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WORKSHOP PROGRAM
THURSDAY, 21.10.2004
Magnetic nanoparticles
(chairman: D. Arčon)
8.25-8.30

Opening

8.30-9.00

Conductance of nanosystems (A. Ramšak, University of Ljubljana)

9.00-9.20

Neutron diffraction and ESR studies of MnO embedded into the silica nanoporous
matrices with different topology (I.V. Golosovsky, St. Petersburg Nuclear Physics
Institute)

9.20-9.40

Hybrid Manganese Perovskite Crystals for Poly(dimethylsiloxane) Nanocomposites:
Morphology, Static Magnetic Properties and Pinned Solitons (A. Lappas, IESL FORTH)

9.40-10.00

Pulse EPR Study of the local magnetic field fluctuations near surface of the
nanomagnet Mn12-acetate (B. Rakvin, Institute Ruđer Bošković)

10.00-10.20

Preparation of magnetic fluids (D. Makovec, Institute Jozef Stefan)

10.20-10.40

Sm-Fe-based magnetic thin films made by pulsed- laser deposition at 157 nm (K.
Žužek Rozman, Institute Josef Stefan)

10.40-11.00 Coffee break
C60 superconductivity and magnetism
(chairman: D. Mihailovič)

11.00-11.30

Electronic properties of fullerides (P. Rudolf, University of Groningen)

11.30-12.00

Structural and Electronic Properties of Lithium Doped Fullerides (D. Pontiroli,
Università di Parma)

12.00-12.15

Belt-like C60- Electron Spin Density Distribution in the Organic Ferromagnet TDAEC60 (D. Arčon, Josef Stefan Institute)

12.15-12.30

Phase transitions in organic molecular ferromagnet TDAE-C60 (A. Omerzu, Josef
Stefan Institute)
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12.30-13.30 Lunch time and poster session
Surface and low-dimensional systems
(chairman: C.P. Ewels)
13.30-14.00

Growth and morphology of 2D Pb/Ge(111) Films (D. Cvetko, University of
Ljubljana)

14.00-14.20

Structural Characterization of a Self-Assembled Methyl-Thiolate/Au(111) Interface
(L. Casalis, International School for Advanced Studies, Trieste)

14.20-14.40

Measurements of interparticle forces in complex liquids on nanometer scale (M.
Škarabot, Josef Stefan Institute)

14.40-15.00

Purification and positioning of Mo6S3I6 nanowires by (di)electrophoresis (Mihaela
Ploscaru, Institute Jozef Stefan)

15.00-15.20

The role of metal-organic semiconductor interfaces in electric charge transport in
oligothiophene-based thin film transistors (E. Pavlica, Nova Gorica Polytechnic)

15.20-15.40 Coffee break
Soft matter and biophysics
(chairman: A. Omerzu)
15.40-16.10

Hole Interactions with molecular vibrations on DNA (D. Mihailovič, Josef Stefan
Institute)

16.10-16.30

Production of ssDNA nanostructures in alkylthiol Self Assembled Monolayer
(Mateo Castronovo, National Institute for Matter Physics – TASC laboratory,
BASOVIZZA (TRIESTE), ITALY)

16.30-16.50

One-dimensional aggregation in solutions of disc-shape molecules (Irena Drevenšek
Olenik, University of Ljubljana)

16.50-17.10

Membrane protein conformations determined by site directed spin labelling EPR and
ghost condensation (J. Štrancar, Institute Jozef Stefan)

17.10-17.25

Potencials of Nanomaterials and Nanotechnology in the White Goods Industry
(Vasilije Vasič, Gorenje d.d.)

17.25-17.40

Slovenia and the 3rd priority of the EU 6th Framework Programme (B. Jenko,
Ministry of Education, Science and Sport, Ljubljana, Slovenija)
III
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FRIDAY, 22.10.2004
Applications
(chairman: R. Dominko)
8.30-9.00

Nanoparticles and Nanotextured materials as electrode materials for Li-batteries
(Dominique Larcher, Université de Picardie Jules Verne, Amiens, France)

9.00-9.30

Novel synthetic approaches to nanostructured mixed oxides-based thin films for
electronic applications (Silvia Gross, University of Padova)

9.30-9.50

Micro- and Nano-Mechanics of Polymers (Igor Emri, University of Ljubljana)

9.50-10.10

Nanometre Dimensions in Electrochemical Sensor: Design, Fabrication and
Performance (Bozidar Ogorevc, National Institute of Chemistry)

10.10-10.30

The effect of surface hydroxyl groups on the adsorption properties of nanocrystalline
TiO2 films (Angela Vuk Šurca, National Institute of Chemistry)

10.30-10.45 Coffee break
Synthesis and functionalisation
(chairman: A. Jesih)
10.45-11.15

Functionalized Soluble Carbon Nanotubes (M. Prato, Università di Trieste)

11.15-11.45

Chemical Functionalisation of Nanotubes and Fullerenes by fluorination (C.P.
Ewels, LPS, Université Paris Sud)

11.45-12.00

Synthesis, characterisation and physical properties of TiO2-based nanostructures (P.
Umek, Institute Jozef Stefan)

