence of interfaces, and existence of critical size
for FE stability. Understanding and control of these
effects are vital for developing electronic materials
and devices. In the talk, some of recent results of
studies of nanoscale effects in perovskite thin-film
FEs will be briefly described.
Epitaxial thin-film FEs of different design were
prepared using in situ pulsed laser deposition. In
order to study strain effects, thin (25 – 800 nm) and
ultra-thin (5 – 15 nm) films of FEs, and superlattices
with period to few unit cells [Fig. 1] were grown on
substrates and/or electrode layers with large
mismatch of lattice parameters of constituents.
Strain as large as 2 % was achieved. For studies of
influence of surfaces and/or interfaces, superlattices
of pseudo-cubic paraelectric constituents with
excellent lattice match were grown. In such strainfree superlattices without spontaneous polarization,
evolution of crystal structure and dielectric
properties with decreasing period can reveal the role
of interfaces between constituents. To study effect
of size, strain-free epitaxial films with different
thickness were grown.
Crystal structure of the grown FEs was analyzed in
details using x-ray diffraction studies. Average and
28

local polarization, dielectric, optical, and electromechanical behaviour of FEs were experimentally
investigated in broad range of measurement
conditions, specifically adjusted for thin-film
heterostructures. The experimental results were
compared with the results of phenomenological and
first principles modelling.
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Figure 1: Θ-2Θ x-ray diffraction pattern in the
vicinity of (002) perovskite reflection in multilayers
and superlattices of Ba0.8Sr0.2TiO3:Ba0.4Sr0.6TiO3.
For period below 126 unit cells, presence of
satellites indicates formation of superlattices.
Our experimental studies have confirmed
theoretically predicted increase of the temperature
of FE phase transition with increasing magnitude of
strain. However, the nature of phase transition has
been found to change too [1]. The strain-controlled
enhancement of polarization in some ultrathin nonFE films has been obtained [2], also in agreement
with modelling. In contrast to this, in superlattices,
lack of direct correlation between strain and
polarization has been found [3]. Presence of specific
interfacial layers between superlattice constituents
and their influence on growth and properties of FEs
has been evidenced [4]. Considerable difference
between intrinsic properties of strain-free FE films
and properties of bulk FE has been detected too [5].
References:
[1] M. Tyunina et al., Phys. Rev. B 75 (2007)
140102(R).
[2] M. Tyunina et al., J. Phys.: Condens. Matter,
Fast Track Communication 21 (2009) 232203.
[3] M. Tyunina et al., Phys. Rev. B 76 (2007)
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[4] J. Narkilahti et al., Phys. Rev. B 79 (2009)
014106.
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Thermionic Energy Conversion Using
Nanostructured Cathodes
Vincenc Nemanič, Marko Žumer, Bojan Zajec,
"Jozef Stefan" Institute, Ljubljana, Slovenia
Franz A.M. Koeck, Robert J. Nemanich,
Arizona State University, Phoenix, USA Authors
The efficient direct conversion of thermonuclear heat into electrical energy is applied in the
space application for decades. Today, searching for
an effective method of capturing waste heat and
solar light at much low temperature becomes
challenging since some promising nanostructured
materials have been synthesized recently. So far, the
research on nitrogen doped diamond films has
established thermionic emission at less than 300 °C
indicating an emission barrier of less than 1.4 eV
[1]. Beside the low work function, good electrical
conductivity, thermally stable up to 800 °C and
vacuum compatibility are required with no
limitation for preparation of large area thin films
with
cost
effective
deposition
systems.
Theoretically, an efficient thermionic energy
conversion with up to 20% efficiency and a hot side
operating temperature of less than 500 °C could be
prepared. Experimentally, this goal seems far more
distant. For some further progress, any preparation
step must be followed by detailed nanoscale
characterization of the most advanced materials and
tested for electron emissivity which is the key
parameter for high energy conversion efficiency of
potential devices. A design of a measuring cell
where only the field emission from flat cathodes can
be measured in high vacuum with additional feature
to present the lateral emission uniformity was tested
and has been described elsewhere [2]. A new setup
for measurements of field emission or thermionic
emission separately or simultaneous have been
upgraded recently. This unique capability was
demonstrated on nanodiamond films deposited on
25 mm diameter metal substrates in the range from
200 to 550 °C. Our method represents an
indispensable complement to a set of measurements
to provide the scientific basis to advance this
potentially promising research field.
References:
[1] F.A.M. Koeck, RJ. Nemanich, Diamond Relat.
Mater. 15, 217-220 (2006).
[2] F.A.M. Koeck, M. Zumer, V. Nemanic, R.J.
Nemanich, Diamond Relat. Mater. 15, 880-883
(2006).
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adsorbents available today have been optimized for
applications very different from heat transformation,
primarily for gas separation and catalytic processes
in the chemical industry.

New Materials for Thermal Storage
Nataša Zabukovec Logar, Alenka Ristić and
Venčeslav Kaučič
National Institute of Chemistry, Hajdrihova 19,
1000 Ljubljana, Slovenia
For the best performance of thermal energy storage
(TES) systems, which serve many applications from
the integration of renewable energy sources to
energy efficient domestic applications, their power
density and robustness are crucial. Most of the
current technologies (short- and long-term storage
applications) store thermal energy as sensible heat,
i.e. the temperature of sensible heat storage
materials (SHS), like water, raise when they absorb
heat and vice versa. The disadvantages of SHS are
low energy density and high thermal losses over
longer period of time. An alternative to sensible
heat storage are latent heat storage devices (LHS)
that use heat of liquefaction or sorption for storage.
The LHS systems that have been known for about
two decades mostly utilize solid-liquid phase
transition of phase-change materials (PCM) (45
commercially available organic and inorganic
PCMs, like paraffin, fatty acids, metal-acetates, etc.)
and yield energy densities that are a factor of 2 to
2.5-times higher than that for a hot water storage
tank. However, for the long-term thermal storage,
PCM systems are not considered superior to hot
water tanks, because of the higher costs and
accelerated degradation (segregation of material in
the system upon melting, supercooling, corrosion,
etc.).
Much more promising are new LHS systems, which
utilize the chemical and physical solid-gas sorption
process. The adsorption of water vapor on the
surface of a solid adsorbent, like metal chloride,
silica gel, zeolite or activated carbon is an
exothermal process that provides the heat released
or “discharged” from the storage (Figure 1).
Preventing the discharge simply requires to keep the
dry solid adsorbent and the adsorbing fluid, called
adsorptive, in separate closed vessels. Charging of
material is performed with reverse endothermic
process of desorption using, for example, solar or
waste heat. Despite the generally promising features
of adsorption heat storage systems, which do not
suffer from material degradation, the energy
densities realized in the demonstration units using
existing ‘off-the-shelf’ adsorbents are so far
somewhat disappointing. It turned out that technical
adsorbents presently available on the market do not
lead to the desired increased energy density
compared to other available systems. Most technical
34

Recent research has been thus concentrated on the
search for new optimized sorption materials with
significantly increased stored energy density at
elevated temperatures. Some of the most promising
materials are new hydrophilic microporous zeolites
and aluminophosphates, ordered and unordered
mesoporous and microporous/mesoporous silicates,
as well as composite materials, consisting of porous
materials and hygroscopic inorganic salt hydrates,
introduced into the system by different procedures
(impregnation, post-synthetic deposition). In
composite materials, the porous network serves as a
support for the finely-dispersed salts and facilitates
heat and mass transfer [1-3].

Figure 1: Adsorption process of water vapour on
solid
accompanied
with
the
heat
release/consumption.
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Hybrid organic-inorganic solar cells are an
interesting alternative within the field of plastic
photovoltaics, as the acceptor phase can
significantly contribute to light absorption [1].
Control of the morphology of the active layer in
bulk heterojunction organic solar cells is one of the
major aspects for high efficiencies. [2,3] In this
contribution, we present a novel method to prepare
nano-scaled inorganic semiconductors directly
within a matrix of a conjugated polymer, resulting
in a network of organic donor- and inorganic
acceptor phase. The active layer was prepared by
first spin coating of a solution containing inorganic
metal salts (e.g. zinc acetate), a sulphur source (e. g.
thioacetamide) and a conjugated organic polymer
(e.g. poly-para-phenylene-vinylene (PPV)) followed
by a mild thermal temperature step below 200 °C
(see Figure 1). By a proper choice of processing
conditions a nano-structured three-dimensional
network of the two components and various
materials combinations are accessible. As prepared
organic-inorganic semiconductor blends are used as
active layers in bulk heterojunction-type hybrid
solar cells.
Using this approach bulk heterojunction devices
consisting of an electroactive polymer (PPV
derivatives or polythiophenes) and nanocrystalline
CdS, ZnS, PbS or CuInS2 were prepared. The
formation of the inorganic phase was monitored by
X-ray diffraction. The properties of these layers
were studied using transmission electron
35

microscopy (Figure 2) and optical spectroscopy.
Solar cells were characterized by measuring current
density/voltage characteristics and external quantum
efficiencies. I-V curves of a typical polymer-CuInS2
nanocomposite solar cell with an efficiency of about
0.7 % are shown in Figure 3.
References:
[1] Quist, P.; Beek, W.; Wienk, M.; Janssen, R.;
Savenije, T.; Siebbeles, L. J. Phys. Chem. B, 2006,
110, 10315.
[2] Saunders, B. R.; Turner, M. L. Adv. Coll.Int. Sci.
2008, 138, 1.
[3] W. U. Huynh, J. J. Dittmer, A. P. Alivisatos,
Science 2002, 295, 2425.
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Study of charge transport and recombination in
bulk-heterojunction organic solar cells
Polona Skraba, Egon Pavlica, Gvido Bratina
University of Nova Gorica, Laboratory for organic
matter physics
With the implementation and utilization of
conjugated polymers, organic solar cells (OSC)
represent the fourth generation of solar cell
technology that offers the potential of fabricating
flexible semitransparent devices through a
continuous printing process and simple integration
of these devices into a wide variety of products as a
clean, sustainable and renewable source of energy.
Recent advances in the field of OSC have focused
on the study of the bulk-heterojunction (BH) active
layer containing an inter-penetrating network of
phase separated donor and acceptor materials. The
resultant efficiency of the device is largely
dependent on the generation and transport of charge
carriers within the active layer where charge carrier
mobility, recombination, trapping and contact
effects represent the key parameters in device
optimization.
In the presented work, we studied both single
component structures and BH structures, while
focusing on the transport behaviour, determination
of trap levels and contact effects of each component
separately as well as within the BH morphology.
The donor material used in the study was the
regioregular poly(3-hexylthiophene) (P3HT), while
the acceptor material was methanofullerene
(PCBM). Individual layers were deposited by spin
coating onto InSnxO1-x - covered glass. Prior to
deposition of the organic layers an intermediate
layer
of
polyethylenethioxythiophenepoly(styrenesulfonate) (PEDOT:PSS) was deposited
by spin coating. The structures were completed by
vacuum evaporation of Al top contact. Currentvoltage characteristics and current vs. wavelength of
the excitation light were measured in vacuum at
various temperatures. In order to study the mobility
and recombination of the individual layers, the
CELIV (Charge Extraction by Linearly Increasing
Voltage) method was employed at various
temperatures and the time evolution of photocurrent
using 5 nanosecond laser pulses with a wavelength
of 532 nm was measured.
The results on both, the individual donor and
acceptor layer structures, as well as when mixed in a
BH layer structure indicate exponential transport
behavior at low voltages, while at higher voltages
the transport mechanisms differ for the different
structures. Single layer PCBM samples indicate
quadratic behavior above the built-in potential,
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suggesting trap-free space-charge-limited current as
the dominant mechanism in charge carrier transport,
while single layer P3HT samples show a
significantly higher degree of charge trapping. In
addition, the energy of the trapping states extends
deep into the bandgap of P3HT. In contrast,
measurements performed on complete BH
structures result in trapping energy levels of several
tens of meV, which is comparable to room
temperature thermal energy. Consequently, the
charge transport in BH, that is thermally activated
results in increasing photocurrent with increasing
temperature.

Figure 1: I-V characteristics of P3HT single
layer structure, PCBM single layer structure and
bulk-heterojunction structure.
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Hydrogen absorption in Ti-Zr-Ni alloys
¹A.Kocjan, ¹P.J. McGuiness, ¹S. Kobe
¹Department for nanostructured materials, “Jožef
Stefan” Institute, Jamova cesta 39, 1000 Ljubljana,
Slovenia, EU
Our research was focused on the preparation,
hydrogenation and dehydrogenation of Ti40Zr40xNi20Cux (x=3, 5), Ti45Zr38-xNi17Cux (x=3, 5), Ti53Zr27xNi20Cux (x=3, 5) and Ti58Zr24-xNi18Cux (x=3, 5) alloys.
Using a thermogravimeter and an attached mass
spectrometer we studied the weight percent of
desorbed hydrogen and the distribution of desorption
temperatures, which gave us an insight into the
hydrogen bonding energies (sites) in the material,
depending on the structure (Figure 1), i.e. amorphous,
quasicrystalline and crystalline, composition and
hydrogen content.
For the preparation of quasicrystalline (i-phase)
samples we used only melt-spinning technique,
whereas double-phase crystalline powder samples of
hexagonal C14 Laves phase and cubic Ti/Zr solid
solution were prepared by annealing of i-phase ribbons
for 2 hours at 700°C in dynamic vacuum. Amorphous
powder samples were obtained by mechanical alloying
of i-phase ribbons. We found that all samples exhibit
paramagnetic behaviour, where the susceptibility is
fairly constant, regardless of the structure. A linear
decrease of quasi-lattice cell parameter with increasing
Ti/Zr ratio was observed for both, as-prepared and
hydrided samples, where the cell constants of loaded
samples were about 6 % higher. Using TEM we
determined that the average i-phase grain size on the
wheel side of the ribbon was approximately 50 nm,
whereas on the argon side the grains were five times
larger, i.e. 250 nm. The 5-fold symmetry (besides 3and 2-fold) was confirmed by electron diffraction and
high-resolution TEM, which is the basic structural
property of icosahedral quasicrystals, Figure 2. XPS
analysis showed that the thickness of an (zirconium
and titanium) oxide layer on the surface of the ribbons
that were exposed to air for 30 days was only 7 nm,
which implies on the pasivation of the material.
At the end we did a series of vacuum-casting
experiments with different sizes of copper cold
moulds, 3, 2 and 1.5 mm, for samples with the same
compositions as we used for the melt-spinning. Three
milimetre quenched rods of various compositions were
hydrided and studied by vibrating sample
magnetometer (VSM) to see how the magnetic
properties are affected by the absorbed hydrogen,
Figure 3. Also, we compared the mass-spectra of
hydrogen from the quenched rods with those from the
melt-spun ribbons to see how the cooling regime
affects the hydrogen-bonding energy distribution.
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Figure 1: Mass-spectra of hydrogen desorbed
from crystalline, quasicrystalline and amorphous

Ti40Zr40Ni20 samples.

Figure 2: a) HRTEM image with corresponding
electron diffraction of i-phase grain in 5-fold zone
axis, b) random orientation of i-phase grains,
embedded in an amorphous matrix.

Figure 3: Hydrogen induced increase of the
susceptibility in 3-mm quenched rods.
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The European Center of Nanotoxicology – an
Austrian activity
Frank Sinner
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Joanneum Research, Stiftingtalstrasse 24, Graz 8010, Austria,
frank.sinner@joanneum.at

Nanotechnologies and Nanomedicine are promising
fields of scientific research. Experts expect a huge
economic and social impact from Nanotechnologies
and Nanomedicine in the next decades. New
properties associated with size smaller than 100 nm
opens a new world of applications. At the same
time, possible toxicological aspects associated with
nanotechnologies are being discussed in the
scientific community. Nanotoxicity, possibly
resulting from altered chemical and physical
behaviour of nanoparticles compared to bulk
material, is a major concern nowadays. These
phenomena are believed to be related to the extreme
high specific surface area and altered
electrochemical properties of nanoparticles.
The investigation of nanomaterials in terms of their
toxicological
behaviour
is
an
extremely
multidisciplinary challenge. Toxicology of nonnano chemicals is a well established procedure.
Unfortunately, Nanotoxicology is quite more
complicated and standard protocols in Toxicology
can not be used. Nanomaterials have to be
investigated in detail for different parameters like
size, size distribution, shape, charge, etc.
Furthermore, interaction with different matrices like
blood, interstitial fluid, buffers, etc. influences
significantly nanomaterials like, agglomeration, size
distribution, charge, etc. In consequence,
nanotoxicology needs new standardised protocols
which are able to deal with the extreme complexity
of nanomaterials and their toxicological behaviour!
To build a national contact point for
nanotoxicology, the BioNanoNet as a network
company, has initiated the build up of the European
Center of Nanotoxicology (www.euro-nanotox.at).
This virtual center unites all Austrian Experts in the
field of Nanotoxicology and helps to develop
standardized methods. EURO-NanoTox initiates
research projects together with its members and is
links Austrian activities in the field of
nanotoxicology to European activities.
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Within this contribution the European Center for
Nanotoxicology will be presented. The general
strategy of a stepwise approach to investigate
nanomaterials in respect of their potential toxic
properties will be shown. Furthermore, some details
for the investigation of skin penetration of quantum
dots will be addressed.
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EU FUNDING OPPORTUNITIES FOR
RESEARCH – FP7 CALLS
Bojan Jenko
Ministry of Higher Education, Science and
Technology, Slovenia
Numerous programmes, initiatives and support
measures are carried out at EU level in support of
knowledge; 7th Framework Programme of the EU
research activities - FP7, Competitiveness and
Innovation Programme - CIP, Structural Funds
and Cohesion Funds are the key pillars for the
European Research Area – ERA. European
Commission last autumn published "Practical Guide
to EU funding opportunities for Research and
Innovation" on EC Cordis web page.
The 7th Research Framework Programme for the
period 2007-2013 – FP7 (having budget more than
50 billion €) offers many opportunities for research
and supporting activities including infrastructure
and mobility. The FP7 Collaborative research
incorporates 10 thematic priorities including
Nanosciences, Nanotechnologies, Materials and
new Production Technologies (NMP) and
Information and Communication Technologies
(ICT), both covering “Nano”. Work programmes are
defining detailed work plan and details for each call
regarding the thematic priority.
Slovenia has been successful in FP7. Close to 300
Slovenian participants were eligible in contracts for
more than 40 million € for the first two FP7 years
placing Slovenia (per capita) above the EU average.
EC published 51 calls on July 30 this year
(including NMP thematic priority) for 4.1 billion €
EU contribution (which include Recovery Plan PPP
Calls); first calls will be closed before the end of
this year; opened calls thematics regarding
conference (Nano) will be presented.