12.00-12.15

X-ray powder diffraction study of the structure of Mo-S-I nanowires (A. Meden,
University of Ljubljana)

12.15-12.30

EXAFS analysis of MoSI nanowires (A. Kodre, University of Ljubljana)

12.30-12.45

Density-Functional Theory of Mo-S-I nanowires (I. Vilfan, Institute Jozef Stefan)

12.45-13.00

Hydrothermal synthesis of Mg-silicate nanotubes (Bostjan Jancar, Josef Stefan
Institute)

13.00-13.15

Functionalisation of nanoporous silicate MCM-41 by manganese (Nataša Zabukovec
Logar, National Institute of Chemistry)

13.15-13.30

Modification of montmorillonite with liquid crystalline diols (Miro Huskić, National
Institute of Chemistry)
IV
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13.30-13.45

Nanocomposite PP fibers (K. Stakne, University of Maribor)

13.45-14.00

NaNbO3 Nanoparticles Prepared by Mechanochemical Synthesis (Tadej Rojac, Josef
Stefan Institute)

14.00-14.15

Solution Synthesis of Nano-Powders in the Multicomponent Systems (ElenaDaniela Ion, Institut Jožef Stefan)

Closing
14.30

International Consortium for Nanoscience and Nanotechnology - Meeting

POSTERS
Thermogravimetric analysis of nickel-oxide thin films: useful tool in optimisation of the
electrochromic response (Romana Cerc Korošec, Faculty for Chemistry and Chemical Technology,
Ljubljana, Slovenia)
Surfactant stabilization of nematic - Mo6S3I6 nanowires mixtures (M. Avsec, Institute Jozef Stefan)
Nanocomposite sol-gel barrier coatings for metals (Mojca Fir, National Institute of Chemistry)
Nanocomposite redox electrolyte based on tetramethoxysilane containing R’R’’Im+ I- ionic liquid
(Vasko Jovanovski, National Institute of Chemistry)
Impact of coating thickness on the electrochemical performance of LiFePO4, (R. Dominko, M. Bele,
M. Gaberscek, D. Hanzel, M. Remskar, J. Jamnik, National Institute of Chemistry)
Synthesis, Characterisation and Magnetic Properties of Cu(OH)2 Nanoribbons (P. Umek, J. W. Seo,
L. Fórró, P. Cevc, M. Škarabot, Z. Jagličič, A. Zorko, H. van Tool, L.C. Brunel, and D. Arčon,
Institute Jozef Stefan)
Synthesis, structural and adsorption properties of titania-based nanotubes (P. Umek, P. Cevc, A.
Jesih, C.P. Ewels, D. Arčon , Institute Jozef Stefan)
Impedance spectroscopy of TiO2 based nanotubes (A. Hočevar, R. Dominko, P. Umek, and D.
Arčon, , Institute Jozef Stefan)
Determination of Young’s modulus of TiO2-based nanotubes (G. Bregar, M. Škarabot, P. Umek,
and D. Arčon, , Institute Jozef Stefan)
Deuteron NMR studies of nematic nanoemulsions (A. Lebar, Institute Jozef Stefan)
Theoretical Study of fluorination of fullerenes and carbon nanotubes (C.P. Ewels, LPS, Université
Paris Sud)
Nano-scale morphology of iron-oxide pigment after oxygen-plasma treatment: EXAFS study (I.
Arčon, Nova Gorica Polytechnic)
V

SLONANO 2004 Wokshop

Ljubljana, Slovenia

Conductance of nanosystems
A. Ramšak
Faculty of Mathematics and Physics, University
of Ljubljana, Ljubljana, Slovenia
and
J. Stefan Institute, Ljubljana, Slovenia
Basic properties of conductance through an
interacting mesoscopic system attached to the
leads will be presented. The role of electronelectron and electron-phonon interaction in
such systems will be illustrated with several
examples: quantum wire, quantum dot (or
molecule) without interaction, quantum dot
with Kondo impurity, Aharonov-Bohm ring and
a quantum dot with phonon degrees of freedom.
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= 0, however at low temperature some spin
correlation was observed.
ESR and diffraction study of MnO confined
to different matrices showed that the treatment
of ESR spectra on the basis of structure
information obtained by diffraction method
gives unique information about the magnetic
behaviour of such complex systems as confined
antiferromagnets.

Neutron diffraction and ESR studies of MnO
embedded into the silica nanoporous
matrices with different topology.
I. V. Golosovsky,
St. Petersburg Nuclear Physics Institute,
188300, Gatchina, St. Petersburg, Russia
D. Arčon, Z. Jagličič, and P. Cevc
Institute "Jozef Stefan", 1000, Ljubljana,
Slovenia.
Neutron diffraction and ESR experiments
were performed with MnO confined to silica
matrices of channel-type (MCM-41 and SBA15) and in a porous vycor glass. All samples
show antiferromagnetic ordering below about
122 K. From temperature dependencies of
magnetic reflections and by profile analysis
Neel temperatures, exponents, magnetic
moment and structure parameters of confined
nanoparticles were obtained. In contrast with
the bulk, magnetic transition turned out to be of
a second order.
With the same samples the ESR experiments
were carried out. These experiments showed
different magnetic behaviour according to the
structure of the embedded nanoobjects, fractal
nanoparticles, nanoribbons or nanowires. The
fitting of ESR signal showed two Lorentz
constituents, while a signal from the bulk was
well fitted by one Lorentzian. Comparing the
ESR data with the results of x-ray diffraction it
was shown that one component corresponds to
crystallized fraction of MnO, while another one
is due to amorphous fraction.
MnO confined within a porous glass showed
a behaviour having many similarities with the
bulk. However, in contrast, a strong ESR signal
due to weakly bonded "surface" spins was
observed below TN. MnO confined to the
channels of SBA matrices shows the similar
peculiarities. In the case of the channel type
matrices the signal from amorphous fraction of
MnO dominates. The fraction of crystallized
MnO confined to the channels of MCM
matrices with nanowire-like structure is some
times smaller than in SBA matrices. Therefore
ESR signal mainly originates from amorphous
MnO with highly disordered magnetic system.
The signal linewidth shows the divergence at T
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information as a function of the lyophilicity of
the perovksite, which in turn is controlled by the
chain length of the organo-cation.
The composites show a static antiferromagnetic
behaviour with a transition temperature (TN~ 42
K) that is not strongly affected by the altered
particle morphology. The enhanced surface-tovolume ratio and associated finite size effects in
the dispersed samples is reflected in the
reduction of the effective magnetic moment. We
demonstrate that the local-scale imperfections
affect the dynamical magnetic properties and
result in a lower energy shift in the magnetic
(solitonic) excitation spectrum.

Hybrid Manganese Perovskite Crystals for
Poly(dimethylsiloxane) Nanocomposites:
Morphology, Static Magnetic Properties and
Pinned Solitons
Alexandros Lappas1,∗, Andrej Zorko2, Etienne
Wortham1, Rabindra N. Das3,
Emmanuel P. Giannelis3, Pavel Cevc2, and
Denis Arčon2,4
1

Institute of Electronic Structure & Laser,

Foundation for Research & Technology-Hellas,
Vassilika Vouton, 71110 Heraklion, Greece
2

Institute “Jožef Stefan”, Jamova 39, 1000
Ljubljana, Slovenia
3

Department of Materials Science and

Engineering, Cornell University, Ithaca, NY,
USA
4

Faculty of Mathematics and Physics,

University of Ljubljana, Jadranska 19,
1000 Ljubljana, Slovenia
Although the combination of modified clays and
polymers interacting at the atomic level
constitutes the basis for preparing an important
class
of
inorganic-organic
composite
nanostructured materials the exploitation of
other types of functional inorganic compounds
has gained some momentum only recently. For
this purpose we have initiated a study to utilize
the potential of organic-inorganic perovksites
(RnNH3)2MnCl4, of lyophilic aliphatic cations
RnNH3+ (Rn= CnH2n+1; n= 2, 9), as additives in
Poly(dimethylsiloxane).
As reduced physical size crystals may exhibit
behaviour intermediate between that of bulk
materials and molecules, in this report we
uncover possible size-dependent properties of
the perovskites, which are attained due to the
composite formation. To probe the changes we
combine electron microscopy with powder Xray diffraction and dc magnetic susceptibility
with EPR spectroscopy. Magnetic properties of
the composites are correlated with structural
∗

October 21-22, 2004

E-mail: lappas@iesl.forth.gr
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[1] D. Gatteschi and R. Sessoli, Angew. Chem.
Int. 42, 268 (2003).
[2] B. Rakvin, D. Žilić, J. M. North and N. S.
Dalal, J. Mag. Res. 165, 260, (2003).
[3] B. Rakvin, D. Žilić, N. S. Dalal, J. M.
North, P. Cevc, D. Arčon and K. Zadro,
Spectrochimica Acta Part A 60, 1241
(2004).

Pulse EPR Study of the local magnetic field
fluctuations near surface of the nanomagnet
Mn12-acetate
B. Rakvin1, D. Žilić1, J. M. North2 and N. S.
Dalal2
1