References: European Research Area – ERA
http://cordis.europa.eu/era/, "Practical Guide to EU
funding opportunities for Research and Innovation"
http://cordis.europa.eu/eu-fundingguide/home_en.html, 7th Research Framework
Programme
for
the
period
2007-2013
(http://cordis.europa.eu/fp7/home_en.html, 51 calls
published
on
July
30,
2009:
http://cordis.europa.eu/fp7/dc/index.cfm?fuseaction
=UserSite.FP7CallsPage .

39

SLONANO 2009, Ljubljana, Slovenia, 19–21 October 2009

From a one-dimensional quantum fluid to an
electronic nose with Mo6S9-xIx molecular
wires
D.Mihailovic, M.Uplaznik, B.Berčič

Jozef Stefan Institute, Jamova 39, SI-1000
Ljubljana, Slovenia
Individual transition metal chalco-halide
molecular wires have extremely low coupling
to the environment and to each other, which
leads to extreme one-dimensional quantum
electronic transport behaviour. A surprising
feature is that even very deformed thin
nanowires exhibit clear evidence of power law
behaviour in temperature or voltage whichever is greater - as an unmistakable
signature of tunneling of electrons through a 1D
Luttinger liquid. Structural defects in the wires,
such as stacking faults may modify the
transport causing a coulomb blockade. The
tunneling contact, when exposed to external
influences is strongly modified, such that the
tunneling resistance typically increases. This
can be used as an effective smell sensor. The
tunneling strongly and systematically depends
on the analyte molecules and the response such
that a large number of different sensors can be
used in parallel to form an electronic nose. The
mechanism for the sensing is discussed with
reference to current theories of mammalian
olifaction, particularly vibrationally-assisted
tunneling.
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Quantum charge transport in Mo6S3I6
molecular wire circuits
M. Uplaznik, B. Berčič, M. Remškar, and
D. Mihailović
Jozef Stefan Institute, Jamova 39,
SI-1000 Ljubljana, Slovenia
While the transport properties of one-dimensional
systems have been of great interest from the point of
view of fundamental physics for some time,
recently, further interest in the transport properties
of nanoscale one-dimensional systems was aroused
because of their importance for the development of
molecular electronics, where diverse molecular
devices (switches, memory elements, sensors) all
need to be self-assembled together with electrically
conducting molecular scale wires. To be of practical
use, the connectors need to have reliable contacts
and also be able to withstand mechanical
deformations while retaining their conducting
properties. Until now there has been no recognized
material which could be used for this purpose, and
this has seriously impeded progress in the
development of large scale molecular electronics in
recent years.
Charge transport measurements on flexible
Mo6S3I6 (MoSI) nanowires with different
diameters in highly imperfect two-terminal circuits
reveal systematic power-law behavior of the
conductivity (T,V) as a function of temperature and
voltage. On the basis of measurements (Fig. 1) on a
number of circuits we conclude that the behavior in
thin wires can be most convincingly described by
tunneling through Tomonaga-Luttinger liquid
segments of MoSI wire, which is in some cases
modified by environmental Coulomb blockade. The
latter are proposed to arise from deformations or
imperfections of the MoSI wires, which - in
combination with their recognitive terminal sulfurbased connectivity properties - might be useful for
creating subnanometer scale interconnects as well as
nonlinear elements for molecular electronics.

Figure 1: A schematic diagram of the circuit
geometry (left) and the AFM topographic images of
the thin wires after annealing (right). The wire
diameter (from the height profile) is 4.2 nm.
References:
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Dispersion Interactions between Optically
Anisotropic Cylinders at all Separations:
Retardation Eﬀ
ﬀects for Insulating and
Semiconducting Single Wall Carbon Nanotubes

Rudolf Podgornik
Faculty of Mathematics and Physics, University of
Ljubljana, Slovenia; Jožef Stefan Institute,
Ljubljana, Slovenia
I will present the complete form of the van der
Waals dispersion interaction between two infinitely
long anisotropic semiconducting/insulating thin
cylinders at all separations. The derivation is based
on the general theory of dispersion interactions
between anisotropic media as formulated in [J. N.
Munday, D. Iannuzzi, Yu. S. Barash and F.
Capasso, Phys. Rev. A 71, 042102 (2005)]. This for
- mulation is then used to calculate the dispersion
interactions between a pair of single walled carbon
nanotubes at all separations and all angles with the
ab initio calculated dielectric spectra of these
materials. I will also present a recently derived
classification of the carbon nanotubes based on the
details of their dielectric response especially
regarding the intricacies of the Drude peak for a
metallic class of carbon nanotubes. Finally I will
consider the possibility of repulsive dispersion
interactions
and
non-monotonic dispersion
interactions is discussed within the framework of
the new formulation.
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Contactless characterization of metallic and
semiconducting nanotubes
Wei Lu, Yao Xiong, Abdou Hassanien, Wei Zhao,
Ming Zheng, and Liwei Chen
Ohio University, AIST, KI, University of Arkansas,
DuPont Central Research and development.

Carbon nanotube separation represents one of
the most urging and rewarding challenge for
device application. In recent years, several
techniques have been successfully employed to
separate metallic from semiconducting species.
The final products are usually characterized by
macroscopic optical techniques which average
the signals from many identical structure
leaving signals from short, large diameter
nanotubes as well as low density defects
undetected. On the other hand, precise
characterization of the separated species
remains difficult and time consuming process
as it relies on tunnelling spectroscopy or
transport through every single molecule. In this
talk I would like to highlight much quicker
scanning probe method for characterization.
The method uses low-frequency dielectric
polarization of individual SWNTs without
making electrical contacts to the nanotubes.
Qualitative contrast is observed between
metallic and semiconducting SWNTs due to
drastically
different
longitudinal
polarizabilities. This is developed into a facile
assay for metallic and semiconducting contents
in SWNT samples.
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Figure 1: (A) and (B) representative EFM
images of semiconducting and metallic tubeenriched samples S and M, respectively. Left
images: topography; right images: dielectric
response. (C) Dielectric response vs. D2 plot from
EFM images. (D) Metallic SWNT content measured
via the EFM assay versus the volume fraction of
sample M in blended samples. The error bars are the
90% confident interval.

References: Wei Lu, Yao Xiong, Abdou Hassanien,
Wei Zhao, Ming Zheng, and Liwei Chen
NANOLETTERS Vol. 9, No. 4, 1668-1672
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Electron relaxation in MoSIx nanowires

MoSIx molecular nanowires are a prototypical onedimensional material, due to their particularly weak
interaction with their neighbours. Any application in
optics or electronics relies on functional properties
of the active material in a non-equilibrium situation
and its relaxation to equilibrium. Therefore we
studied electron relaxation in MoSIx nanowire thin
films with femtosecond pump-probe spectroscopy.
Resonant excitation leads to a depletion of the
ground state absorption, superimposed on a
structured photoinduced absorption spectrum. In
agreement with DFT calculations we find two
directly excited states [1]. The temporal evolution of
this spectrum shows that one of the two relaxes
directly to the ground state while the other couples
in a characteristic way to a third excited state. The
lifetimes of the three states involved in the
relaxation behaviour are ~300 fs, ~3 ps, and >1 ns,
respectively, with the 3 ps showing a strong
temperature dependence. We discuss the possible
electronic nature of these states and the implications
for fast optical and electronic applications.
References: [1] D. Vengust, F. Pfuner, L.
Degiorgi, I. Vilfan, V. Nicolosi, J. N. Coleman, and
D. Mihailovic, Phys. Rev. B 76, 075106 (2007).
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Figure 1: Differential transmission spectrum of
oriented Mo6S3I6 film for different pump-probe
delays (top) and differential transmission traces at
different positions in the spectra (bottom).
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Self-organized critical self-assembly in MoSIGNP
Jure Strle1, Damjan Vengust1, Dragan D.
Mihailović1
1

Jožef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
Scale-free self-organized critical networks are
known to show resistance to failure, fast signal
processing and are of particular interest for
nanoelectronics. They are also the basis of
information processing in the brain. Self-organized
criticality has been recently observed on a
molecular scale in Mo6S9−xIx (MoSI) and gold
nanoparticle (GNP) hybrid networks.
Solution processed attachment of MoSI nanowires
to GNPs was used for self-assembly of the
networks, which were deposited onto mica
substrate, examined by atomic force microscope and
statistically analyzed. With conversion of the
network into a simplified topological graph we were
able to perform detailed analysis on a large part of
the network.
We have compared distributions of lengths of
individual nanowires to the lengths of the edges in
the network and while the former is log-normal, the
latter shows a strong power-law tail exhibiting scale
invariance. This shows that the self-organized
critical behaviour is not a property of the nanowire
synthesis, but of their self-assembly into networks.
References: J. Strle et al., Inorganic molecularscale MoSI nanowire-gold nanoparticle networks
exhibit self-organized critical self-assembly, Nano
Letters, 9: 1091-1095, 2009.
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Ultra fast charge transport in nanotubular
α− MnO2 self assembly studied by Xray
resonant photoemission
G.Kladnik1,3 M.DellAngela1, D.Arčon2,3,
G.Bavdek3, P.Umek2, A.Morgante1,4, D.Cvetko1,3
[1] Laboratorio CNRTASC/INFM, Trieste, Italy.
[2] Institut J. Stefan, Ljubljana, Slovenia.
[3] Fakulteta za matematiko in fiziko, Univerza v
Ljubljani, Slovenia.
[4] Dipartimento di fisica, Universita di Trieste,
Italy.
We have studied the electronic properties of a thin
α MnO2 nanotubular (NT) assembly, Fig. 1,
solution dropcast on crystalline graphite (HOPG)
and polycrystalline Au/mica substrates. α MnO2
NT have been observed to have good conductive
properties and a complex electronic structure that
strongly depend on the presence of Mn3+ ions in the
dominant Mn4+ lattice1. It has been proposed that
smallpolaron hopping of the Mn 3d eg electron
from a JahnTeller active Mn3+ (t2g3eg1) to a Mn4+
(t2g3eg0) site might be responsible for the electronic
conduction properties2. We have studied the
electronic structure of α MnO2 NT assembly by
resonant photoemission and Xray absorption
(NEXAFS) across the Mn L23 absorption edge. The
decomposition of the measured NEXAF spectra into
the MnO2 and Mn2O3 components3 enabled us to
resolve the Mn oxidation state (Mn3+ vs. Mn4+) of
the NT assembly. Strong resonances observed in the
valence band photoemission, which occur at the L3
Mn absorption edge, have been identified with the
Mn 3d electronic states. Analysis of the resonant
L3M2,3M4,5 Auger emission4 across the Mn L3 edge
reveals the absence of its Raman component above
the resonance, indicating ultra fast delocalization of
the excited eg electron and hence confirms its fast
hopping from the excited Mn site in agreement with
the proposed conduction model2, Fig. 2.
References:
[1] P.Umek et al., to be published.
[2] S.Ishiwataet al., J.Phys.Cond.Mat. 2006, 18,
3745.
[3] J.Rothe et al., J. Synchrotron Rad. 6 (1999) 359.
[4] A.Föhlisch et al., Nature, 436 (2005) 373,
P.Vilmercati et al., Surf. Sci. doi:10.1016/
j.susc.2008.11.050.
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Figure 1: MnO2 nanotubular self assembly as
seen under a Scanning Electron Microscope.

Figure 2: Measured subfemto second charge
delocalization times for the empty Mn3d orbitals in
MnO2, together with the Mn L3 NEXAF spectrum
indicating the probed orbitals.
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Marko Viršek1, Matthias Krause2, Andreas
Kolitsch2, Maja Remškar1
1

Jozef Stefan Institute, Jamova cesta 39, 1000
Ljubljana, Slovenia
2
Institute for Ion Beam Physics and Materials
Research, Forschungszentrum Dresden-Rossendorf,
01314 Dresden, Germany
Raman and resonance Raman (RR) scattering
can be used as a sensitive probe to monitor changes
in the structure of the system brought about by the
synthesis-specific structural modifications. We
have pointed out several interesting features in
Raman and RR spectra of MoS2 and WS2 fullerenelike and nanotube materials which allow
characterization of these materials according to
their morphology and density of structural defects.
For MoS2 and WS2 nanotubes synthesised by
chemical transport reaction small up-shift of Raman
peaks was shown, which was attributed to the
presence of strain incorporated into the nanotube
walls [1]. Raman on the large MoS2 microtube
reveals slightly larger line widths in the microtube
spectrum compared to plate-like MoS2, which can
be attributed to defects. In the line scan along the
tube axis the wave numbers of first order peaks are
constant, while a slight up-shift of the Raman lines
is observed in a line scan perpendicular to the tube.
This is attributed to the heating effect and
demonstrates demands for proper wave number
determination in this highly absorbing material [2].
Effect of the tube diameter on the Raman spectra
of WS2 nanotubes was investigated [3]. With
decreasing diameter, a line in the A1g mode range
(D-A1g) is selectively enhanced. This enhancement
is attributed to an increasing structural disorder in
smaller nanotubes. On the other hand, no
significant effect on the D-A1g/ A1g intensity ratio is
observed for a Raman scan perpendicular to a 290
nm diameter tube. Therefore the enhancement of
the disorder induced line is an intrinsic property of
WS2 nanostructures and not a surface layer effect.
Also WS2 fullerenes are observed to undergo a
systematic diameter and morphology dependence in
A1g range [4]. The D-A1g enhancement is stronger
in WS2 fullerenes than in WS2 nanotubes. The
dependence is applied to classify WS2
nanostructures and functional relationship between
Raman and geometric parameters obeys a simple
analytical equation which resembles that known for
the ID/ IG ratio in disordered graphite. Local defects
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are proposed as the main source of the structural
disorder of WS2 nanostructures.
MoS2 nanomaterials can be prepared by
sulphurization of precursor Mo6S2I8 nanowires.
While complete transformation leads to MoS2
coaxial nanotubes or MoS2 “mama”-tubes,
depending on temperature, also well defined mixed
phase nanowires with MoS2 covering Mo6S2I8 core
are obtained using short sulphurization time [5, 6].
Raman and XRD data confirm the outside-to-inside
transformation process. Crystallinity of MoS2 is
enhanced
with
increasing
transformation
temperatures and 2LA(M)/A2u resonant Raman
intensity ratio is shown to be a useful measure for
density of defects in MoS2 in general. Diversity in
broadening between two first order Raman lines
together with selective broadening of XRD lines
indicate that the nature of defects is different in
MoS2 originating from sulphurization process of
Mo6S2I8 compared to usual MoS2 plate like-crystals
[7].

References: [1] M. Viršek, A. Jesih, I. Milošević,
M. Damnjanović, M. Remškar, Surf. Sci., 601, 2868
(2007); [2] M. Viršek, M. Krause, A. Kolitsch, M.
Remškar, Phys. Stat. Sol. B, 1–4 (2009) to be
published; [3] M. Krause, M. Viršek, M. Remškar,
A. Kolitsch, W. Möller, Phys. Stat. Sol. B (2009) to
be published; [4] M. Krause, M. Viršek, M.
Remškar, N. Salacan, N. Fleischer, L. Chen, P.
Hatto, A. Kolitsch, W. Möller, ChemPhysChem 10,
13, 2221 (2009); [5] M. Remškar, A. Mrzel, M.
Viršek, A. Jesih, Adv. Mater., 19, 4276, (2007); [6]
M. Remškar, M. Viršek, A. Mrzel, Appl. Phys.
Lett., to be published; [7] M. Viršek, M. Krause, A.
Kolitsch, A. Mrzel, I. Iskra, S. D. Škapin, M,
Remškar, to be published
Figure 1: Normalised resonance Raman spectra of
WS2 single crystals, the 290 nm and the 50 nm
diameter WS2 nanotube.
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New attractive cathode materials for Li-ion
batteries
Mirjana Kuezma1, Robert Dominko1, Marjan
Bele1, Janko Jamnik1,2, Alojz Kodre2,3, Iztok
Arčon3,4, Darko Hanžel3, Anton Meden5, Miran
Gaberscek1,5
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Hajdrihova 19, SI-1000 Ljubljana, Slovenia,
2
Faculty of Mathematics and Physics,
Jadranska 19, SI-1000 Ljubljana, Slovenia,
3
Institute of Jožef Stefan, Jamova 39, SI-1000
Ljubljana, Slovenia,
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University of Nova Gorica, Vipavska 13, SI-5000
Nova Gorica, Slovenia,
5
Faculty for Chemistry and Chemical Technology,
Aškerčeva 6, SI-1000 Ljubljana, Slovenia.
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particles are embedded in an amorphous carbon
coating. When we prepare these two materials
without carbon coating, then both of the materials
consists from much bigger particles in the range of
100-800 nm and in this case electrochemistry is
very poor due to large particle size. The nickel
analogue has only been prepared without a carbon
coating and its particle size distribution is in the
range of 50-150 nm. Selected correlations between
microstructure and the electrochemistry of three
titanate-family members were presented in our first
published paper [2] and the conclusion was that the
main role of carbon coating around active particles
is not to increase the electronic conductivity but to
suppress the particle growth during heat treatment,
eventually to prevent the particle agglomeration
(Fig. 2). Electronic conductivity for titanate
materials is in the range of 10-8 to 10-1 Scm-1 at
room temperature.
4,8

Figure 1: A Rietveld XRD refinement of
Li2NiTiO4. Measured profile: red points; calculated:
black line, difference: blue line. The short vertical
bars indicate reflection positions.
Iron and manganese analogue can be prepared with
particle size of ca. 10-20 nm and in this case
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A new attractive cathode materials
Li2FeTiO4, Li2MnTiO4 and Li2NiTiO4 with high
working-voltage and with the possibility of
exchanging two electrons per transition metal
(thereby exploiting the M2+/M3+ and M3+/M4+ redox
couples) have been synthesized [1]. The materials
have been further characterized by ex- and in-situ
X-ray powder diffraction, thermogravimetric
analysis (TGA), field emission scanning and
transmission electron microscopy (FE-SEM and FETEM), in-situ X-ray absorption spectroscopy and
electrochemical measurements.
All three titanate materials can deliver theoretical
capacity as high as 300 mAhg-1, if both lithiums per
formula unit could be utilized. They crystallize in a
cubic rock-salt structure with considerable cation
disorder (Fig. 1).
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Figure 2: Second charge discharge curves at room
temperature and at C/10 rate for coated and not
coated titanate materials.
Combining two or three different in-situ structural
characterization methods like X-ray powder
diffraction, Mossbauer and XAS spectroscopy,
helped us to understand how cation disorder
influences the mechanism of lithium extraction and
insertion inside bulk material and how changes of
the lattice parameters are correlated with chemical
stability during cycling [3].
.
We will discuss possible lithium extraction/insertion
mechanisms and give explanations for the observed
structural instability under cycling.