Department of Physical Chemistry, Ruđer
Bošković Institute, P. O. Box 180, Zagreb
10002, Croatia
2
Department of Chemistry and Biochemistry,
Florida State University, Tallahassee, FL
32306, USA
In the present study a pulse EPR
spectroscopy and NMP-TCNQ paramagnetic
probe has been employed for detecting local
magnetic field fluctuation at the microsecond
time scale in the vicinity of surface of single
molecular magnets, SMM. Along easy axis of
SMM one expects fluctuation of the local
magnetic field within microsecond in the
temperature region around 30K [1]. By
employing Electron spin echo detected EPR,
ED-EPR, it can be shown that beside dominant
sharp signal, previously detected by CW-EPR
[2,3], one obtains an additional broad
component of the NMP-TCNQ signal. The
broad signal component represents an
inhomogeneously
broadened
line.
The
homogeneous components of this line are
narrower than the CW-EPR line and its
linewidth, δ, can be approximated with the
measured
phase
memory
time,
TM,
(1/TM~1/T2=δ). Thus, by measuring of TM
which originates from the broad inhomogeneus
part of NMP-TCNQ spectrum, shifted due to
local field, one expects to detect the effect of
fluctuations of this field at the microsecond
time scale.
The present investigation has been
undertaken for the lateral local magnetic field
perpendicular to easy axis. This orientation is
chosen in order to better understand process
related for transverse local field which is
directly involved in the important phenomenon
of the magnetic quantum tunneling in Mn12-Ac
[1].
REFERENCES:
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The magnetic nanoparticles, coated with
the surfactant, are suspended in the carrier
liquid by ultrasonic agitation or by peptization.
For
peptization,
the
surfactant-coated
nanoparticles are “suspended” in water. During
vigorous mixing with the non-polar carrier
liquid
at
elevated
temperature,
the
hydrophobised nanoparticles concentrate in the
non-polar liquid. Different hydrocarbons, such
are decane, kerosine or cyclohexane can serve
as carrier liquids, depending on the desired
rheological properties of the magnetic fluid.
The preparation of the magnetic fluid will
be presented with special attention to the
optimization of the process of particle coating
with the surfactant. The influence of the type
and concentration of surfactant on the final
functional properties of the magnetic fluid will
be discussed.

Preparation of magnetic fluids
Darko Makovec, Aljoša Košak, and Miha
Drofenik
Jožef Stefan Institute, Ljubljana, Slovenia
Magnetic fluids (ferrofluids) represent
macroscopic uniform two-phase systems
composed of superparamagnetic nanoparticles
coated with a layer of surfactant molecules and
suspended in a carrier liquid. They have a lot of
potential for use in different fields of modern
technology: from medicine and pharmacy to
electronics and mechanics.
The preparation process for magnetic
fluids consists of three stages: (i) synthesis of
the superparamagnetic nanoparticles, (ii)
adsorption of surfactant molecules on their
surfaces and (iii) suspension of nanoparticles in
the carrier liquid.
For the preparation of magnetic fluids,
superparamagnetic nanoparticles with a particle
size of the order of 10 nm and with a narrow
size distribution are needed. Two magnetic iron
oxides, magnetite (Fe3O4) or maghemite (γFe2O3), are usually used. Commercially,
magnetiute/maghemite
nanoparticles
are
prepared using the chemical precipitation of
iron (II, III) hydroxides followed by their
oxidation. The precipitation is a very simple
method that is appropriate for industrial use;
however, it does not offer good control over the
particle size of the product. Among many novel
routes for the preparation of nanoparticles,
precipitation in a water-in-oil microemulsion
has been shown to provide excellent control
over the particle size and shape, as well as the
homogeneity and the chemical composition.
The colloidal stability of the magnetic
nanoparticles in a non-polar carrier liquid is
achieved by steric repulsion between the
particles provided by a layer of the surfactant
molecules adsorbed at the particles’ surfaces.
Aliphatic acids, such as oleic acid, could be
used as the surfactants. The amount of adsorbed
surfactant should be carefully optimized in
order to prepare a stable magnetic fluid with a
high content of magnetic particles providing
high magnetization.

Figure 1: TEM image of the maghemite
nanoparticles, prepared by precipitation in
water-in-oil microemulsions. The nanoparticles
were dispersed with the use of oleic acid.
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very low energy which can be used (20
mJ/pulse).

Sm-Fe-based magnetic thin films made by
pulsed- laser deposition at 157 nm
K. Žužek Rožman1, E. Sarantopoulou2, S.
Kobe1, P.J. McGuiness1, Z. Kollia2, Z.
Samrdžija1, G. Dražić 1, A.C. Cefalas 2
1

Jozef Stefan Institute, Jamova 39, 1001
Ljubljana, Slovenia.
2
National Hellenic Research Foundation, TPCI,
48 Vassileos Constantinou Ave. Athens 11635,
Greece.
1 µm
By applying a pulsed-laser deposition (PLD)
technique with a 157nm molecular fluorine
laser, in a novel ablative geometry,
nanocrystalline magnetic films from a solid
Sm13.7Fe86.3 target were fabricated. To the best
of our knowledge this is the first time that this
has been achieved with 30 mJ laser energy,
which is at least one order of magnitude lower
than for a 248nm KrF laser. The films were
deposited on a Ta substrate and on a silicon
wafer coated with a 100-nm layer of Ta in He
background gas and in high vacuum (10-5
mbar).

Figure 1: SEM micrograph of the surface of
the Sm-Fe thin film deposited on Ta substrate.

The magnetic properties were characterized by
using a vibrating-sample magnetometer (VSM)
and a SQUID magnetometer. The morphology
of the films and the chemical composition was
characterized by using an SEM, and a TEM
equipped with EDS and AFM.

Figure 2. The corresponding EDS spectrum
of the Sm-Fe thin film deposited on Ta
substrate.