References:
1. M. Kuezma et al., Patent Application SI0198649,
Slovenia (2008),
2. M. Küzma, et al., Journal of Power Sources, 189
(2009) 81-88.
3. M. Kuezma et al. J. Electrochem. Soc., 156, (10)
A809, (2009).
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Commercially available lithium-ion batteries
usually contain volatile and flammable organic
solvents, poisonous lithium hexafluorophosphate
and cobalt-based positive electrodes [1]. Because
most energy devices can accidentally explode or
ignite, there is an extensive seek for safer
components, especially in large-scale chemical
power sources (e.g. in the automotive industry).
Our recent work is aimed at development of 3V
lithium-ion batteries with improved fire safety and
lower impact on the environment and human health.
We are combining room temperature ionic liquids
(RTILs) with a group of new cathode materials
based on Li2FeSiO4 [2] and graphite serving as the
anode. Employing ionic liquids can overcome some
drawbacks due to their main advantages: improved
thermal stability (300 – 400 °C), nonflammability
and chemical stability towards water and oxygen

Experimental
The
ionic
liquids,
1–butyl–2,3–dimethylimidazolium and 1–butyl–1–methylpyrrolidinium
bis(trifluoromethanesulfonyl) imide (BMMI TFSI
and PYR14TFSI) were prepared using novel
methods eliminating most of the organic solvents
such as dichloromethane or chloroform and also
providing higher purity and yields [3].
The ILs were dried and stored in a glove box
(MBraun), solutions of lithium salts LiTFSI (battery
grade; Ferro, USA) and LiPF6 (battery grade;
Sigma–Aldrich) were prepared by dissolving in
particular ionic liquid at 110°C in glove box.
Li2FeSiO4 cathode material was prepared by an
optimised hydrothermal synthesis [4].
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measurements showed anodic stability up to ca. 5 V
vs. Li/Li+, where the limiting factor for both BMMI
TFSI and PYR14TFSI becomes the stability of the
anion. The results are presented in fig. 1. In both
cases, the addition of LiTFSI to neat ionic liquid
enhances the stability of the ionic liquid against
oxidation. At low potentials, reversible lithium
plating and stripping was observed in both
electrolytes.

-1

-2

PYR14TFSI

-3

PYR14TFSI - LiTFSI
PYR14TFSI - LiPF6

-4
-0.5

0.0

0.5

1.0

1.5

+

E vs. Li/Li / V

Figure 1: Cyclic voltammograms (1st cycle) of neat
PYR14TFSI and PYR14TFSI–LiTFSI or LiPF6
electrolyte on gold electrode at 10 mV.s–1 at 20°C.
Cycling stability of Li2FeSiO4 at C/10 and C/2 rate
was excellent, given the fact that the system was not
optimised. Capacities of 110 to 130 mAh.g-1 were
achieved at a C/10 cycling rate [3]. The kinetic
limitations resulted in a slightly higher difference
when the C/2 cycling rate was used. The stability of
LiTFSI salt in ionic liquid-based electrolytes above
3.5 V vs. Li/Li+ suggests that one can avoid the use
of fluorinated salts with silicates.
4.0
PYR14TFSI - LiTFSI
U / V vs. Li/Li+

Ionic liquids for safer 3V lithium-ion batteries

3.5

3.0

2.5

Results and Discussion
The conductivities at 60 °C vary from 3.3 to
4.5 . 10–3 S.cm–1, which is a sufficient value for
appropriate electrochemical performance both for
cathode and anode materials.
The electrochemical stability window of the
electrolytes was measured by cyclic voltammetry on
gold electrode for its higher catalytic activity. The
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Figure 2: Discharge/charge curves of Li2FeSiO4/C
during the first three cycles in PYR14TFSI-LiTFSI
done at 60°C with current density corresponding to
C/10.
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Finding an anode material compatible with the ionic
liquids is complicated due to fact, that common
disubstituted imidazolium-based ILs exhibit much
worse cathodic stability than the common
electrolytes [5]. Therefore only Li2Ti4O12 anodes
operating at 1.5 V vs. Li/Li+ can be used without
any additives. On the other hand, the trisubstituted
derivatives and the ionic liquids with cyclic
aliphatic
cation
are
chemically
and
electrochemically compatible with metal lithium
[6]. Their stability should allow using graphite as
the anode, but we observed partially reversible cointercalation of BMMI+, PMMI+ and PYR14+ cation
into the graphite structure. Therefore we tested
several additives that can form protective layer on
the graphite surface, so called “solid electrolyte
interface”. The organic solvent-based electrolytes
employ ethylene carbonate (EC) as the SEI forming
agent, but EC does not work in the ionic liquids [7],
also vinylene carbonate does not improve the
cyclability sufficiently. The best performance we
observed with 2-cyanofurane [8] at 5 wt. %
concentration as can be seen on the fig. 3.
3.0
2.5

+

E vs. Li/Li / V

2.0
1.5
1.0
0.5
0.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
x (LixC)

Figure 3: Discharge/charge curves of SLP30
graphite during the first three cycles in PYR14TFSI
– 0.5m LiTFSI with 5 wt.% of 2-cyanofurane done
at 60°C with current density corresponding to C/20.
Our recent work is aimed at assembling full
graphite-RTIL-Li2FeSiO4
battery
and
the
optimisation of its composition. We found out, that
the presence of 2-cyanofurane does not affect the
functionality of Li2FeSiO4 material.
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Interaction of nanoparticles of high-voltage
cathode materials with an ionic liquid electrolyte.
C. Locati, U. Lafont, E. M. Kelder

impedance spectroscopy, in-situ XAS. The SEI
formation is further studied with in-situ AFM.
References:

NanoStructured Material, DCT/TUDelft,
Julianalaan 136, 2628BL Delft, The Netherlands
Commercial Li-ion batteries are widely employed to
power portable electronic devices. Transition metal
oxides anodes are coupled with graphite anodes and
a high-volatile electrolyte. A misuse of the battery
can lead to the components to react, forming gas
molecules. Consequently, the battery can catch fire
and/or explode [1-5]. Safety issues hamper the
diffusion of Li-ion batteries in market fields where
high power and fast delivery of energy are required,
e.g., hybrid electric vehicles. Another important task
is the improvement of Li-ion batteries
performances. Nowadays, the voltage reached is ~
3.3 V, with a charge time of ~ 2 hours. Increasing
the performances is possible, for example, using
high-voltage cathode materials. This work combines
the two above-mentioned tasks, plus an insight of
the possible formation of the solid electrolyte
interface/interphase (SEI) is given. A promising
ionic liquid (IL) is employed as electrolyte, together
with a high-voltage spinel cathode. The employed
ionic liquid is PYR14TFSI N-buthy-N-methyl
pyrrolidinium bis(trifluoromethilsulphonyl)imide,
with LiTFSI as lithium salt. The cathode material is
a Mg-doped LiNi0.5Mn1.5O4: LiMg0.05Ni0.45Mn1.5O4 ,
shown in Fig. 1 [6-8]. The synthesis utilized is an
auto ignition method, in which urea acts as an
oxidizer and nitrates precursors are the fuel of the
reaction [9]. With this synthesis it is possible to
reach particles of 20-100 nm.

Figure
1:
HRTEM
picture
of
LiMg0.05Ni0.45Mn1.5O4 synthesized via auto ignition
method.
The interaction between IL and the cathode is
monitored via cyclic voltammetry, electrochemical
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Green secondary Li-Ion Batteries
12
-1

Capacity [mAhg ]

Klemen Pirnat, Boštjan Genorio, Robert

Dominko, and Miran Gaberšček
National Institute of Chemistry Slovenia,
Hajdrihova 19, 1001 Ljubljana, Slovenia.
Current Li-ion batteries technology is based on the
use of inorganic materials where Li ion is being
exchanged between two host structures during the
battery operation or charging. The choice of
inorganic host structures is limited. Among the large
number of suitable materials electroactive organic
molecules seem particularly interesting:
1) The number of different organic compounds is
almost unlimited.
2) They can have very high reversible capacity.1
3) They are made from renewable sources, without
heavy metals (green baterries).

In our present study organic compounds with
electroactive
structural
elements
(quinone
/hydroquinone, azo/hydrazino, phenolic,..) were
grafted on different nonsoluble carriers (silica
nanoparticles, methyl cellulose,..). One example is
calix[4]arene (1) with quinonic structural element
grafted on silica (Figure 2). It shows a reversible
capacity close to 3 volts vs. metallic lithium. At
present state of development, the capacity is still
low (below 20 mAh/g – based on a composite active
substance/carrier). Using more electroactive
compounds (higher Z/M ratio) in higher
concentration on carriers, that have very high BET
surface area can lead to capacities comparable to
nowadays Li-Ion batteries.
References:
1
Chen, H.; Armand, M.; Demailly, G.; Dolhem, F.;
Poizot, P.; Tarascon, J. M.; Chemistry &
Sustainability, 2008, 1(4), 348-355.
2
Genorio, B.; Pirnat, K.; Dominko, R.; Gaberscek,
M.; Slovene Patent Application 2009.
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Figure 1: Excellent electrochemical stability.
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One problem is that organic molecules are soluble
in organic electrolytes (carbonate based solvents).1
This drawback can be overcome by grafting of
selected electroactive organic molecules on
nonsoluble carriers with a high BET area
(nanoparticles or porous templates).2 The biggest
advantage of grafted organic active compounds with
respect to previously reported non-grafted materials
is their excellent electrochemical stability (no
capacity drop is observed within first 90 cycles)
(Figure 1).
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Figure 2: Redox couple for calix[4]arene (1).
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A new approach towards nanostructured
high-rate performance insertion materials
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M. Remskar2, M. Gaberscek1
1

National Institute of Chemistry, Hajdrihova 19, SI1000 Ljubljana, Slovenia
2
Josef Stefan Institute, Jamova 39, SI-1000
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For the electrochemical rate performance, it is also
extremely important what happens with micro and
mesoporosity during heat treatment. In other words,
it is essential that we prevent particle agglomeration
thus leaving space for accomodation of electrolyte
around each individual particle. Fig. 2 shows the
pore volume and Barrett–Joiner–Halenda (BJH)
pore distribution for the mesopore region. In the
range of 2–5 nm, all samples that contain the
ceramic stabilizer possess a significanly larger pore
volume than the anatase without stabilizer. So, we
can consider that in the absence of ceramic
stabilizer, particles grow and loss of porosity occurs
and that is detrimental for electrode performance[4].
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14
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The basic requirement for many high-rate insertion
battery materials is that they are prepared in a
nanostructured form. However, if we try to prepare
an active material in a form of nanopowder, there
will be a huge tendency towards particle
agglomeration, either during the synthesis itself
and/or during further steps of electrode preparation.
Of course, agglomerated particles do not allow
access of electrons and/or ions to the whole surface
of individual primary nanoparticles which
annihilates the very concept of nanostructuring.[1]
The problem of agglomeration can be avoided using
in-situ organic precursors which during the heating
step form thin surface films[2,3]. These surface films
can completely suppress any morphological change
or growth of initial nanopowder until about 500oC.
The effect of size and morphology stabilization
using ceramic precursors was studied on hydrated
titania nanotubes.

Average particle size of anatase in all samples was
estimated from X-ray peak broadening and in some
cases directly from TEM observations.[4] In both
cases the values were comparable. The results are
shown in Fig. 1a-c (points). In the absence of
ceramic stabilizers, the average particle size of
obtained anatase was the biggest (about 14 nm). At
the other extreme, the presence of 6.6 wt % of silica
stabilizer gave the smallest size of merely 4.4 nm.
The small size in the case of silica stabilizer reveals
that during heating individual nanotubes did not
interact with each other which is consistent with our
main assumption. The trend in BET surface area
(Fig.1a-c, columns) is fully consistent with the trend
of decreased particle size of anatase.

NW_B_480

Figure 1. a-c) Particle size determined from XRD
spectra using the Scherrer equation and the
corresponding BET surface area of various samples
prepared in the present study.
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Morphology effect of titanate nanotubes and
nanoribbons on TiO2 varieties - anatase and
TiO2(B) - stability.
T. Beuvier, M. Richard-Plouet, M. Mancini-Le
Granvalet and L. Brohan
Institut des Matériaux Jean Rouxel, Université de
Nantes, CNRS, UMR 6502, 2 rue de la Houssinière,
B.P. 32229, 44322, Nantes cedex 3, France
Nanostructuration of titanium oxide was
obtained by an interesting synthesis, first reported
by Kasuga et al. [1] and involving condensation by
soft chemistry processes. The three step method
generates successively intermediates such as (i)
titanate (NaOH)xTiO2(H2O)y by reflux treatment
(nanotube, semi-nanotube and nanoribbon) and (ii)
titanic acid TiO2(H2O)z after ionic exchange and
finally, after thermolysis, (iii) TiO2 with
morphologies analogous to the titanate precursor
ones. In most reported works, the final titanium
dioxide is composed of anatase and/or TiO2(B). In
particular, isolating nanostructured TiO2(B) alone
appears challenging. This variety is a promising
candidate for battery applications. Indeed, whereas
TiO2 anatase accommodates up to 0.5 Li per TiO2
[2], TiO2(B) exhibits a higher electrochemical
capacity up to 0.82 Li per TiO2 at the first cycle [3].
Firstly, our investigation demonstrates the
correlation between the morphologies of the
titanates
(nanotube,
semi-nanotube
and
nanoribbon)) and the structural varieties of the
ensuing TiO2 (anatase and TiO2(B)) [4], secondly
the anatase/TiO2(B) ratios were accurately
quantified by employing Raman spectroscopy [5]
and thirdly, for the first time, the TiO2(B) variety
with nanometric dimensions has been isolated. This
material shows good capacity and cyclability for
insertion/desinsertion of lithium ions.
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Inter-phase contacts in positive electrodes for Li
ion batteries
J. Moskon, J.-M. Ateba, M. Gaberscek
National Institute of Chemistry, Hajdrihova 19 SI1001 Ljubljana, Slovenia

To prepare powerful and reliable Li batteries it is
necessary to optimize the transport of charge and
mass between and within the electrodes. Although
the transport mechanisms in Li batteries have been
studied extensively, it is remarkable that for most
practical cases the actual rate determining step has
not been clearly identified.
We have studied transport mechanisms in two
typical cathode materials for Li ion batteries:
LiFePO4/C and LiCoO2. We prepared different
types of measurement cells (ordinary 3-electrode,
symmetrical 2-electrode and 3-electrode). We
varied electrode loading (mass per 1 cm2 current
collector), the external (in-situ) pressure onto active
mass, electrolyte concentration etc. Most
surprisingly, we found that the high-frequency arc
(traditionally ascribed to a surface-incorporation
reaction or a surface film resistance) in fact
represents the poor electronic contacting between
the metallic substrate and the active material. Based
on the many experiments, we propose a general
equivalent circuit that takes into account the poor
inter-phase contacting (Fig. 1) [1].
We checked the role of electronic inter-phase
contacting for two typical cathode materials used in
Li ion batteries. Despite having quite different
chemistry (and structure) both materials (LiFePO4/C
and LiCoO2) show similar impedance features;
particularly the high-frequency arc behaves in the
same manner in both cases. The present findings
confirm that inter-phase contacts have a strong
impact on the electrochemistry performance of Li
ion cathodes. It will be necessary to reconsider how
to build future experimental cells in order to
minimize the contact impedance and thus allow
measurement of true materials properties.
References: [1] M. Gaberscek, J. Moskon, B.
Erjavec, R. Dominko, J. Jamnik, Electrochem. Solid
State Lett., 11 (10), A170-A174 (2008).
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Figure 1: a) Schematic representation of the
transport of charge within Li ion cathode, where
charge paths to the particles of the active material
(yellow circles) are simplified by assuming that
particles within individual layer are in equi-potential
position. b) General equivalent circuit: contribution
of each layer of the particles is substituted with the
electrochemically equivalent domain marked in blue
ellipse. Appearance of the high frequency arc
(marked in red ellipse) is due to the first three
elements on the left hand side.
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Protein nanoparticle formation using
specifically designed TNF-alpha analogues
Gorazd Hribar1, Andrej Žnidaršič1, Marjan Bele1,
Uroš Maver1, Simon Caserman1, Petra Cerkovnik2,
Srdjan Novaković2, Peter Venturini1 and Vladka
Gaberc-Porekar1
1

National Institute of Chemistry, Hajdrihova 19, SI1000 Ljubljana, Slovenia
2
Department of Molecular Diagnostics, Institute of
Oncology Ljubljana, Vrazov trg 2, SI-1000
Ljubljana, Slovenia

One of our recent research challenges has been
exploitation of the active principle of protein
aggregation, involving metal coordination of
specifically designed protein analogues. Protein
aggregation on the surface of solid particles can be
realized in two ways: either by using polyfunctional
chelating compounds or by pre-decorating the
surface of inorganic nanoparticles with a transition
metal [1]. The crucial property of metal
coordinative binding is its reversibility, enabling
controlled release of individual protein molecules
upon suitably changed environmental conditions,
such as pH decrease or presence/supply of other
chelating compound(s). This principle is widely
exploited
in
immobilized
metal
affinity
chromatography [2].
Specifically designed analogues of tumour necrosis
factor alpha (TNF-alpha) with surface exposed
clusters of histidines (LK801) [3] and histidine tags
attached
to
N-terminus
(His10-TNF and
H7dN6TNF) [4] as well as native bovine serum
albumin (BSA) served as model proteins.
In the first approach, protein self-assembly
nanostructures were formed using different
polyfunctional biocompatible chelators or dendritic
polymers functionalized with carboxylic groups in
combination with histidine rich proteins and zinc
ions. The controlled formation of self-assembly
nanostructures was achieved. The key in controlling
the size of the aggregates is the type and amount of
the chelating compound and zinc ions added. We
tested three different TNF-alpha analogues
(H7dN6TNF, His10TNF and LK801) and several
polyfunctional chelators. The best results were
obtained using phytic acid and 1,4,8,11Tetraazacyclotetradecane-1,4,8,11-tetraacetic acid
(TETA). The formation of aggregates was followed
by size exclusion chromatography (SEC), electron
microscopy (SEM) and dynamic light scattering
(DLS).
The other approach was formation of phosphate
nanoparticles decorated with zinc ions, to which
histidine rich proteins were bound.
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In all cases metal coordinative binding was found to
be reversible, enabling controlled release of
individual protein molecules upon suitably changed
environmental conditions. Size, stability, in vitro
biological activity and release profiles of different
protein nanostructures were determined.
Nanoparticles containing TNF-α analogues with
reduced biological activity (H7dN6TNF and His10TNF) could be used in active principle of
immunization. An increased immune response was
achieved after administration to the testing animals.
Enhanced formation of antibodies against TNF-α
would be advantageous serving as a basis for
developing new drugs for chronic diseases
associated with pathogenically elevated levels of
TNF-α (rheumatoid arthritis, Crohn’s disease,
psoriasis, etc.).
Nanoparticles containing TNF-α analogue LK801
could be used in anti-cancer therapy, where slow
release of individual, active molecules from
nanoparticles would presumably result in sustained
anti-tumor activity with reduced side effects. That
was confirmed in experiments on mice with
implanted Sa-1 tumors, where self-assembled
nanoparticles with LK801 showed lower toxicity
(reduced side effects) and better anti-tumor effects –
longer tumor growth delay.
References:
1. Bele, M. et al. Zinc-decorated silica-coated
magnetic nanoparticles for protein binding and
controlled release. J. Chromatogr. B., 867 (1)
(2008) 160-4.
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Introduction
Proteins are highly specific drugs and their
therapeutic potential is broadly recognized,
however, their widespread use is still limited by low
bioavailability
after
peroral
administration,
therefore, they can be delivered only by more
invasive (injectable) route. A lot of effort has been
done to deliver protein non-invasively, among
which nanoscale delivery systems have become
focus of research owning to their capacity to protect
and deliver drug more efficiently to the site of
action bypassing some of the anatomical and
physiological barriers (1). In the present study
polysaccharide
nanoparticles
(polyelectrolyte
complexes, PEC) were prepared by a mild
production method based on self-assembly of two
opposite charged polymers, alginate and chitosan,
formulating a system suitable for mucosal delivery
of protein ovalbumin.

occurred only at pH below the isoelectric point of
ovalbumin (pI 4.8). The presence of electrolytes
(buffer salts) and non-electrolytes (mannitol) also
affected the complexation process, especially
electrolytes which prevented polyelectrolyte
association (Fig.1).
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Figure 1. Derived count rate as a measure of
alginate-ovalbumin complex concentration in the
sample prepared at pH 4.0 and pH 5.0, and in the
presence of mannitol (2%, w/v) and buffer salts
(154.4 mM), both at pH 4.0.
Negatively charged complexes of alginate and
ovalbumin were further coated with chitosan, due to
its ability to enhance the absorption, as reported (5).
After optimisation, optimal composition of PEC,
yielding 280 nm sized particles having zeta
potential -44 mV, was determined for
alginate:ovalbumin:chitosan in the mass ratio
1:1:0.1, respectively, giving their final concentration
0.5:0.5:0.05 mg/ml.

Methods
The influence of various experimental parameters
on the polyelectrolyte complex formation were
evaluated
using
titration
experiments
in
combination with dynamic light scattering (DLS).
PEC were characterized in terms of particle size,
polydispersity index, zeta potential, efficacy of
association (concentration of nanocomplexes
formed), ovalbumin loading and its release.
Interaction between polyelectrolytes and protein
were verified with differential scanning calorimetry
(DSC), and morphology of complexes was studied
by scanning electron microscopy (SEM). Surface
characteristics
of
PEC
were
detected
fluorometricaly using extrinsic fluorescent dye,
4,4’-bis-1-anilinonaphthalene-8-sulfonate
(bisANS).
Results
This work discloses the process of polyelectrolyte
complexation between polyionic polymers and
protein (2, 3). PEC formation was predominantly
pH- and concentration-dependent (4). Complexation
of ovalbumin with negatively charged alginate
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SEM image of PEC show irregular and spherical to
polyhedral shape, with sizes comparable to DLS
measurement (Fig.2).

Figure 2. SEM image of PEC prepared from
alginate, ovalbumin and chitosan in concentration
0.5, 0.5 and 0.05 mg/ml, respectively.
Differences in DSC scans for PEC and physical
mixture confirmed the formation of some
interaction (Fig 3).
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ovalbumin released from PEC kept constant up to
24 h of incubation (n= 3).

I
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Immediate release up to 90 and 60% was detected in
phosphate buffer pH 7.0 and water, respectively, but
under acidic saline solution, pH 3.0, the release of
ovalbumin was retained (Fig. 4). The latter was
attributed to alginate network precipitating at low
pH thus preventing ovalbumin release.
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Surface properties of ovalbumin after its
complexation with polymers revealed higher
hydrophobicity, as demonstrated by the increase in
bis-ANS fluorescence intensity (6), which has been
reported to be an important factor facilitating
absorption.
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Figure 3. DSC scans for (I): alginate (a), ovalbumin
(b) and chitosan (c), and for (II): bi- and ternary
physical mixture of alginate and chitosan (a),
alginate, ovalbumin and chitosan (b), and for PEC
(c). Mass ratios of components in physical mixtures
were the same as in PEC.
The loading of ovalbumin in PEC depended on the
initial amount of ovalbumin used to produce PEC,
and ranged from 7-38% for different formulation,
however, association efficiency remained pretty
similar for all formulations, i.e. 80-85%. Ionic
strength and pH of the release medium markedly
influence ovalbumin release (Fig. 4).
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Figure 4. Ovalbumin release from PEC in
phosphate buffer saline (pH 7.4), water, and 2 hours
in acidic saline (pH 3.0) followed by simulated
intestinal fluid pH 6.8. Determined values of
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Mild formulation conditions, nanometre sized
particles, high protein association efficiency, pHdependant release and modified surface properties
are a promising factors towards the development of
peroral delivery system for proteins.
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Development of biocompatible materials is one of
the most progressive fields of research today.
Biomaterials are specific class of materials designed
for different applications in the field of biomedicine
in order to improve traditional types of medication
from the standpoint of medication quality
medication efficiency and commodity of healing
process. Concerning the fact that biomedical
application of these materials is strongly related to
interaction between material and live body which
means interaction of material surface with live cells,
precise design of morphological and surface
properties of these materials is required.
Application of controlled drug delivery of
antibiotics from locally suited implants in
medication of infectious bone tissue diseases is a
perspective concept for the treatment of these
diseases. It can be expected that application of this
medication route can help in overcoming of the
main lacks of traditional medication of these
diseases obtained as a consequence of low
vascularization and low drug availability on the
place of infection of the bone tissue.
In this work ultrasonic processing method was
applied for obtaining clindamycin loaded poly(d,llactide-co-glycolide)/hydroxyapatite (PLGA/HAp)
particles with loaded clindamycin. Properties of
obtained material were analyzed from standpoint of
surface characteristics and morphology. Obtained
PLGA/HAp composite particles with loaded
clindamycin were spherical in shape and formed of
nanometre-sized primary spheres with up to 20 nm
in size. It was observed that clindamycin had
additional role in morphological properties of
obtained sphere-like particles of PLGA/HAp
composite. Higher concentrations of the drug
resulted in narrower particle shape and size which
can be assigned to possible role of clindamycin as
morphological stabilization agent. This compound
contains polar groups as well as branched structure
and electrostatic interactions as well and steric
interactions can contribute to this role of
clindamycin. From the side of surface properties
particles were negatively charged, with a large
surface area and quite a good wetabilitty was
59

achieved. Concerning all analyzed morphological
and surface properties it can be expected that good
interaction between clindamycin loaded composite
particles and cells can be obtained which is very
important for future potential application of this
material in the field of biomedicine.
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Efficient pumping and mixing of fluids in
microscopic channels is paramount in microfluidic
applications [1]. Such devices operate at very low
Reynolds numbers, which means that non-reciprocal
motion is necessary to generate a directed fluid
flow. Biological cilia - cellular protrusions used to
propel microorganisms or sweep mucus from the
airways - achieve this by periodically beating with a
pattern consisting of a working stroke (a stretched
cilium moves as much fluid as possible) and a
recovery stroke (the bent cilium returns to the
original position close to the surface, in order to
reduce the backflow). Several attempts to build
biomimetic cilia, employing very different physical
principles, have been made in recent years [2,3].
However, there has been no experimental
demonstration of directed fluid motion induced by
artificial cilia so far.

Figure 1: A system of superparamagnetic
colloidal particles (large spheres) in a rotating
magnetic field (arrow), forming chains that act as
self-assembled artificial cilia. The small particles
are tracers indicating the fluid motion.

In this contribution we present a combined
theoretical and experimental study of a system of
self-assembled artificial cilia. The artificial
biomimetic cilia are constructed as long chains of
spherical superparamagnetic particles, which selfassemble in an external magnetic field (Fig. 1). We
rotate the magnetic field along the shape of a tilted
cone, thus actuating the cilia in a simple nonreciprocal manner. By adding non-magnetic tracer
particles we measured the time-averaged fluid
velocity as a function of the height above the
surface.
We simulated the system by taking into account
magnetic, gravitational and repulsive contact forces
and describing the hydrodynamics in the RotnePrager approximation [4]. A comparison of the
predicted velocity profile with the experimental
result shows a very good agreement (Fig. 2) [5].
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1. Squires TM and Quake SR, Rev. Mod.
Phys. 77:977–1026 (2005).
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Figure 2: Theoretically predicted (lines) and
experimentally measured (symbols) average flow
velocity as a function of the height above the glass
surface. Three sets of data were obtained with
different opening angles of the cone: 20° (circles),
30° (diamonds) and 40° (squares).
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Current State and Trends in the Field of Laser
Micro-structuring

have a greater efficieny than two-photon
absorption methods.
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The ability to produce intricate patterns in
materials which polymerize upon illumination
is important in many fields of research and
manufacturing since it enables construction of
micro-scale devices. The most common method
used is optical lithography, which uses an
ultraviolet light source and a patterned
photomask to control exposure of a
photosensitive material. In constant aim for
smaller feature sizes of created patterns, better
resolution, greater speed, flexibility and ease of
use, many techniques have been proposed or
implemented to replace or upgrade the
conventional optical lithography method. Due
to their practicality and speed, microstructuring techniques utilizing lasers and
acousto-optical elements show great promise,
despite having a smaller resolution than for
example electron beam lithography. By
combining the use of a focused ultraviolet laser
beam steered by acousto-optic deflectors with a
translation stage, this laser direct illumination
method makes it possible to achieve subnanometer precision in positioning of the laser
spot on the material surface and thus creating
high-resolution and large-area patterns.
Moreover, the technique allows accurate
exposure dose control and comparably greater
speed, does not require conducting materials or
vacuum, and can be implemented as a table-top
device. Although this method is still limited by
the wavelength of the laser light used, recent
experiments1-3 show that it is possible to
achieve resolution well below the diffraction
limit by using two-color illumination
techniques. These use a laser of one wavelength
to induce photopolymerization of the material
and another with a different wavelength to
supress it. The techniques were shown to
produce features smaller than 50 nm and to
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nanoBRICKsPRO – synthetic smart
nanomaterials from nano to macro
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Nanotechnology designs materials with advanced
properties based on the control of structure at the
nanoscale. Biological systems provide an attractive
opportunity to design and easily manufacture
material with programmable properties. DNA
origami demonstrated the power of this technology
by creating a variety of assemblies that can be easily
encoded in the nucleotide sequence. However, for
biological nanodevices nature favors polypeptides
over nucleic acids due to stability and versatility of
amino-acid side chains. With few exceptions protein
and peptide assemblies have been considered too
difficult for the bottom-up design due to complex
interactions and manufacturing problems specific
for

each

case.

manufacturing

We

present

nanomaterials

technology

for

based

on

combinations of modular peptide elements and
protein domains, which allow self-assembly into
complex

tertiary

structures

with

designed

macroscopic properties. We will demonstrate the
feasibility and potentials of protein nanotechnology
by

design,

streamlining

the

production

and

technological application of nanomaterials based on
nanoBRICKsPRO.
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Incorporating drugs into ordered mesoporous
matrices
Tina Ukmar, Aljaž Godec, Gregor Mali, Alenka
Ristić, Miran Gaberšček, Venčeslav Kaučič

strategy was developed for determining the total
amount of loaded drug using a combination of
XRPD and DTA/TG.
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Highly ordered mesoporous silicates have long been
recognized as very promising materials with a rich
variety of possible applications. [1] They can be
used in adsorption technologies, chemical
separation, sensors and catalysis. Recently, it was
also suggested that they can be useful as carriers for
drug delivery due to their biocompatibility, nontoxicity, large mesopore volume, tunable pore size
and modifiable surface properties which enable a
diffusion controlled drug release under specific
conditions. [2,3] However, the general relationship
between the initial porous matrix properties,
embbeding procedure and the resulting loaded
material properties is still not well established.
In this study we focused on the determination of
parameters which affect the amount of residual
solvent, drug loading and the amount of drug
potentially located outside the porous matrix.
Indomethacine (IMC) was chosen as a model drug
and was incorporated into SBA-15 silicates with
pore sizes 6.7 nm and 9.9 nm. Acetone and ethanol
were used as loading solvents. N2 sorption revealed
that after drug incorporation both pore volume and
pore diameter were decreased (Fig. 1 and 2). In
another set of experiments the samples were loaded
with increasing amounts of saturated solution of
IMC in acetone to probe the detectability of excess
IMC deposited outside the pores by means of X-ray
powder diffraction (XRPD). As expected the loaded
samples with incompletely filled pores exhibited
amorphous XRPD patterns, whereas the samples
with IMC deposited outside the pores gave
detectable peaks. Excess amount of IMC deposited
outside the pores was also detectable by means of
Scanning Electron Microscope (SEM). It was
shown that XRPD is a suitable method for detecting
IMC deposited outside the pores. Afterwards we
loaded both SBA-15 silicates with increasing
amounts of saturated solutions of IMC in acetone
and IMC in ethanol. The samples which had no
peaks in their XRPD patterns were then investigated
with DTA/TG focusing on the amount of residual
solvent and total amount of loaded drug. It was
found that the amount of residual solvent depends
on the solvent properties and that the amount of the
loaded drug depends on the solvent used (i.e. the
drug solubility) and the material characteristics
(such as pore size and mesopore volume). A general
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Figure 1: Pore size distributions of pure calcined
SBA-15 and SBA-15 loaded with indomethacine.

Figure 2: N2-sorption isotherms of pure calcined
SBA-15 and SBA-15 loaded with indomethacine.
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Micro/mesoporous silicate composites: Synthetic
approaches and structural properties
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Ordered mesoporous silica based molecular sieves
are attractive materials for adsorption and catalytic
applications, due to their large pore sizes (2-50 nm)
and high surface areas (~ 1000 m2/g). [1] However,
amorphous nature of the walls causes poor
hydrothermal stability and low activity toward
catalytic processes of mesoporous molecular sieves,
which represents a major drawback. [2] This
drawback could be overcome by combining
interconnected microporous (zeolite) networks with
structured
mesopores
thus
producing
micro/mesoporous composites. Search for synthesis
procedures which could lead to the catalytically
most efficient micro/mesoporous silicate composite
material is intensively studied for more than a
decade. For understanding of catalytic properties of
these materials, detailed structural characterization
is required. Here we report on different synthesis
approaches
for
the
preparation
of
microporous/mesoporous silica based composites
and their detailed structural investigations.
First approach is two-step synthesis. By this
procedure (Ti, Al)-Beta/MCM-48 composite was
synthesized. In first step colloidal solution
containing zeolite (Ti, Al)-Beta was prepared. The
second step included organization of zeolitic
nanoparticles in the walls of mesoporous matrix in
the presence of surfactant. Second approach is recrystallization (zeolitization) of mesoporous walls
by post-synthetic impregnation of mesoporous
matrix with template which directs the formation of
zeolite phase. ZSM-5/SBA-15 material was
synthesized by this procedure. Third approach is
deposition of zeolitic nanoparticles inside the
channels of mesoporous matrix. Ti-Beta/SBA-15
composite material was synthesized by this
approach. SBA-15 mesoporous matrix was dryimpregnated (incipient wetness) by colloidal
solution containing nanoparticles of zeolite Ti-Beta.
All synthesized products were structurally
characterized
in
details
using
several
characterization techniques such as X-ray
diffraction (XRD), energy dispersive X-ray analysis
(EDAX), thermogravimetry (TG), transmission
electron microscopy (TEM), N2 sorption, nuclear
magnetic resonance (NMR) and X-ray absorption
spectroscopy (XANES/EXAFS). Figure 1 shows
TEM micrographs of (a) (Ti, Al)-Beta/MCM-48,
(b) (Ti, Al)-Beta/MCM-48 and (c) ZSM-5/SBA-15
64

composite materials. All micrographs indicate the
presence of zeolitic features within mesoporous
matrixes.
We showed that all composite materials have close
structural colerration between micro- and
mesoporous phase leading to more stable
mesostructure. All composite materials also contain
stable catalytical active sites, required for catalysis
applications. ZSM-5/SBA-15 and Ti-Beta/SBA-15
composites have acid and oxidation active sites
respectively. (Ti, Al)-Beta/MCM-48 contains both,
weak Brønsted acid and oxidation active sites which
gives the material potential application as a
bifunctional catalyst.
References: [1] D. Zhao, J. Feng, Q. Huo,
N. Melosh, G.H. Fredrickson, B.F. Chmelka and
G.D. Stucky, Science 279, 548 (1998). [2] P.T.
Tanev, T.J. Pinnavaia, Science 267, 865 (1995).
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(c)
Figure 1: TEM micrographs of (a) (Ti,
Al)-Beta/MCM-48, (b) (Ti, Al)-Beta/MCM-48 and
(c) ZSM-5/SBA-15 composites.