Amorphous films were fabricated under highvacuum conditions. In contrast the films that
were deposited as nanoparticles in helium
background pressure, had a size distribution of
50 to 500 nm as shown in Fig. 1. The results of
the qualitative EDS analysis presented in Fig. 2
showed that the elemental composition of the
deposited film in comparison with the target is
retained. The quantitative EDX analysis
showed that the composition of deposited
nanoparticles was very close to the composition
of the target (Fe = 84 ± 10 at. %; Sm = 16 ± 10
at. %: ± 10 is a range of analytical error), which
is a major contribution toward magnetic film
deposition by PLD at 157 nm, because of the
6
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Ultra thin fullerene films: electronic and
vibrational properties

Electronic properties of fullerides
Petra Rudolf,
Materials Science Centre, University of
Groningen, The Netherlands

Petra Rudolf,
Materials Science Centre, University of
Groningen, The Netherlands

Over the last decade many interesting
properties of fullerenes and fullerene
compounds have been discovered: they are
excellent
electrons
acceptors,
express
superconductivity, show a remarkable nonlinear optical behaviour and have ferromagnetic
properties. Charge transfer to the carbon cage is
essential for many of these properties.

The adsorption of fullerenes on metal substrates
changes the structural and electronic properties
of the molecules and gives rise to fascinating
vibrational dynamics. In this talk I shall discuss
the charge transfer from the substrate to the
molecule and illustrate the various electronphonon
and
phonon-phonon
coupling
phenomena which result from it. Electronphonon coupling manifests itself in a strong
enhancement of the intensity of some
vibrational modes while others are totally
depressed. One also observes a weak
anharmonic coupling between an internal
vibration of the molecule and the frustrated
translation of C60 on the surface. Finally the
scattering of the conduction electrons of the
substrate from the the fullerene layer gives rise
to a broadband infrared reflectance change
which is linked to the adsorbate-induced
density of states at the Fermi level.

In this talk I would like to report on our latest
findings on the alkali fullerides AC60 and
A3C60: I shall discuss correlation and
metallicity and show how surface and bulk
electronic structure can be distinguished.
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Li and 7Li NMR measurements at room
temperature on the α-Li4C60 show a
dynamically narrowed peak, roughly centred at
the reference LiCl frequency. On the contrary,
the thermally treated phase presents a metallic
behaviour confirmed both by the presence of an
NMR Knight shift of ~ 12 ppm, as well as by a
broadening of Raman modes. This fact could
open a new scenario, since a metallic 1D
polymer is expected to show strong electron
correlations and the instabilities typical of a
Fermi liquid.

Structural and Electronic Properties of
Lithium Doped Fullerides
M. Riccò1 , T. Shiroka1, D. Pontiroli1,
M.Belli1,
2
G. Ruani , D. Palles2, S. Margadonna3,
M. Tomaselli4
1 – Dipartimento di Fisica and INFM,
Università di Parma, Parco Area delle Scienze
7/a, 43100 Parma, Italy
2 – Istituto ISMN-CNR, Via P. Gobetti 101,
40129 Bologna, Italy
3 – Department of Chemistry, University of
Cambridge, Cambridge CB2 1EW, UK
4 – Laboratory of Physical Chemistry, ETHZürich, Switzerland
We present some recent results from our
studies of low-doped lithium fullerides, of
which Li4C60 is the most representative
compound. They were investigated using both
laboratory and synchrotron x-ray diffraction,
SQUID magnetometry, NMR and Raman
spectroscopy.
Synchrotron radiation diffraction at room
temperature reveals a 2D polymeric layered
structure for the as prepared Li4C60 (α phase).
Once the structure was resolved, it turned out
that buckyballs were alternately linked together
by single and double bonds running along two
orthogonal directions (Fig. 1), a rather peculiar
feature of this class of fullerides, never
observed before in other fullerene compounds.
Parallel 13C NMR analyses substantially
confirmed this feature through the detection of
two sp3 carbon hybridisation peaks in the
spectra, fully compatible with this type of
polymerisation.
The
same
structure
characterises all the members of the LixC60
family (2 < x < 6).
During the thermal treatment of the samples,
one observes the progressive breaking of the
bonds and the gradual disappearance of the
polymeric phase, which at ~ 620 K is
completely replaced by a cubic cristalline
structure, resembling that of pure fcc C60.
Surprisingly this transition was found to be
irreversible. Indeed, upon lowering the
temperature, a new phase (β phase) is formed
and preliminary synchrotron data suggests that
it should have a 1D polymer structure.

Figure 1: Observed (O) and calculated (−)
synchrotron X-ray diffraction profile for Li4C60
at 295 K. Agreement factors of the Rietveld
refinement: Rwp = 5.12%, Rexp = 1.53%, RF2 =
3.46%). The lower solid line shows the
difference profile and the ticks mark the
reflection positions. Inset: schematic drawing of
the inter-fullerene C-C bonding in Li4C60.

Figure 2: 7Li static NMR on Li4C60 phases.
Both peaks have a dynamical nature (no
quadrupole broadening was observed).
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redistribution of the unpaired electron density
visible in the 13C NMR spectra. The Fermi
contact coupling is non-zero in view of the swave admixture into the p-type unpaired
electron spin wave function. The obtained
results allow for a quantitative determination of
the belt-like unpaired electron spin density
distribution around the elongated C60- ions,
which is responsible for the relatively high
ferromagnetic transition temperature in this
purely organic ferromagnet.