SLONANO 2009, Ljubljana, Slovenia, 19–21 October 2009

SuMBD growth of oligothiophenes thin films:
influence of kinetic energy on sub-monolayer
formation and device performance

electrical properties with optimal carrier mobility
that can be useful for different kinds of applications.
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A critical question in realizing organic devices with
good performance, is nowadays the limited ability
to control their growth, a factor that strongly affects
in
particular
structure,
morphology
and
physical/chemical properties in the solid state and at
the interfaces. Deposition methods based on
vacuum sublimation give the best results in terms of
film quality, but it is still far from the desirable
performance. Typical growth approaches usually
control thermodynamic parameters at equilibrium,
so they can hardly drive towards single phase
structures organized at the needed length scale and
in particular produce the layer-by-layer growth.
Supersonic Molecular Beam Deposition (SuMBD)
has shown to be uniquely suitable to approach such
challenge, achieving unprecedented control on
morphology and structure. This technique, based on
the realization of supersonic beams made of
organics seeded in lighter carrier gasses, permits to
overcome some thermodynamic limitations and
opens new perspectives in realizing structures
controlled at different length scales. In a recent
work [1] we have shown the key role played by the
kinetic energy of the impinging molecules in
controlling and determining the morphology right
from the early stages. Here we report the results
achieved growing different oligothiophenes (α-4T,
α-5T, α-6T) by SuMBD. In particular, the
possibility to control the energetic properties of the
precursor permits to realize highly ordered thin
films. We report also the morphological (AFM) and
structural (XRD) characterizations showing the high
quality of the films deposited by SuMBD (large
grain dimensions, terraced structures) as a function
of the growth conditions. Furthermore we report the
electrical characterization of field effect transistors
realized with these organic films [2], showing good
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Figure 1: Sexithiophene islands grown at 90°C
on a SiO2/Si hydrophobic substrate. a) 2.2 eV. b)
15.9 eV.
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Micropatterning of light-sensitive
liquid crystal elastomers
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sensitive LCEs provides a very convenient tool to
study structural properties of these intriguing media,
while on the other hand it is also very promising for
applications in tunable diffractive optical elements.
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Light sensitive liquid crystal elastomers (LCEs) are
materials in which liquid crystalline orientational
order of the mesogenic molecular units is coupled
with sterical conformation of the photosensitive
molecular units, for instance photoisomerizable
chromophores [1,2]. Due to this coupling, even
relatively minor light-induced perturbations of the
concentration of trans and cis-isomers cause strong
modifications of the orientational order and
consequently of the refractive index of the medium.
This provides fabrication of efficient volume
holographic patterns of the phase grating type.
Holographic patterning of LCEs in combination
with their strong opto-mechanical response opens
up a broad range of novel structures and possible
applications, such as imaging elements with tunable
focus, photonic band-gap structures with tunable
stop bands, and many other optical elements [3].
We performed a systematic investigation of optical
diffraction gratings fabricated in a light-sensitive
LCE material by means of holographic patterning.
1D and 2D transmission gratings were recorded in
the azobenzene-based LCE film by using an
interference field of two and four UV (351 nm)
laser beams. The effective thickness of the gratings
was found to be 20 micrometers. We revealed the
kinetics of the gratings recording and erasing
processes at various temperatures and determined
optimal recording conditions. We proved that the
presence of nematic phase is vital for the efficient
holographic recording. We also demonstrated
reversible modification of the grating period by
subsequent stretching and retraction of the film and
explained huge temperature-induced modifications
of the grating properties in the vicinity of the
nematic-paranematic phase transition. Our results
demonstrate that holographic recording in light
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Figure 1: Diffraction pattern of a 2D optical lattice
imprinted into the LCE sample. Inset: photograph of
the sample.
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Figure 2. Modification of the lattice distance as a
function of the elongation of the sample in the
direction orthogonal to the nematic director n.
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Surface structure of Langmuir-Blodgett films of
lipophilic guanosine derivatives
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Irena Drevenšek Olenik1,3

intermolecular hydrogen bonding, which might
occur in Langmuir films of this derivative, provides
additional possibility for tuning the properties of its
LB film structures. The tuning can be achieved
either via adding assembly stimulating ions to the
water subphase or by dilution of the material with
some other lipophilic molecules.
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We studied surface organization of lipophilic
guanosine derivatives with one, two and three
alkanoyl tails in thin films on water surface and in
Langmuir-Blodgett (LB) films transferred onto
freshly cleaved mica substrate. The derivative with
one alkanoyl group exhibits irreversible pressurearea isotherms and ribbon-like LB film structures.
The derivatives with two and three side groups
show reversible isotherms with similar critical
surface pressures, whilst their LB film structures are
quite different. The derivative with two tails forms
films with flat terraces of micrometer size, while the
derivative with three tails exhibits irregular threadshaped assemblies. These observations demonstrate
that molecular assembly of LB films of guanosine
derivatives can be effectively manipulated by
altering the number of attached lipophilic groups.
From the point of view of nanotechnology, the
material with two tails (dG(C10)2) seems to be the
most promising for applications requiring
homogeneous films with well defined and tunable
thickness. Our preliminary investigations of
multilayer LB films of this derivative showed that
regular terrace-like morphology is preserved also in
multilayer structures. The derivative with three tails
(G(C10)3) is likely unsuitable for applications, as its
LB film structures are very irregular and practically
cannot be controlled. The ribbon-like LB film
structure of the derivative with one tail
(GACE(C10)) is promising for applications
requiring 1D building blocks. Its properties might
be further improved by developing appropriate
methods leading to alignment of the ribbons along a
predetermined direction.
In addition to this,
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Figure 1: Surface pressure versus area isotherms
of Langmuir films of GACE(C10), dG(C10)2 and
G(C10)3 on water subphase.

Figure 2: AFM images of LB films of GACE(C10)
(left), dG(C10)2 (middle), and G(C10)3 (right)
deposited on muscovite mica. Vertical cross
sections along the marked lines are reported below
each image. The values displayed at the bottom are
vertical distances between the markers of the same
colour.
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Cell membrane nanostructures (membranous
pores, rafts, nanotubes, microvesicles, hexagonal,
inverted hexagonal and cubic lipid phases) are
important in transport of material between cells and
in transport of material in and out of the cell. Pores
are gates for entering drugs, stability of fusion pores
is important in signal pathways of nerve cells,
nanotubes and microvesicles convey biologically
active molecules to distant cells and contribute to
tumor progression, non-lamellar lipid phases are
present in the cell and constitute its infrastructure.
In order to improve diagnostic methods and
influence the development of the therapy in fatal
and debilitating diseases such as cancer, it seems
necessary to better understand basic principles and
mechanisms which are required for the stability of
nanostructures. These mechanisms can be impaired
in neoplastic cells.
The existence of membranous nanostructures
remained unrevealed for a long time due to their
small size and fragility. Apparently deriving from
the same underlaying mechanism, studies of
phospholipid systems helped in recognizing the
existence and morphology of membranous
nanostructures. Indirect evidence led to hypotheses
and successful search for these structures.
It was indicated (Mathivet et al., 1996) that
membrane constituents are quickly conveyed
between
phospholipid vesicles created by
electroformation which could not be explained by
diffusion through the surrounding solution. It was
therefore suggested, that a network of very thin
structures connects the vesicles. This network is
torn when the vesicles are rinsed into the
observation chamber leaving spherical vesicles with
thin tubular membrane protrusions. A process in
which the area difference between the outer and the
inner membrane area decreased, caused shortening
and thickening of the tubes which eventually
became visible under the phase constrast
microscope. Experiments with giant phospholipid
vesicles showed also dilatations of the tube which
could travel along the tube. These features were
sought for in cellular systems. It was found that in
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treated erythrocytes, where the cell divides into
fragments, these fragments remain connected by
thin membranous nanotubes. Further, structures
called tunnelling nanotubules were found in some
types of cells whereas it was proven that matter and
information can be transported by these nanotubes
(Rustom et al., 2004). Also we have observed
nanotubes in urothelial T24 line (Veranič et al.,
2008) and in astrocytes grown on gold nanolawn
(Gimsa et al., 2007). The gondolas which may
travel along the tubes were observed also in cells.
Mechanisms of the growth of nanotubes were
studied by treating erythrocytes with different
compounds such as detergents . Tubular protrusions
were formed on top of the echynocyte spicules,
depending on the species of the detergent added.
The other possibility was formation of shorter
globular buds which after pinching off became
sphere-like nanovesicles. Electronic microscopy
revealed the width of the tubular vesicles and the
diameter of the spherical vesicles to be between 50
and 100 nm.
Nanovesicles are shed from all types of cells in
the body and are present in the body fluids.
Therefore, they can be isolated from them and are a
potential diagnostic marker. As they preserve the
composition of the membrane of the bud wherefrom
they were created and contain biologically active
molecules, they convey matter and information to
distant cells. Nanovesicles isolated from peripheral
blood were found to be more abundant in persons
with cancer and autoimmune diseases and
thromboembolic disorders which could also be
connected to these diseases. Nanovesicles are
possible diagnostic markers and indicators of the
risk for thromboembolic events.
In this work, experimental evidence will be
presented
showing
different
membranous
nanotructures including nanotubes and nanovesicles
observed by different microscopic techniques, and
nonlamellar lipid phases revealed by the small angle
X-ray scattering. A unifiying theory based on
orientational ordering of membrane constituents
which explains the stability of these membranous
nanostructures will be given.
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Blood-brain-barrier (BBB) is a physiological
mechanism that alters the permeability of brain
capillaries so that some substances, such as certain
drugs, are prevented from entering brain tissue,
while other substances are allowed to enter freely.
Drug delivery to the central nervous system is
therefore still an issue whose knowledge is of
great importance and yet to be improved.
In our previous research we have
identified the optimal lipid composition of
liposomes, which are responsible for an
enhancement of drug transport across the
endothelial barrier formed from Madin-Darby
canine kidney (MDCK) cells, used as a model of
BBB. The basis of our research was to elucidate
significant differences of two optimal liposome
carriers, L3 and L4 loaded with calcein as a
hydrophilic fluorescence marker, in a cellular
uptake and transcytosis across a tight MDCK
monolayer in vitro, [1]. Both carriers were

composed of phosphatidylcholin, cholesterol,
dicetylphosphate and di-oleil-phosphatidylethanolamine (with unsaturated alkyl chains);
the main difference was that L4 contains an
alkylphospholipid (OPP), while L3 does not.
Both carriers were negatively charged, with the
same percentage of cholesterol, which was
previously found to be of great importance for
interaction of liposomes with cells [2]. In 24 hour
period the uptake of L3 liposomes by MDCK cells
was higher as for L4 liposomes, while the
transcytosis across MDCK cell monolayer was
just the opposite. In 24 hours approximately 25%
of calcein loaded in L4 liposomes and only 5% of
calcein loaded in L3 liposomes crossed the
MDCK monolayer,.
To understand these discrepancies, in this work
electron paramagnetic resonance (EPR) was used
to evaluate the fluidity characteristics and domain
structure of L3 and L4 membranes and to
investigate the interaction of these liposomes with
MDCK
cells.
For
membrane
fluidity
measurements the liposome membrane was
labelled with doxyl derivative of palmitic acid
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methyl ester. A clear correlation between
increased membrane fluidity in the upper part of
the membrane and transcytosis was found. To get
the information about the interaction of liposomes
with cells a water soluble spin labelled
tempocholine (ASL), which due to its charge does
not penetrate the liposome membrane easily, was
entrapped into the liposomes. After incubation of
trypsinated MDCK cells with liposomes a
decrease of the EPR spectra intensity was
observed, which is due to the reduction of spinprobe in the interior of MDCK cell. This means
that ASL is released from liposomes and is
reduced by oxy-redoxy systems inside the cell.
Kinetics of reduction is closely linked with two
possible processes when liposomes interact with
cell membrane: fusion and endocytosis; where
faster reduction is expected for fusion than for
endocytosis. The results show no significant
difference in the kinetics of liposome
encapsulated ASL reduction between L3 and L4
liposomes after incubation with MDCK cells,
while the reduction of free ASL is faster (Fig. 1).
In conclusion, we have shown that while
there is a clear correlation between liposome
membrane fluidity and transcytosis across MDCK
monolayer, the small difference in membrane
fluidity observed between L3 and L4 liposomes
does not influence the rate of liposome
encapsulated ASL release from liposomes into
MDCK cells. From these results we were not able
to elucidate the differences in the uptake and
transcytosis of L3 and L4 liposomes.
References:
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Journal of Pharmaceutical Sciences, (submitted)
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Figure 1: Reduction of ASL encapsulated in
liposome carriers (filled circles) and free ASL
(open diamonds) after incubation with MDCK
cells.
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Growth cones are the motile apparatus at the
end of an axon which has the role to explore the
surrounding environment and to guide neuronal
growth to reach the target. We used AFM
imaging in living conditions to analyse
neuronal growth cones evolution at the
nanometric scale. In particular we observed a
not already reported mechanism of growth cone
retraction.
It is well known that neuronal processes can
growth, pause, retract and eventually collapse,
however, due to a lack of methods of
observation capable to distinguish the growth
cone structure at the nanoscale, no observation
have been reported on the morphology of
growth cones during and after retraction. Indeed
we observed that growth cones leave small
(lateral size between 50 and 300nm) or big
(more than 1µm) fragments behind their path,
and sometimes they are literally cut away
instead of re-absorbed into the cell.
In order to perform a more accurate statistical
analysis and to obtain higher quality images we
also performed AFM imaging of fixed cells. To
do this we first validated the fixation procedure
obtaining AFM images of the same live and
fixed growth cone. We demonstrated that the
usual fixation procedures (paraformaldehyde or
gluteraldehyde) do not induce any artefact to
the cellular morphology also at nanoscale level.
So we made a quantitative study of growth
cones morphology, which resulted in 11% of
fragmented, 68% with smooth surface and 21%
with smooth surface and filopodia.
Alive growth cones were also observed with
Differential Interference Contrast (DIC)
imaging and were subsequently fixed and
imaged with AFM. Growing and exploring
growth cones had a compact cellular surface
with a height of their central domain up to 2
μm. In contrast, retracting or immobile growth
cones had a height of less than 200 nm with a
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fragmented shape. Immobile growth cones,
having established contacts, maintained a
smooth surface. Therefore growth cones surface
is correlated to their motion and fragmentation
could be the fate of growth cones which have
not found their target.
Figure:

Fig. 1: AFM height image of a fragmented growth
cone, the six panels covered a time lapse of 160 min and
each image was acquired in 7 minutes. The height of the
growth cone and the thickness of the axon were
decreasing during scanning period and after 160 min the
neurite completely retracted detaching itself from the
growth cone. Cross section height profile graphics along
the red scan lines a: height profile of the axon at time 0,
20 and 40 and b: height profile of the growth cone at time
0, 20 and 40. Scan line=5µm
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On the basis of the derived expression for the lipid
monolayer free energy, we were able to
theoretically predict the optimal geometry and
physical conditions for the stability of the inverted
hexagonal phase. By simple gradient method we
determined the minimum of the free energy of HII
phase with cylindrical geometry. For comparison
we also computed the free energy of lamellar phase
(Fig. 2-lines). Using the Monte Carlo simulated
annealing method we predicted the stable HII phase
with non-spherical cross-section of the tube (Fig. 2poins).

F/kT

The inverted hexagonal phase (HII) belongs to the
important non-lamellar mesophases in biological
membranes promising many interesting applications
in nanotechnology or medicine in drug delivery
systems. The inverted hexagonal structure is
composed of long thin tubes (radius of the tube has
units of nanometers) arranged in hexagonal lattice,
where lipid head-groups form the inner wall and
lipid chains are oriented outward (Fig.1).

general anisotropic with respect to the axis
perpendicular to the membrane plane. Thus we took
into account the anisotropy of the phospholipids
molecules in our expression of the bending energy
[1, 2].

HII
non-cylindrical

HII cylindrical
Hm[nm-1]

Figure 1: Scheme of the inverted hexagonal
phase, where a is a unit cell parameter, r is the
radius of the normal plane and ζ0 is the reference
length of the lipid chain.
In our study we are interested in the condition of
stability of the HII phase and transition between
lamellar (Lα) and inverted hexagonal phase. Hence
we are searching for the minimum of the free
energy of lipid monolayers in two cases. In the first
we consider the tube with the circular cross-section,
while in the second the assumption of circular crosssection is abandoned.
We assumed two contributions to the free energy of
the monolayer (F): the bending energy and the
interstitial energy which describes the deformation
energy due to stretching of the phospholipid
molecule chains in order to fill the hexagonal
lattice. We considered that lipid molecules are in
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Figure 2: Dependence of the minimal free
energy on the mean intrinsic curvature (Hm) for
lamellar phase (full line), HII phase with circular
geometry (dashed line) and HII phase with noncylindrical geometry (points) computed by Monte
Carlo simulated annealing, which shows the Lα - HII
phase transition.
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A few years ago a novel type of cell-to-cell
connection was discovered, where two spatially
separated cells are connected by a long, thin
tubular membranous structures (1). They were
named tunnelling nanotubes (TNTs) and are now
known as membrane nanotubes. The membrane
nanotubes were found in cultures and cocultures of
both permanent cell lines and primary cultures,
mostly between cells that are weakly connected to
each other or those which are actively migrating.
There is a considerable heterogeneity present
between membrane nanotubes. They differ in their
cytoskeletal composition, diameter, length,
proposed function, ability to form cytoplasmic
continuity. They were proposed to be involved in
cell-to-cell communication, since through them
different cellular material is being transported –
from signaling molecules, soluble cytoplasmic
proteins, membrane proteins and cell organelles
(reviewed in ref. 2)
Our experiments on T24 urothelial cell lines show
that membrane nanotubes (Figure 1) can be
divided into two distinct types with respect to their
biochemical characteristics and the nature of the
process of their formation.