-

Belt-like C60 Electron Spin Density
Distribution in the Organic Ferromagnet
TDAE-C60
D. Arčon,a,b,* P. Jeglič,a T. Apih,a A. Omerzu,a
and R. Blinca
a

Institute Jozef Stefan, Jamova 39, 1000
Ljubljana, Slovenia

b

Faculty of Mathematics and Physics,
University of Ljubljana, Jadranska 19, 1000
Ljubljana, Slovenia

The importance of Jahn-Teller effect for the
occurrence of ferromagnetism in C60 based
materials will be discussed in light of the above
results.

Jahn-Teller effects have been proposed to play
a key role in the extraordinary electronic
properties of doped fullerenes such as high TC
superconductivity and ferromagnetism [1].
Ionic fullerenes C60- and C60+ are expected to
undergo a Jahn-Teller distortion resulting in the
deformation of the spherical C60± into a rugby
ball like form. The distortion should be
accompanied by a resulting redistribution of the
unpaired electron spin density. For symmetry
reasons the distortions may occur in a number
of different directions and the system may
move through the different distorted
configurations thus effectively restoring the
original symmetry before the distortion [2]. The
expected Jahn-Teller distortions are rather small
~0.01 Å) since the perturbation caused by the
added or subtracted electron in this huge
molecule is tiny. Direct structural observations
of these distortions and the resulting
redistribution of the electron spin densities are
therefore rather difficult.

[1] P.M. Allemand, et al., Science 253 (1991)
301.
[2] T. Kawamoto, Solid State Commun. 101
(1997), 231.
[3] R. Blinc et al., Phy. Rev. Lett. 88 (2002),
086402.

Here we wish to report on the first [3] direct
observation of a Jahn-Teller induced belt-like
redistribution of the unpaired electron spin
density on the C60- ions in any fullerene
exhibiting superconducting or ferromagnetic
(FM) transitions. The observation of this effect
in TDAE+C60- is made possible by the changes
in the Fermi contact electron-nuclear coupling
shifts of the 13C NMR lines which accompany
the Jahn-Teller distortion and act as a
magnifying glass making the minute JahnTeller
distortions
and
the
resulting
*
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Corresponding author. Tel.: + 386-1-477-3492; fax: + 386-1-426-3269; e-mail: denis.arcon@ijs.si.

9

SLONANO 2004 Wokshop

Ljubljana, Slovenia

Phase transitions in organic molecular
ferromagnet TDAE-C60
Ales Omerzu
Jozef Stefan Institute, Jamova 39, 1000
Ljubljana, Slovenia
Molecular crystal TDAE-C60, due to its
complex structure, exhibits several reversible
and irreversible phase transitions. Among them
are the ferromagnetic transition at 16 K and the
structural transition at 180 K. I will present
results of specific heat measurements on
different phases of TDAE-C60 in relation to
magnetic, resonance and X-ray diffraction
measurements. Also a new, till now unexplored
irreversible transition at 360 K will be
discussed.
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of thin 2D film formation, where the film
crystallinity is only observed for film
thicknesses exceeding the critical width of a
few monolayers.

Growth and morphology of 2D Pb/Ge(111)
Films
Dean Cvetko,

[1]
J.J. Paggel, T. Miller, T.-C. Chiang,
Science 283, 1709 (1999).
[2]
L.Gavioli et al., Phys.Rev.Lett. 82, 5381
(1999); M. Hupalo et al., Surf. Sci. 493, 526
(2001).
[3]
A. Crottini et al., Phys. Rev. Lett. 79,
1527 (1997); L. Floreano et al.,Prog. Surf. Sci.
72, 135 (2003).

Oddelek za fiziko, FMF, Ljubljana, Slovenia
Laboratorio TASC/INFM, Area science park,
Trieste, Italy
When the thickness of a thin metallic film
approaches atomic distances, the electron
quantum confinement has a major impact on the
system physical properties. The motion of the
film electrons along the reduced lengthscale
becomes quantized leading to the occurrence of
quantum well states [1]. As the film thickness
increases, new electronic states sequentially fall
below the Fermi energy level, giving rise to
oscillating physical properties (quantum size
effects, QSE), such as work function and
energetic stability of the film. Recently, the
interplay between the electronic lengthscales
and film morphologies have been put in
evidence
for
a
few
nanometric
metal/semiconductor systems, where magic
islands of uniform shape and thickness have
been reported, as well as critical thickness of
stability for homogeneous film growth [2,3].
In the present work, the growth and
morphology of thin two-dimensional Pb film on
Ge(001) and Ge(111) surfaces have been
investigated by
combined helium atom
scattering (HAS) and X-ray diffraction (XRD)
experiments performed at the ALOISA
beamline (Elettra synchrotron, Trieste). Due to
confined geometry along the growth dimension
thin Pb films of uniform thickness display
structures and morphology, where the interplay
between the electronic and the structural
lenghtscales plays a dominant role. By
exploiting the complementary sensitivity of the
HAS and XRD diffraction probes we have been
able to disentangle the structural and electronic
relaxation of the Pb(111) atomic planes. An
unusual growth morphology and oscillatory
film stability has been observed for low surface
temperatures and related to the oscillatory
charge displacement at the topmost layer
occurring for the increasing film widths.
The role of quantum confinement will be
addressed also in relation with the initial stages
11
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information about symmetries, adsorption sites
and bond lengths.