The nanotubes of type I are shorter, usually not
longer than 30 μm, more dynamic and contain
actin filaments (Figure 2). They are formed when
cells explore their surroundings in order to make
contact with another cell. This type of actincontaining nanotubes can also bridge cells at
distances of less than 30 μm and are most likely
derived from the adherence cell-cell contacts of
cells that move apart as they appear higher of the
cell body. The nanotubes of type II are longer,
more stable and have cytokeratin filaments (Figure
2). They are formed when two already connected
cells start to move apart.

Figure 2. T24 cell stained for actin (green) and
cytokeratin (red) filaments. White arrows are
pointing at multiple, acting containing type I
nanotubes, whereas red arrow is pointing at longer,
cytokeratin containing, type II nanotube.
On the nanotubes of both types small vesicles
were found as an integral part of the nanotubes (i.e.
dilatations of the nanotubes) (Figure 3).

Figure 3. A scanning electron micrograph of T24
cells. Arrows are pointing at vesicular dilatations
on connecting nanotubes.
The dilatations of type II nanotubes do not
move along the nanotubes, while the nanotubes of
type I have frequently dilatations (gondolas) that
move along the nanotubes in both directions and
are formed in different ways (Figure 4). In some
cases the formation of gondolas may be induced by
a sudden tension (caused for example by diverging
cells) in the membrane nanotubes at specific sites

Figure 1. Membrane naotubes in T24 cell line.
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where the local membrane constituents of the nanotubes enable and favour the formation of such
dilatations Figure 4A). The tension induced dilatation of the nanotubes may appear anywhere along
the nanotube and then travels as a wave along the
bridging nanotube in the direction that is energetically favourable. The distension of the nanotubes
may be formed also because of a small organelle
inside the nanotubes, if the diameter of the organelle is larger than the inner diameter of the nanotube. The organelles inside the nanotubes may be
actively transported by different acto-myosin-dependent mechanisms (Figure 4B, C). We also suggest theoretical models that may explain how these
nanotubes are created and stabilized.

Figure 4. Possible origins of gondola formation
and its movement along a nanotube. The direction
of its movement is indicated by arrows.
In rare cases a direct connection between two
cell nuclei of two adjacent, non-dividing cells can
be seen (Figure 5). Since the connection originates
in the nuclei and it extends within the cell and
between the cells, this connection can be considered both intracellular and intercellular.

Figure 5. Within the connection between the two
T24 nuclei a filamentous connection labelled by
DAPI (marked by an arrow) can be detected (5A).
The same area of the connected cells is labelled for
desmoplakin which in these cells is mainly
distributed in the cytosol and close to the nucleus
(5B).
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Photodynamic therapy (PDT) is used for treatment
of various diseases including cancer. In PDT a
combination of a photosensitising drug, visible light
and oxygen causes a production of cytotoxic
reactive oxygen species. The application of PDT
can be enhanced by specific delivery of
photosensitive
drugs
to
targeted
cells.
Biodegredable poly(lactide-co-glycolide) (PLGA)
nanoparticles (NPs) with poly(ethylene glycol)
(PEG) chains on their surface represent a promising
delivery system in PDT. We evaluated the
incorporation of photosensitive drug Foscan
(temoporfin) into series of PLGA and PEG-PLGA
nanoparticles prepared by the double emulsion
solvent diffusion method. The average drug loading
value for NPs was 8% (m/m), and all of the
formulations exhibited controlled drug release. The
internalisation of Foscan-loaded NPs and the impact
of PEGylation were tested on a co-culture of breast
cancer MCF10AneoT cells and differentiated promonocytic U937 cells using flow cytometry. High
content of PEG chains on the surface of NPs
decreased the internalisation of NPs to U937 cells.
In the contrary,
PEGylation increased the
internalisation of NPs to MCF10AneoT cells.
Further, Foscan-loaded NPs were labelled by
covalent and non-covalent binding of mAb that
recognizes cytokeratins expressed in breast
epithelial cell lines and breast tumour cells. On this
way a specific delivery of Foscan to tumour cells
was obtained.
This work was partially supported by 7th FW EU
project NANOPHOTO.
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Hydrogen storage in bulk metallic glasses
Zr-Cu-Al-Pd
Anton Gradišek, Andraž Kocjan, Stanislav Vrtnik,
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Jožef Stefan Institute, Jamova 39, Ljubljana
Hydrogen storage is one of the important aspects of
hydrogen economy, a project to use hydrogen
instead of hydrocarbons as a fuel for vehicles. Since
hydrogen is gas at room temperature, it has very low
energy/volume ratio. Therefore, if it is to be used as
a fuel, it needs to be stored in a smaller volume.
Liquid hydrogen is too complicated to use because
of low boiling temperature while hydrogen gas
stored in a tank under high pressure may represent a
security risk if the container is damaged.
An alternative way is to store hydrogen in a metallic
alloy. In this case, hydrogen is located at the
interstitial sites between metal atoms and is not
chemically bound. Hydrogen is absorbed at elevated
temperature and pressure and can again be released
from the alloy at an elevated temperature.
In our study, we have investigated diffusion of
absorbed hydrogen in a series of bulk metallic
glasses
Zr-Cu-Al-Pd,
containing
different
concentrations of Pd. The samples were loaded with
hydrogen to the ratio H/M = 0.14.
Samples were positioned in the fringe filed of a
superconducting magnet at field 200 MHz,
magnetic field gradient was 68 T/m. Diffusion was
measured using a stimulated echo technique, that
enables us to measure very low diffusion rates.
Diffusion rates measured are of order of magnitude
10-13 m2/s.
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Mo6S3I6 Nanowire network vapour pressure
sensors
Aljaz Drnovsek, Bostjan Bercic, Dragan
Mihailovic

Figure x: Caption (Times New Roman, normal,
11 pt, justified).

Jozef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia

In this work we present a sensor for detection of
low vapor pressure gases.
The sensors are based on Mo6S3I6 nanowire
networks that are found to change their
resistance in response to the presence of analyte
vapors.
Each sensor is made of four circuits, each from
a different metal, covered with a thin layer of
Mo6S3I6 nanowires. We used Pd, Pt, Ni and Ti
metals for our circuits.
Response on every circuit is different and we
can link the amplitude of response to
concentration. With this data we are able to
recognize analyte and its concentration.

Empty circuit

Circuit with nanowire network.
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MoSIx nanowires self-assemble into functional
networks and qualify for applications as diverse as
lubricant additives, field emitters, battery electrodes,
(bio)chemical sensors, and as conductive or
reinforcing component of composites. They disperse
in many common solvents including water, where
they occur in bundles of diameters ranging from a
few 100 nm down to single wires (below 1 nm). In
this study we fractionated Mo6S9-xIx nanowire
material in liquid dispersion by centrifugation, to
obtain different bundle diameter populations. We
found a clear correlation between the bundle
diameter distribution (obtained by statistical
evaluation of TEM images) and the optical
absorption spectrum; the absorption peaks shift
from 1.8 to 1.5 eV and from 2.7 to 2.4 eV with
increasing bundle diameter. The structure of the
peaks is analyzed as a function of diameter,
suggesting that the samples are heterogeneous,
consisting of at least two phases. Our empirical
finding is a breakthrough for nanowire wet
processing, since it tremendously speeds up the
characterisation of dispersions.

Figure 1: TEM and SEM images of NWs bundles
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Figure 2: Absorption spectra for different
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During our work with MoSI nanowires, we have
encountered several different morphologies of
nanowire networks formed when deposited onto a
substrate. Despite using different sample
preparation parameters including solvent change,
the resulting networks can often share many
similarities and same is true for the reverse – same
sample preparation parameters can result in vastly
different networks.
We present several examples of different network
types and try to highlight some of our findings.
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We investigate the angular and spatial distributions
of protons of the energy of 0.223 MeV after
channeling through an (11, 9) single-wall carbon
nanotube (SWCNT) of the length of 0.2 μm. The
proton incident angle is varied between 0 and 10
mrad, being close to the critical angle for
channeling. The interaction between the proton and
nanotube atoms is described by the Doyle-Turner
interaction potential, whereas the additional force
acting on the proton, appearing due to the dynamic
polarization of the nanotube atoms valence electrons
by the proton and called the image force, is
calculated by a two-dimensional hydrodynamic
model [1, 2]. The angular and spatial distributions
of channeled protons are generated using a Monte
Carlo computer simulation code, based on the
numerical solutions of the proton equations of
motion in the transverse position plane. We show
that, as the proton incident angle increases and
approaches the critical angle for channeling, a ringlike structure is developed in the angular
distribution. The effect is known as the donut effect
(see Fig. 1). We demonstrate that it is in fact the
rainbow effect. Our results also show that, when the
proton incident angle is between zero and a half of
the critical angle for channeling, the image force
affects considerably the number and positions of the
maxima of the angular and spatial distributions.
However, when the proton incident angle is close to
the critical angle for channeling, its influence on the
angular and spatial distributions is reduced strongly.
This means that the contribution of the dynamic
polarization effect to the donut effect is minor.
Besides, we demonstrate that the increase of the
proton incident angle can lead to a significant
rearrangement of the propagating protons within the
nanotube. The analysis of the generated spatial
distributions of channeled protons has shown that
the increase of ϕ can give rise to a significant
rearrangement of the propagating protons within the
nanotube. For example, for ϕ = 10 mrad, the proton
beam is displaced from the nanotube axis toward the
nanotube wall leaving the region around the axis
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practically empty (see Fig. 2). It is clear that such a
rearrangement of the propagating protons may be
used to locate various atomic impurities in the
nanotube, using the secondary processes like
backward Coulomb scattering and nuclear reactions.
In addition, the presence of the rainbow maxima in
the spatial distributions can be used to determine the
positions of the impurities very precisely. One can
also think about directing such a nonosized proton
beam to a material to be modified with it, or to a
biological or medical sample.
References:
[1] D. Borka, S. Petrović, N. Nešković, D. J.
Mowbray, and Z. L. Mišković, Phys. Rev. A 73,
062902 (2006).
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Figure 1: The angular distribution of protons
channeled in the (11, 9) SWCNT with the inclusion
of the image force when the proton incident angle
ϕ = 10 mrad. The proton velocity is v = 3 a.u., the
nanotube radius a = 0.689 nm, and the nanotube
length L = 0.2 μm.

Figure 2: The distribution along the Y axis of
protons channeled in the (11, 9) SWCNT with the
image force taken into account – the solid curve –
and without it – the dashed curve – when the proton
incident angle ϕ = 10 mrad. The proton velocity is
v = 3 a.u., the nanotube radius a = 0.689 nm, and
the nanotube length L = 0.2 μm.
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Electron beam lithography
Boštjan Berčič, Aljaž Drnovšek, Dragan
Mihailović
Jozef Stefan Institute, Jamova 39, 1000 Ljubljana
On this poster we present our electron lithography
system, its uses and some of the measurements
obtained with the circuits produced with the
system. The resolution of the system is in the order
of 100nm and depends on the geometry of the
drawn pattern. The system is based on a modified
Jeol scanning electron microscope, with a custom
made electronic interface and additional software.
The system has been used for standard electron
beam lithography with different PMMA resists on
different substrates (silicon, ITO glass, mica) as
well as for lithography on silanized ITO glass
substrates. The circuits produced with our system
have been used primarily in electron transport
measurements of MoSI nanowires, with some
experiments on liquid crystals and colloid
dispersions. Electron beam lithography can be used
in a variety of different systems and has a wide field
of applications.
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Figure 1: Metallic contacts deposited over a
MoSI nanowire bundle using electron beam
lithography
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Weak and strong coupling approach to
electrostatic interactions between DNA molecules
in counterion solutions.
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DNA is higly charged polyelectrolyte when
dissolved in water solution. As a result under typical
physiological conditions of monovalent salt
solution, two DNA molecules higly repel when they
are close enough due to Coulombic repulsion.
Something totally different hapens when polyvalent
ions are present in the solution (spermine 3+,
spermindine 4+), and hence DNA condensation can
appear. It is due to the fact that polyvalent
counterions induce strong correlation effects in the
ion arrangement which manifests in the net
attraction between two DNA molecules at small
separations. The appearance of DNA-DNA
attractive force cannot be described by standard
mean-field approach. We present the model of two
DNA molecules, simplified by two charged helices
on a stiff cylinders, in counterion solution which is
solved numerically for two limiting cases. In the
weak coupling limit, also know as PoissonBoltzmann equation (mean-field), DNA-DNA
interactions are always repulsive. This approach is
satisfactory for describing monovalent counterions
when correlation effects are minor. In the opposite
limit, valid for polyvalent counterions, strong
coupling approach, which is based on virial
expansion of grand-canonical partition function,
also provides attractive interactions between two
similar charges. The latter can explain DNA
precipitation under polyvalent-salt conditions.
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Figure 1: Model of two DNA molecules in
counterion solution
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We investigate the rupture of charged spherical
viral capsids in the absence of viral genome from a
simple free energy functional combining
electrostatic free energy with the line tension
energy. The charges on the protein subunits that
make the viral capsid mutually interact, resulting in
an electrostatic repulsion that favours hole
formation. On the other hand, the formation of a
hole in a capsid exposes an edge where the protein
subunits form fewer bonds than usual; the edge’s
line tension thus acts against capsid disassembly.
The thermodynamical stability of such a system is
consequently governed by the interplay of both
contributions. We first present a simple model of a
uniformly charged, infinitely thin spherical cap in a
salt solution, and numerically compute the cap’s
free energy in the mean-field Poisson-Boltzmann
approximation. Additionally, we consider the line
tension free energy of the cap’s edge. For the
estimated values of the capsid line tension
coefficient, the partially formed (ruptured) states are
found to be energetically unfavourable, especially at
physiological conditions. This is consistent with
observations of empty capsid self-assembly, where
partially complete capsids are strongly suppressed
in equilibrium [1, 2]. We also use the model to
examine the case of capsid breakup, where the
process produces two separate capsid pieces. We
find that the possibility of such a breakup may be
influenced by lowering the salt concentration or
sufficiently charging the capsid surface. However,
these critical values of both parameters usually
differ considerably from their physiological values.
Finally, such breakup might as well pertain to
another possible “real” system, a flexible membrane
which breaks apart under special circumstances,
delivering potentially useful cargo from its interior.
References: [1] R. Zandi, P. van der Schoot, D.
Reguera, W.K. Kegel, and H. Reiss, “Classical
nucleation theory of virus capsids,” Biophys. J. 90
(2006) 1939-1948.
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Assessment of nanovesicles isolated from
peripheral blood
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Due to the possibility of diagnostic value of
nanovesicles (vesicles sized below a micrometer
downto 50 nanometers, also called microvesicles)
isolated from body fluids there is a great interest to
elaborate a useful method for their assessment. It is
our aim to study populations of patients with
different diseases and of subjects with no evidence
of the disease. In order to be able to compare
different populations, we need a method that
enables comparison between samples taken at
different days and are processed by different
persons. This proves to be a difficult task and in
spite of many studies published there is still no
standardized
protocol
for
assessment
of
nanovesicles and interpretation of the results. It
turns out that many steps in the protocol are
sensitive to the conditions and decisions, therefore
the final result given by the number of nanovesicles
in the isolated material is subject to large errors and
is poorly repeatable. Here we present the protocol
and possible sources of the scattering of results in
some of the steps of the protocol for assessment of
the number of nanovesicles in samples from
peripheral blood.
In order to analyze samples of nanovesicles
isolated from peripheral blood we have chosen the
protocol of M. Diamant et al., (2002) which was
previously used in clinical studies reported in the
literature. According to the protocol, 2,7 mililiters
of peripheral blood was taken by venipuncture into
glass tubes (Laboratorijska tehnika Burnik d.o.o.,
Skarčuna, Slovenia), containing anticoagulant
trisodium citrate and processing of samples started
within 20 minutes. Samples of blood were
centrifuged at 1550 g for 20 minutes at room
temperature. Plasma was pipetted into Eppendorf
tubes (2 samples of 250 microliters for each sample
of blood). A transparent pellet is visible at the
bottom of the Eppendorf tube, some of them
comtaining a small red dot formed by the
erythrocyte-derived nonovesicles. Samples were
centrifuged at 17550g for 30 minutes. 225
microliters of supernatant was carefully removed
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and the same volume of phosphate buffer saline was
added. After vortexing the samples, the
centrifugation at 17550g and removal of supernatant
was repeated. For measurement by the flow
cytometer the isolated material is diluted by an
appropriate volume of phosphate buffer saline.
Appropriate volumes of calibrating microspheres
sized 1 micrometer were mixed and analysed by
flow cytometer Coulter EPICS Altra (Fullerton,

ZDA). Calibrating microspheres sized 1
micrometer were used (Flow-Count, Beckman
Coulter, concentration 1.05x106/ml).

Figure 1: Flow cytometric diagram of forward
scattered (FS) versus side scattered (SS) light due to
nanovesicles (NV) in the sample isolated from
peripheral blood of a donor without evidence of a
disease (female, 49 years). Adapted from Junkar et
al., 2009.
Figure 1 shows a flow cytometric scatter diagram
corresponding to the sample from a donor with no
evidence of a disease (H1). By comparing these
results with the scanning electron images of the
isolated material obtained from the peripheral blood
by the same protocol, three regions of events were
distinguished. The region R1 corresponds mainly to
calibration microspheres. The events in the region
R2 correspond to structures with approximately the
same dimensions but different contents of particles
yielding different scattering of light. We ascribe
these events to the presence of platelets and cell
fragments, however, elongated nanovesicles may
also contribute. Smaller structures ascribed to the
region R3 are interpreted as nanovesicles and
protein-lipid assemblies.
However, large variations (in the range of the
order of magnitude) occurred between samples
taken from the same persons due to the technique of
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the blood uptake. Figure 2 shows the number of
events in the region R3 from three donors without
evidence of the disease. For two of three donors (A
and C), blood was taken at two different
departments while for the third donor (B), blood
was taken at three different departments. The same
kind of needles (20 gauge, Multiple-Draw needle,
Nipro Corporat-ion, Tokyo, Japan) was used.

Figure 3: Number of nanovesicles in the region R3
in dependence of the sample volume. Blood was
donated by a subject with no evidence of a disease
(female, 50 years). Blood was taken by the same
person using the same technique at different days in
the interval of two weeks.