Structural Characterization of a SelfAssembled Methyl-Thiolate/Au(111)
Interface
A. Cossaro1, A. Verdini1, L. Casalis2, A.
Morgante1, R. Rousseau3, S. Scandolo4 and G.
Scoles2,3,5
1
TASC-INFM Laboratory, Trieste, Italy, 2
ELETTRA Synchrotron Radiation Laboratory,
Trieste, Italy, 3International School for
Advanced Studies, Trieste, Italy, 4International
Center for Theoretical Physics, Trieste, Italy,
5
Princeton University, Princeton, NJ
Self-assembled monolayer (SAM) of alkanethiols on Au(111) is a prototypical metalorganic junction for ubiquitous application in
nano-science. However, in spite of the intense
scientific and technological activity connected
to these systems, fundamental questions are still
open regarding the nature of the sulphur head
group-substrate interaction and the role of the
long-range inter-molecular forces on the SAM
equilibrium structures. Even the structure of the
simplest of these materials, CH3S/Au(111), is
under dispute: despite the general agreement on
the identification of the (√3x√3) R±30°
structure and the existence of a superlattice, the
location of the sulphur chemisorption site is still
debated, both experimentally and theoretically.
Here we show preliminary results of an abinitio simulation/experimental collaboration
project (ICTP-SISSA, ELETTRA-TASC),
which has the aim of definitively characterizing
the structure and properties of methylthiol SAM
on Au(111). Well defined grazing incidence Xray diffraction (GIXD) rodscans (obtained by
varying the momentum transfer component
perpendicular to the surface of some diffraction
peaks) recorded at the ALOISA beamline at
ELETTRA, were simulated using as a starting
configuration the output of a Car-Parrinello
molecular dynamic simulation carried out by
the SISSA-ICTP group. While the analysis
effort is still in progress, there are indications
for the sulfur atoms adsorbed in asymmetric
bridge sites with a pronounced vertical
“ruffling” of the underneath gold atoms, of
about 0.14 Å. Complementary photoelectron
diffraction (PED) measurements scheduled at
ALOISA will help to extract additional
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Measurements of interparticle forces in
complex liquids on nanometer scale
M. Škarabot(a) , U. Kržič(a), I. Poberaj(a,b), and
I. Muševič(a,b)
(a)

Jožef Stefan Institute, Ljubljana, Slovenia
(b)
Faculty of Mathematics and Physics,
University of Ljubljana, Slovenia.

In this contribution we present two different
new experimental techniques for measuring
interparticle forces in complex liquids. The first
experiment
is
ooptical
trapping
and
manipulation of submicron colloidal particles in
nematic liquid crystals by laser tweezers.
Whereas it is normally considered that optical
trapping of colloids is possible only if their
index of refraction is larger compared to
surroundings [1], we have shown that the
trapping is also possible in liquid crystals,
nevertheless the refractive index of colloid is
smaller than the refractive index of liquid
crystal [2]. The trapping force and the potential
have been reconstructed from the recorded time
series of the coordinates of the particle during
trapping and the force can be measured with 0.1
pN resolution on nanometer scale. In second
experiment we have measured interfacial forces
in liquid crystal with a modified version of the
atomic force microscope with piezo-resistive
cantilevers which enables us to measure forces
also in opaque fluids. This is the big
improvement in comparison to the ordinary
AFM force experiment where the bending of
the cantilever is detected optically and
measurements can be performed only in
isotropic phase, but on the other hand the
resolution of measured force is lower and it is
about 100 pN on subnanometer scale. Very
precise temperature control (±2mK) allows us
to measure the power law dependency of the
smectic correlation length.
[1]
A.
Ashkin,
Phys.Rev.Lett.
24,
156(1970).
[2]
I. Muševič et al, accepted to
Phys.Rev.Lett.
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Purification and positioning of Mo6S3I6
nanowires by (di)electrophoresis

M. Ploscaru1 , A. Merzel1, D. Vrbanic1,2, D.
Mihailovic1,D. Vengust
1

Jozef Stefan Institute, Jamova 39, Ljubljana,
Slovenia
2
Faculty of Chemistry and Chemical
Technology, Askerceva 5, Ljubljana, Slovenia

The Mo6S3I6 nanowires can be
synthesized in a single step reaction from the
elements in bulk quantities. The material is
composed of subnanometer diameter NWs with
identical diameters, weakly bound in bundles.
In addition to the usual nanotube applications,
Mo6S3I6 might be useful in some fields such as
in catalysis, as polyelectrolyte, or in tribology,
where related materials have already been
shown to have potential applications. The
combination of easy synthesis, dispersion and
purification, together with many functional
properties of the Mo-S-I family suggest
Mo6S3I6 to be one of the most promising new
nano-materials. Here we report on an
electrochemical method by which we managed
to manipulate the starting materials of Mo6S3I6
nanowires. Dielectrophoresis has been shown to
be an effective way to self-assemble MoSI
NWs onto bridging contacts. We also apply
electrophoresis in dispersions for simple and
efficient separation of nanowires from
impurities. The bundles can be dispersed in
polar solvents like ethanol or isopropyl alcohol
using ultrasound. When voltage is applied
between nickel electrodes, with the distance
near 1mm, only the nanowires move to the
positive electrode. The method can also be used
to position NWs onto single contacts.