Figure 2: Number of nanovesicles in the region R3
in three volunteers without evidence of a disease (A:
female, 60 years, B: female, 50 years, C: male, 46
years), taken at three departments of University
Medical Center Ljubljana (black: Department of
Rheumatology, gray: Department of Gastroenterology, white: Department of Neurology).
Comparison between black bars and gray bars
shows that the measured numbers of nanovesicles
was in all three cases and on the average for an
order of magnitude higher when the blood was
taken at the Department of Gastroenterology
comparing to the Department of Rheumatology.
We have ascribed the differences to different
techniques of taking the blood.
Figure 3 shows the dependence of the number of
nanovesicles on the volume of blood taken into
tubes with the same volume of anticoagulant. Lower
resulting concentration of the anticoagulant yielded
higher number of nanovesicles in the isolated
material. In the sample with the smallest volume
(0,5 mL) the number of detected events in the
region R3 was the same as the background meaning
that either the number of nanovesicles in blood was
undetectable and no significant amount was
produced in the isolation procedure – or – they were
destroyed by the high concentration of
anticoagulant.
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We conclude that we have successfully isolated
nanovesicles from peripheral blood and interpreted
the identity of the events recorded by the cytometer,
however, quantitative assessment of the number of
nanovesicles which would differentiate samples
from different subjects is not yet elaborated. At the
present stage of the development of the protocol the
samples processed the same day by the same team
can be compared, but not the samples taken and
processed by different persons. Every step of the
protocol should be thoroughly elaborated in the
attempt to find the critical steps which yield large
variability of the results corresponding to the same
subject. It is yet unclear whether a robust and useful
protocol suitable for studying large populations can
be developed or - are we presented with a Fermat
problem?
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Isolation of particles smaller than micrometer,
from different body fluids (peripheral blood,
synovial fluid, ascites and pleural liquid) was
performed. Samples were acquired into glass tubes
containing trisodium citrate. Nanovesicles were
isolated by repeating centrifugation and washing
and prepared for scanning electron microscopy by
fixation in glutaraldehyde and OsO4 at the Institute
of Cell Biology, Faculty of Medicine, Ljubljana.
Scanning electron microscopy of samples was
performed by Cambridge instruments S360
microscope (Cambridge Instruments GMBH,
Nussloch, Germany) at Abo Akademi University,
Abo/Turku, Finland.
Scanning electron microscope images (Figure 1)
show the presence in different body fluids, of
particles sized below a micrometer. These structures
could be nanovesicles pinched off the cell
membranes. The shapes of particles in the isolated
material of peripheral blood and in synovial fluid
are highly symmetrical indicating that they are
determined by the minimum of the membrane free
energy. In ascites and pleural liquid, the isolated
particles are smaller comparing to the particles
isolated from peripheral blood and synovial fluid
while their shapes are more irregular.
While nanoparticles in blood could partly
originate from in vitro conditions, particles in other
body fluids express the state of the fluid present in
the body. Acquiring nanoparticles from body fluids
could be a background for potential diagnostic
method.
In this work, scanning electron micrographs of
different samples obtained from body fluids will be
presented.
Figure 1: Nanoparticles isolated from different
body fluids: A; peripheral blood, B: synovial fluid,
C: ascites, D: pleural fluid. Bar in A: 1 micrometer,
bars in B, C and D: 200 nanometers.
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The aim of this work is to develop an integrated
system
allowing
precise
diagnosis
of
neurodegenerative diseases. Amount of prions is
usually not high enough to detect them from normal
blood sample. This system uses an ultrasensitive
detection of specific direct amyloid-related markers
in the cerebrospinal fluid and blood, with new
products of nano/micro biosciences.
Among these diseases with amyloid deposits, the
project is focused on BSA and Alzheimer diseases.
At present, their diagnosis must be confirmed by
post-mortem cerebral analysis. Sensitivity is needed
for early diagnosis, which will permit more costeffective therapeutic intervention, before the disease
concerned has progressed to a stage where
considerable damage to the brain has already
occurred. In the case of prion diseases, there are
concerns regarding not only patient care, but the
wider community too, with regard to the risk of
transmission of prions, especially during blood
transfusion.
Before application in diagnostic tests and assays the
surface properties of magnetic particles must be
enhanced by coating them with a layer of specific
functionalized material to which specific molecules
(e.g. streptavidin, other biomolecules with special
binding sites) are linked. Usually, they are first
coated with a layer of polymer or silica which
prevents contact of magnetic iron core with
sensitive enzymes or cells. Furthermore,
functionalized polymer or silica surface provides
necessary binding sites for further covalent
attachment of specific biomolecules (usually
proteins) for capturing of molecules of interest. In
this paper we present our work on silica coated
magnetic nanoparticles to which streptavidin was
bounded by adsorption or by chemical reaction.
Streptavidin has strong affinity to bind biotin. The
dissociation constant (Kd) of the biotin-streptavidin
complex is on the order of ~10-15 mol/L, ranking
among the strongest non-covalent interactions
known in nature. The strong streptavidin-biotin
bond can be used to attach various biomolecules.
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We have developed many different batches of
magnetic nanoparticles with special aims. Covers
with streptavidin and different blocking reagents
were produced and tested in laboratory. Two main
protocols were used to attach streptavidin to the
surface of the beads: physical adsorption and
chemical coupling. For chemical coupling we have
used different protocols. We have been changing
parameters from different buffers, pH, temperature,
incubation time, washing and concentrations.
Streptavidin was attached to the surface via surface
functional groups such as carboxylic group, amide
function group or hydroxyl group. Magnetic beads
were of two different dimensions: micrometer-size
(around 1 µm) and nanometer-size (around 12 nm).
Furthermore batches with or without adding the
blocking agent BSA (bovine serum albumin) were
prepared. Albumin blocks unoccupied places and
thus prevents binding of unspecific places and
molecules on the beads. We have found out that
more than 3% solution of BSA should be added
after binding of streptavidin to the surface.
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Purpose:
Nowadays
many
dermatological
preparations, sunscreens and other cosmetics,
contain nanosized particles of ZnO and/or TiO2 (1).
Kristl et al. (2009) have observed that keratinocytes
rapidly internalize nanoparticles (NPs), indicating
well-permeable cell membrane and high uptake
capacity (2). Besides their ability to penetrate into
cells, nanometer-sized particles can be also
responsible for higher toxicity compared to bigger
particles, mainly due to their larger surface area and
enhanced chemical reactivity. Therefore application
of NPs increase the risk of cell damage and
consequently cause alterations in mitochondria,
proteins, DNA, cell membranes, etc., usually
resulting in cell death (3). Despite the fact that ZnO
and/or TiO2 NPs are frequently used, only few longterm toxicological studies are available.
Our investigations were focused on the influences
of ZnO and TiO2 NPs on keratinocytes after three
months of continuous treatment with NPs in
concentration, which was shown not to be cytotoxic
for the cells in concentration-dependent short-term
(up to 72 hours) experiments.
Methods: NPs were characterized using photon
correlation spectroscopy, laser doppler anemometry
and electron microscopy. Based on short term
experiments (up to 72 h treatment) 10 µg/ml
concentration of NPs was chosen for long-term
experiments. Keratinocytes were cultured and
treated in vitro with 10 µg/ml of NPs for three
months, after which cellular morphology was
visualized using scanning and transmission electron
microscopy, mitochondrial activity and generation
of intracellular ROS were investigated using
fluorescence microscopy and colorimetric assays
based on enzymatic activity.
Results: The preliminary short-term experiments
showed no adverse effects of ZnO and TiO2 NPs on
viability and morphology of keratinocytes in
concentration up to 15 µg/ml (Fig. 1). Furthermore,
TiO2 NPs did not affect cell viability as well as cell
growth in concentrations up to 100 µg/ml.
Oppositely, ZnO NPs decreased cell viability in
concentrations above 20 µg/ml and caused
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detachment of keratinocytes. In this study, we have
shown that cells can survive short-term exposure to
low concentrations of ZnO and TiO2 NPs, however,
question regarding cell ability to maintain essential
cell functions during their life span arises.
Therefore, the concentration that did not show any
cytotoxicity in short-term experiments was used for
long-term investigations, where the effects of
repeated application of ZnO and TiO2 NPs on
keratinocytes were evaluated.
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Figure 1: Concentration-dependant relative viability
of keratinocytes treated with ZnO or TiO2 NPs for
72 h. Keratinocyte viability was determined using
MTS assay.
The results showed that TiO2 NPs did not
significantly change generation of ROS compared to
untreated cells. However, slightly higher intensity of
mitochondrial fluorescence compared to the control
cells was observed, indicating enhanced cell activity
(Fig. 2). Microscopical observation of TiO2 treated
cells showed unchanged cell surface and
morphology of cellular organelles. On the other
hand, keratinocytes treated with ZnO NPs showed
significantly elevated ROS levels (by approx. 45%).
It seems that oxidative stress may be a main cause
of cytotoxicity of ZnO NPs. The fluorescence of
cell mitochondria could not be detected, indicating
very weak mitochondrial and consequently cellular
activity (Fig. 2).
Control

ZnO 10 µg/ml

TiO2 10 µg/ml

Figure 2: Microscopical visualization of
mitochondrial activity of keratinocytes after three
months treatment with ZnO and TiO2 NPs.
Mitochondria were stained using Mito Tracker Red.
Bars represent 20 µm.
These results were quantitatively confirmed by
accompanying the activity of mitochondrial
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dehydrogenase. Furthermore, ZnO NP-treatment
caused significant decrease in cell number as well as
appearance of dense nuclei and no visible actin
fibers.
Conclusions: Prolong treatment of keratinocytes
with ZnO NPs at 10 µg/ml concentration, altered
mitochondrial activity, affected cell morphology
resulting in disappearance of actin fibers and
appearance of dense cell nuclei, however, TiO2 NPs
in same concentration did not exert such effects. On
the bases of this research it can be concluded that
long-term exposure to TiO2 NPs in concentrations
up to 10 ug/ml is safe, meanwhile, ZnO NPs in
similar concentrations exert cytotoxic effects most
probably due to increased oxidative stress triggered
by NPs.
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Purpose:
UVA
irradiation
induces
oxidative damage at the molecular and cellular level
caused by direct and indirect free radical generation,
what widen the circle of cellular activities. Those
involves cellular stress resistance, genomic stability,
energy metabolism and these all have been
connected with sirtuins, NAD+ dependent enzymes.
Therefore manipulating of sirtuin activity and
therapeutic intervention in mitochondria, which are
most important organelle included in ROS-survival
pathway, might result in protection from a metabolic derangements leading in tumorigenesis (1).
Resveratrol (RSV), naturally occurring
polyphenol, has been demonstrated as the sirtuin
activator and also is able to modulate some
mitochondrial proteins. However, RSV possesses
very poor bioavailability and characteristics of
hormesis – stimulation of cell-self defense system at
small concentrations, but cytotoxic action at high
concentrations (2). Mentioned obstacles of RSV can
be avoided with its loading in nano-sized delivery
system (3). In support, results of our research group
already have shown improved efficiency of some
drugs when they are included in nano-carriers.
The present work aims at targeting RSV to
the sub-cellular compartment where it is expected to
best realize its antioxidant potential – mitochondria.
It was achieved by RSV loading in solid lipid
nanoparticles (SLN-RSV), which enable controlled
release and long-term presence of RSV in the cells
at low concentration.
Methods: SLN were prepared with the hot
melt homogenization technique and characterized in
size using photon correlation spectroscopy and
surface charge using laser Doppler electrophoresis.
Biological assays were made on keratinocytes that
were exposed to the non-lethal dose of UVAirradiation and after that treated for 48 hours with
100 µM of RSV alone or loaded into SLN. Finally,
the cells were examined in ROS content and
viability by using colorimetric assays (DCFH-DA
and MTS assay). The cell growth, confluence,
morphology, changes in genetic material and
mitochondrial activity were accompanied by
appropriate staining and visualizing with fluorescent
microscopy (Olympus).
Results:
UVA-irradiation
triggered
formation of ROS with consequent lower viability,
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increased fraction of dead cells and markedly drop
of mitochondrial activity (Fig. 1 - first column).
In the presence of RSV radical’s formation
elevated over cell-defense system and viability as
also mitochondrial activity was lowered. RSV
cytotoxicity was potentiated when RSV was added
after UVA-irradiation (Fig. 1 - second column).
SLN have shown sophisticated intracellular
trafficking next to the mitochondria and caused any
markedly alterations in the cells. SLN caused any
influences also on the irradiated cells, what proved
their biological inertness (Fig. 1 – third column).
Treatment of keratinocytes with SLN-RSV
could protect the cells against the cytotoxicity of
RSV. What is more, also degradation processes,
which are triggered in UVA-irradiation, were
silenced (Fig. 1 – fourth column).
Conclusion: Using SLN as delivery system for
RSV higher drug specificity and its lower
cytotoxicity can be achieved. SLN consider drug
characteristics, controlled release and necessity of
intracellular positioning. What is more, we proved
rapidly movement of SLN through cell membrane
and once inside they localize perinuclearly, mostly
integrate among mitochondria. Therefore, RSV can
more efficiently express its action on the proteins,
interfering in cell-survival pathways (e.g. sirtuins,
mitochondria proteins).
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Figure 1: Visualization of cell growth,
morphology and mitochondrial activity after
incubation keratinocytes with RSV in
solution, SLN or SLN-RSV. (blue - nuclei;
red – mitochondria).
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Silica-coated fluorescent magnetic nanoparticles
marked with monoclonal antibodies for breastcancer targeting
Slavko Kralj1, Stanislav Čampelj1, Nataša
Obermajer1,2, Matija Rojnik2, Janko Kos1,2, Darko
Makovec1
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Jožef Stefan Institute, Jamova 39, SI-Ljubljana,
Slovenia
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Faculty of Pharmacy, Aškerčeva 7, SI-Ljubljana,
Slovenia

Breast cancer is the most frequent female cancer in
western countries [1]. Among 3,191,600 diagnosed
cancers in Europe in 2006 429,900 cases or 13.5%
were breast cancers [2]. Early detection is a clinical
challenge which may significantly improve the
treatment and survival of breast cancer patients.
Using magnetic resonance imaging (MRI), the
current spatial resolution of detection is of the order
of a few millimeters [3]. This corresponds to
millions of cancer cells which could develop to the
metastatic disease, and therefore there is a need for
further development of imaging methods enhancing
the contrast and spatial resolution of tumour tissue
in MRI.
Among the wide variety of magnetic materials that
can be prepared in the form of nanoparticles, iron
oxides have certainly been and still are the most
intensively studied [4]. This is due to several
factors, one being the approval by the Food and
Drug Administration (FDA) for the use of
superparamagnetic iron oxide nanoparticles as
contrast agents in MRI. FDA approval implies that
iron oxides are relatively benign toward humans.
There are, of course, other factors, such as their
unique physical properties and their ability to
function at the cellular and molecular levels of
biological interactions.
However, the properties of the magnetic
nanoparticles need to be adapted to a specific
application. The most important properties in the
biomedical application of nanoparticles are their
magnetic properties, size, biocompatibility and
capacity for the selective binding of different
molecules onto their surfaces [5]. For intravenous
and intra-arterial applications, which are the most
common for drug administration, magnetic
nanoparticles of a suitable size are applied in the
form of a stable aqueous suspension. For the
preparation of a stable suspension, nanoparticles are
expected to exhibit superparamagnetic properties in
order to avoid inter-particle magnetic interactions
that could cause agglomeration. Moreover, the
nanoparticles should not be too early recognized
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and taken up by the reticuloendothelial system, a
network of cells lining blood vessels whose function
is to remove foreign substances from the blood
system. To ensure long circulation times, the
nanoparticles should be coated with biocompatible
molecules, such us polyethylene glycol. For the
selective binding of different molecules (drugs,
antibodies, etc.), the nanoparticles’ surface should
contain specific functional groups, i.e., they have to
be functionalized. Usually, the nanoparticles for
biomedical applications are composed of a magnetic
core and an organic or inorganic shell, which
provides biocompatibility and functionalization [6].
The surface of the maghemite core is relatively
inert and usually does not allow strong covalent
bonds with biological molecules. However, the
reactivity of the maghemite nanoparticles can be
improved by coating a thin layer of silica onto their
surfaces. This rigid layer of silica provides reactive
–OH surface groups for strong covalent binding.
The silica layer should be continuous and
homogeneous, but as thin as possible so as not to
impair the magnetic properties.
In this work, different types of covalent binding of
monoclonal antibodies (mAbs) to silica-coated
fluorescent
maghemite
nanoparticles
were
investigated.
The magnetic nanoparticles were synthesized with
co-precipitation from aqueous solutions of Fe2+ and
Fe3+ ions with a concentrated ammonia solution.
The synthesized nanoparticles were dispersed in an
aqueous medium using citric acid as a surfactant. A
thin layer of silica was coated onto the nanoparticles
using hydrolysis and the condensation of tetraethyl
orthosilicate (TEOS) and the nucleation of the
formed silica on their surfaces. The coatings were
characterized
with
transmission
electron
microscopy, magnetization measurements and FTIR spectroscopy.
The reactivity of the silica-coated nanoparticles was
tested by grafting (3-aminopropyl) triethoxysilane
(APS) onto their surfaces. The surface concentration
of the APS was determined using conductometric
titrations. The presence of –NH2 groups on the
surface was shown by a total organic carbon (TOC)
analysis and FT-IR spectroscopy. Even when the
nanoparticles’ surfaces were only covered by a
monolayer of Si-OH, the surface concentration of
the bonded APS reached values suggesting a full
surface coverage (4.5 molecules of APS / nm2),
whereas with uncoated nanoparticles a much lower
surface concentration of APS (< 1 molecule of APS
/ nm2) can be grafted.
The suitability of the APS-functionalized, silicacoated nanoparticles was tested for the subsequent
bonding of different molecules. To enable the
tracking of the nanoparticles using optical
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microscopy, fluorescein isothiocyanate (FITC) was
attached to the nanoparticles’ surface. FITC binds to
the terminal amino group of the APS with its
isothiocyanate functional group. The presence of
FITC molecules on the surface was shown by the
TOC analysis and fluorescent microscopy.
Finally, monoclonal antibodies (mAbs) [7] were
covalently bound to the fluorescently labelled
nanoparticles in three different procedures. First, a
water-soluble crosslinking agent for covalent
binding between the amino group of the APS and
the amino group of the mAb was used. The second
procedure was based on using a PEG-ilated
crosslinking agent for covalent binding between the
amino group of the APS and the amino group of the
mAb. The last procedure was done in two stages.
Fluorescently labelled nanoparticles were pegilated
in the first stage and then bound with mAbs using 1ethyl-3-(3-dimethylaminopropyl)
carbodiimide
(EDC)
in
the
second
stage.
The
cytotoxicity/viability of the fluorescently labelled
nanoparticles was performed using flow cytometry.
All the final functionalized nanoparticles were
analysed with dynamic light scattering (DLS).
Recognition of the epitope on the cancer cells by the
mAb-marked fluorescent nanoparticles (first
procedure) was investigated using MCF-7 cells. In a
co-culture of breast tumor MCF-7 cells and promonocytic U937 cells, mAb-marked nanoparticles
relatively well recognized and internalized the
tumour cells.
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Easy and cheap ZnO/C nano-on-micro
architecture for gas sensing applications
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In the past decades, solid-state gas sensors have
played an important role in environment monitoring
and chemical process controlling. Among the
various sensors, semiconducting metal oxide
sensors have been widely investigated due to their
small dimensions, low cost, and high compatibility
with Si-based microelectronics. Zinc oxide (ZnO),
an intrinsically n-type metal oxide semiconductor
with large exciton binding energy and large
bandgap energy, is a suitable candidate for solid
state gas sensing owing to its high chemical
stability, low cost and sensitivity to a variety of
gases. Compared with bulk and thin film, 1D
nanowire gas sensors are able to provide larger
response and to detect gases at low concentrations,
due to their large length-to-diameter aspect ratio and
high surface-to-volume ratio [1]. We present a very
easy and cheap way (simply thermal evaporation
and oxidation) to fabricate resistive sensors based
on ZnO nanowires forests even without any
lithographic processes. The sensors, realized on Si
and C based substrates, show good sensitivity
(down to few ppm) and very short response and
recovery times both for reductive and oxidizing
gases. The devices present a homogeneous forest of
ZnO nanostructures whose SEM and TEM images
are shown. The sensors show a very good stability
(no current drift) and reproducibility in the
response. The response will be analyzed also as a
function of the mean diameter of the nanowires and
the working temperature of the sensor devices.

a

b
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Figure 1: Scanning electron micrographs of the
carbon microfibers before and after ZnO nanowires
growth. a) clean carbon fibers. b) ZnO nanowires
grown radially from the carbon fibers.
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Microstructural investigation of TiO2 nanoanatase grown under hydrothermal conditions
Barbara Horvat, Aleksander Rečnik, Goran Dražić
Department for nanostructured materials
Jožef Stefan Institute
Nanocrystalline TiO2 is widely investigated oxide
due to its extensive use in photocatalysis. Its
properties can be controlled by its particle size,
morphology and crystalline form that is anatase,
rutile or brookite. Last one shows no photocatalytic
effect, while first two do. Pure anatase is more
photocatalytic then pure rutile, but their mixture, as
in the Degussa powder, shows even bigger
photocatalytic effect than pure anatase. However, it
was reported that anatase nanotubes are even more
photocatalytic then Degussa powder. But nanotubes
tend to aggregate in the way, that fraction between
surface and volume drops, so photocatalytic effect
lowers. Better solution is then building complex
structures which are already aggregated due to
diffusion limited aggregation (DLA) or have grown
into tree-like structures starting growth from twins
into elongated crystals.

Figure 1: HRTEM image of anatase twin
viewed in [-1-11] zone axis.

We varied temperature, heating time, pH and
additives in hydrothermal synthesis and got
spherical, tubular, elongated, plate-like, bipyramidal
crystals and anatase twins from primary amorphous
particles.
We observed transformation of elongated type of
anatase into bipyramidal type at prolonged time of
heating. Elongated crystals were growing in one
preferential direction, on the other hand bipyramidal
crystals were growing in all directions with the
same rate.

Figure 2: HRTEM image of bipyramidal anatase
crystal growing with same rate in direction [10-1]
and [101].

Beside anatase modification of TiO2, brookite was
found in traces.
TEM, HRTEM, SAED, nanodiffractrion and EDXS
were used to determine the structure, chemical
composition and morphology of particles.

Figure 3: HRTEM image of elongated crystal
viewed from [010] growing in preferential direction
[10-1].
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Simulations of aggregation of colloidal particles
in the suspensions for Pb(Mg1/3Nb2/3)O3 synthesis
Gregor Trefalt, Marija Kosec, Barbara Malič,
Danjela Kuščer
Jožef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
Processing of materials often involves steps where
we have to suspend particles in a liquid medium.
Interactions between particles in such systems
usually have crucial influence on the properties of
the end product [1].
We have developed a new method for the synthesis
of Pb(Mg1/3Nb2/3)O3 (PMN) ceramics from aqueous
colloidal suspensions [2]. The starting powders of
PbO, Nb2O5 and (MgCO3)4·Mg(OH)2·4H2O were
mixed in water in a ratio corresponding to the
stoichiometry of PMN. Interactions between
particles in the suspension were controlled by the
pH, as the surface charge on the particles can be
modified by altering the pH. The suspensions were
subsequently dried and then calcined to get the
ceramic powder. To get the perovskite powder after
the solid state synthesis two conditions should be
considered:
1. We must prevent close contacts between lead
oxide and niobium oxide particles to prevent the
formation of parasitic pyrochlore phases.
2.
The
magnesium
species
should
be
homogeneously distributed between lead and
niobium oxide particles, due to the slowest
diffusivity of MgO.
The idea was to tune the interactions between the
colloidal particles to obtain self-assembled
aggregates which would fulfill the two conditions
mentioned above. Two sets of experiments were
performed.
First, suspensions with the pH = 12.5 were
prepared. At this pH, the surface of PbO and Nb2O5
is
negatively
charged,
whereas
the
(MgCO3)4·Mg(OH)2·4H2O particles are positively
charged. Colloid-colloid interactions should
therefore lead to aggregates without close contacts
between PbO and Nb2O5 particles (repulsion
between these particles is expected) and a
homogeneous
distribution
of
(MgCO3)4·Mg(OH)2·4H2O particles between PbO
and Nb2O5 particles (attraction between oppositely
charged particles) (Figure 1).
Second, suspensions with pH = 11.4 were prepared.
At these conditions, the surfaces of PbO and Nb2O5
particles are oppositely charged, therefore we
expect aggregates with a lot of PbO-Nb2O5 close
contacts, which is in contradiction to the two
requirements mentioned above (Figure 1).
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After drying of and heating at 900 °C, the powder
from the pH = 12.5 sample contained pure
perovskite PMN, whereas pH = 11.4 sample
contained both perovskite and parasitic pyrochlore
phases. We believe that arrangement of particles in
the suspension is crucial for the synthesis of pure
PMN.
However we could not find any experimental
method to see distribution of particles in the
suspension. Therefore numerical simulations were
used to see whether our predictions were right.
Simulations were preformed in the framework of
canonical Monte Carlo method. The coarse grained
model was used, where colloid-colloid interactions
were calculated according to the DLVO theory. This
model is widely used for simulations of such
systems [3-5] and gives results in agreement with
experiment if quality input parameters are used [5].
The
simulation
results
for
equilibrium
configurations for both cases (pH = 12.5 and pH =
11.4) are presented in Figure 2.
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Figure 1: Expected distributions of particles in the
suspensions. The PbO particles are colored red,
Nb2O5 green, and (MgCO3)4·Mg(OH)2·4H2O blue.

Figure 2: Equilibrium configurations of colloidal
particles in the suspensions (Perspective of the 3D
simulation cell). The PbO particles are colored red,
Nb2O5 green, and (MgCO3)4·Mg(OH)2·4H2O blue.
(Figures were created with VMD [6].)
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Synthesis and characterization of the
K0,5Na0,5NbO3 - SrTiO3 thin films prepared by
chemical solution deposition
Alja Kupec, Barbara Malič and Marija Kosec
Jozef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
Increasing requirements for miniaturization of
micromechanic and microelectronic components
have increased the demand for thin film processing.
At present lead-based complex perovskite systems,
such as lead zirconate titanate (PZT) or lead
magnesium niobate titanate, are widely used
because of their good piezoelectric, pyroelectric and
ferroelectric response. Lead is heavy metal and its
toxicity is well known. As a consequence much of
the
research
is
oriented
toward
more
environmentally friendly lead-free materials.
Sodium potassium niobate solid solution with the
composition (K0,5Na0,5NbO3) has been considered as
one of the promising candidates for lead free
piezoelectric materials 1-3. At present, the functional
properties of potassium sodium niobate ceramics are
not as high as those of lead-based piezoelectric
ceramics, however the materials can fulfill the
requirements for niche applications3. Solid solutions
of K0.5Na0.5NbO3 with alkali earth titanantes,
including SrTiO3 have been investigated. The
compositions exhibit piezoelectric4,5 and also
relaxor6 behavior, depending on the amount of
SrTiO3 in the solid solutions.
Up to now there have been only few reports on
chemical solution depositon of alkali niobate based
thin films7, 8.
In this work we report the Chemical Solution
Deposition of K0.5Na0.5NbO3 – SrTiO3 thin films
with different ratios of the two constituent phases.
The sols (CM = 0.4 M) for (1-x) K0.5Na0.5NbO3 –x
SrTiO3 thin films, with x = 0.05, 0.1, and 0.25, both
stoichiometric and with 5 % excess of alkalis, were
prepared via alkoxide based sol gel synthesis from
sodium and potassium acetates, niobium ethoxide,
titanium propoxide and strontium nitrate in 2methoxyethanol. Since some of the starting
materials are sensitive to the moisture, entire
procedure was performed in dry nitrogen
atmosphere. The precursor solutions were spin
coated on Pt(111)/TiO2/SiO2/Si substrates and the
as-deposited films were pyrolyzed at 300 °C. The
procedure was repeated to achieve the final
thickness of about 300 nm. The films were annealed
at 750 °C.
According to XRD the films crystallize in
perovskite phase upon heating at 750 oC. We
observe that with increasing SrTiO3 content the
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monoclinic distrortion, charateristic for pure
K0.5Na0.5NbO3, decreases, and the reflections of the
perovskite phase are slightly shifted to lower dvalues due to the formation of a solid solution.
In the contribution we further discuss the influence
of the SrTiO3 content on the microstructure and
dielectric properties of K0.5Na0.5NbO3 - SrTiO3 thin
films.
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Functional Properties of K(Ta, Nb)O3 Thin
Films for Applications in Electronically Tunable
Microwave Devices
Sebastjan Glinšek, Barbara Malič, and Marija
Kosec
Jožef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
Strong dependence of dielectric permittivity on the
applied bias electric field and relatively low
dielectric losses at microwave frequencies enables
the application of ferroelectric materials in
electronically tunable microwave devices. The
electric field dependent permittivity is commonly
described by the tunability n, defined as the ratio of
the permittivity at zero applied bias field (ε’ (0)) to
the permittivity under applied bias field (ε’ (E)).
Ferroelectric materials are most often used in their
paraelectric state to avoid additional losses arising
from domain walls motion in the ferroelectric state.
In the last twenty years, the research activities in the
field have focused on thin films technology which
enables miniaturization of microwave components
and low bias voltages. [1]
K(Ta, Nb)O3 solid solution is a promising candidate
material for these applications. Its paraelectricferroelectric transition temperature varies from 0 to
708 K, depending on the Ta / Nb ratio. According to
the scarce literature reports, the hot-pressed
KTa0.6Nb0.4O3 ceramics, with the permittivity
maximum Tm at 259 K, exhibit permittivity and
dielectric losses values of 2880 and 0.048,
respectively, measured at room temperature and 1
MHz. The tunability, measured at the field of 20 kV
/ cm, is 1.7. [2] For comparison, the well known
tunable ferroelectric Ba0.6Sr0.4TiO3, with the Tm at
272 K, exhibits the tunability of 1.8 at the same
applied field. [3]
KTa0.6Nb0.4O3, KTa0.8Nb0.4O3, and KTaO3 thin films
were prepared by chemical solution deposition.
Potassium acetate and transition metal alkoxides
were chosen as starting compounds and were
refluxed for 24 h in 2-methoxyethanol, followed by
a distillation. The 0.4 M sols were deposited on
polycrystalline alumina substrates by spin-coating.
After four deposition-heating steps the final heat
treatment was performed at 900 °C for 15 min.
Approximately 240 nm thick films crystallized in
perovskite phase.
For dielectric measurements in radio frequency
range, planar capacitors with gaps in the range
between (2 μm – 3 μm) were patterned on the top of
the
films
by
lift-off
photolithography.
Measurements in microwave frequency range were
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performed by split-post dielectric resonator
technique.
KTa0.6Nb0.4O3 thin films have relaxor-like dielectric
properties were observed, with the room
temperature value of permittivity decreasing from
2200 to 590 in the frequency range from 1 MHz to
14.5 GHz. Experimental data follow the VogelFulcher law in the whole measured frequency range.
Frequency dispersion of dielectric properties was
also observed for the KTa0.8Nb0.2O3 thin films,
however, permittivity increases from 380 to 690 in
the frequency range from 1 MHz to 14.8 GHz.
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Quasiparticle relaxation dynamics in
YBa2Cu3O7-d studied by ultrafast time-resolved
spectroscopy
L. Stojchevska, P. Kušar, T. Mertelj and D.
Mihailović
Complex Matter Department, Jozef Stefan Institute,
Jamova 39, Ljubljana, SI-1000, Ljubljana, Slovenia
We present a study of photoexcited quasiparticle
relaxation
dynamics
in
a
YBa2Cu3O7-d
superconductor by using ultrafast time-resolved
optical spectroscopy. The photoinduced reflection
was measured as a function of temperature, probe
polarization and pump fluence on a cleaved
underdoped and optimally doped YBa2Cu3O7-d
crystals.
At low pump fluence, the photoinduced reflection
signal was linear, but for higher fluence values, it
reaches saturation associated with vaporization of
the condensate. Also, polarization anisotropy of the
photoinduced reflection signal was observed below
Tc. Temperature dependance measurements of the
photoinduced reflection signal will be presented.
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Multiferroic behaviour in mixtures of magnetic
nanoparticles and the ferroelectric liquid
crystal?
B. Rožič a, M. Jagodič b, S. Gyergyek a,
M. Drofenik a, S. Kralj c, G. Lahajnar a,
Z. Jagličić b, and Z. Kutnjak a
a Jozef Stefan Institute, Jamova 39, 1001 Ljubljana,
Slovenia
b Faculty of Mathematics and Physics, University of
Ljubljana, Ljubljana, Slovenia
c Faculty of Natural Science and Mathematics,
University of Maribor, Maribor, Slovenia
A dielectric spectroscopy, magnetic susceptibility,
and high-resolution calorimetry have been carried
out in the vicinity of the ferroelectric smectic C*
phase of SCE9 ferroelectric liquid crystal mixtures
with magnetic nanoparticles. The impact of the
magnetic nanoparticles on the Goldstone and soft
mode dielectric response has been determined by
the dielectric spectroscopy measurements. The
possible indirect coupling between the magnetic
moments and the electrical polarization has been
verified by measuring the impact of the electrical
field on the magnetic susceptibility via SQUID
susceptometer measurements. The disordering
effects on the ferroelectric phase transition have
been studied by the high resolution calorimetry.
Similar disordering effects have been found as in
the case of the aerosil particles [1-2].
References:
[1] G. Cordoyiannis, G. Nounesis, V. Bobnar, S.
Kralj, and Z. Kutnjak, Phys. Rev. Lett. 94, 027801
(2005).
[2] G. Cordoyiannis, S. Kralj, G. Nounesis, S.
Žumer, and Z. Kutnjak, Phys. Rev. E 75, 021702
(2007).
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Electrically Tunable Liquid Crystal Optical
Microresonators
M. Humara, M. Ravnikb, S. Pajkc, I. Muševiča,b
a J. Stefan Institute, Jamova 39, SI-1000, Ljubljana,
Slovenia
b Faculty of Mathematics and Physics, University in
Ljubljana, Jadranska 19, SI-1000, Ljubljana,
Slovenia
c Faculty of Pharmacy, University in Ljubljana,
Aškerčeva 7, SI-1000, Ljubljana, Slovenia

Spherical LC microdroplets embedded in a
supporting polymer matrix were used as electricfield tunable optical microcavities. They were
prepared by mixing a small amount of fluorescently
labeled nematic liquid crystal E12 and
polydimethylsiloxane
(PDMS).
Single
microresonators were excited under a microscope
using an Ar+ laser. A series of well resolved peaks
were observed in the spectrum of the fluorescent
light, corresponding to whispering-gallery-mode
(WGM) resonances (1).
As with applications of PDLCs we also applied an
external AC electric field to the thin layer of PDMS
containing LC microresonators. The field changes
the internal structure of the LC droplet thus also
altering the refractive index for the light circulating
around the droplet. The change in the refractive
index resulted in large shift of WGM resonances
towards shorter wavelengths. The WGM shift is of
the order of 20 nm at 2.6 V/µm in 17 µm diameter
droplets. This value is one to two orders of
magnitude larger compared to already published
values for electrical tuning (2,3,4). More
importantly the spectral shift exceeds the free
spectral range, meaning that the resonator
frequencies can be shifted to any value. The tuning
is also almost linear with voltage and without
hysteresis.
Electrically tunable liquid crystal optical
microresonators could be used as active optical
microcomponents such as tunable laser sources,
active filters and switches.
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Manipulation of local surface electric potential of
cuprates
Martin Strojnik1, Jure Strle1, Dragan D.
Mihailović1
1

Jožef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia

Possibility of manipulating surface electric
potential on transition-metal oxide perovskites
using AFM has been discovered recently. We
made a detailed study of this phenomena using
La1.975Sr0.025CuO4+δ (LSCO) crystal.
The meta-stable changes in potential are reversible
and can be either positive or negative. It seems that
the phenomena is caused by migration of excessive
oxygen in the crystal under applied bias. It has
potential to be exploited for the new generation of
solid state data storage as also for other
nanoelectronic devices. Particularly interesting is
the possibility of manipulating superconductive
phase of these materials.

Figure: Electric potential response of the surface
after application of positive bias (1V – 9V) with the
AFM tip.
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