14

October 21-22, 2004

SLONANO 2004 Wokshop

Ljubljana, Slovenia

October 21-22, 2004

more insight into the I(t) behavior we have
numerically calculated the electric field
distribution in the DH4T layer.
In the
calculations, we have treated the FET structure
as a two-dimensional structure. The solution of
the Poisson equation in the sample yields a
relatively narrow (few tens of a nanometer)
region of a high electric field.

The role of metal-organic semiconductor
interfaces in electric charge transport in
oligothiophene-based thin film transistors
E. Pavlica and G. Bratina
Laboratory for epitaxy and nanostructures,
Nova Gorica Polytechnic, Vipavska 13, SI-5001
Nova Gorica, Slovenia
Organic semiconductor-based thin film
transistor (TFT) performance parameters are
improving an accelerated rate. For example,
single-crystal pentacene-based TFT with
mobility in excess of 3 cm2/Vs have already
been reported[1]. Electric charge transport in
organic semiconductor (OS) layers is typically
studied by monitoring the current of the charge
carriers that are injected into the OS layer from
the metallic contacts. The role of metallic
contacts is difficult to separate from the effects
pertinent to the OS layer itself, although
increasing experimental evidence shows that
drain and source contacts in field-effect
transistor (FET) version of TFT exhibit
substantial contact resistances.
In an attempt to separate the effects of the
metallic contacts from the transport of the
charge carriers along the organic layer we have
employed a variant of a time-of–flight
measurements of the photoinduced charge
carrier current in organic FET’s. The samples
comprised of thin (up to four molecular layers)
dihexyilquaterthiophene (DH4T) deposited onto
a
octadecyltrichlorosilane-treated
SiO2
substrates. The FET channel length was 1 µm.
The charge carriers were created by 460 nm
laser pulses of duration of 3 ns. The gate
contact was disconnected during the
experiment. The source electrode was grounded
and the drain electrode was connected to a
variable voltage source. The photoinduced
charge carrier current was measured as a
voltage drop by a fast digital oscilloscope (see
Fig. 1).
A typical time dependence of the
photoinduced charge carrier currents
is
illustrated in Fig. 2. Different symbols
correspond to different drain-source bias values
and polarities. The observed time dependence is
consistent with the existence of inhomogeneous
electric field inside the channel. In order to gain

Figure 1: Experimental setup for the
transient photoresponse measurements.

Figure 2: Time dependence of the
photogenerated carrier current measured on the
organic thin film transistor comprising a 1 µm
long DH4T channel. The individual curves
correspond to different values of the sourcedrain voltage. The gate contact was not
connected during measurements.
[1] Hagen Klauk, Marcus Halik, Ute
Zschieschang, Gunter Schmid, Wolfgang
Radlik, and Werner Weber, Journal of Applied
Physics 92 (9), 5259 (2002); C. D. Sheraw, L.
Zhou, J. R. Huang, D. J. Gundlach, T. N.
Jackson, M. G. Kane, I. G. Hill, M. S.
Hammond, J. Campi, B. K. Greening et al.,
Applied Physics Letters 80 (6), 1088 (2002).
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Hole Interactions with molecular vibrations
on DNA
Dragan Mihailovic, Ales Omerzu, Tomaz
Mertelj, Tomaz Mertelj, Matjas Licer, Tomaz
Pozar
Jozef Stefan Institute, Ljubljana, Slovenia
Contact e-mail: dragan.mihailovic@ijs.si
Determining the microscopic details of how
electron and hole radicals interact on DNA is
important not only for understanding the
fundamental interactions on the molecule and
its electronic properties as a molecular building
block, but also for understanding in more detail
the processes involved in DNA’s life cycle. I
will report on a new microscopic study of the
interactions of holes on DNA by photoinduced
infrared spectroscopy. From detailed and
systematic analyses on dry DNA, we have
found that photoexcited (PE) holes form
metastable states with unexpectedly long roomtemperature lifetimes. At the same time, the
coupling to molecular vibrations is found to be
relatively weak. The conclusion from these
experiments is that at room temperature DNA is
best understood in terms of a quasi 1-D chain
with pseudo-random traps causing Anderson
localisation., while polaronic effects appear to
be important only at low temperatures.
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(friction) as a probe
compactness and order.

Production of ssDNA nanostructures in
alkylthiol Self Assembled Monolayer
Castronovo M.a,b, Scaini D.b,c, Lazzarino M.a,
Casalis L.c, Scoles G.c,d,e
a

National Institute for Matter Physics – TASC
laboratory, S.S. 4 Km 163.5, BASOVIZZA
(TRIESTE), ITALY
b

c

University of Trieste, Piazzale Europa 1, I34127 TRIESTE, ITALY

ELETTRA, Sincrotrone Trieste S.C.p.A., S.S. 4
Km 163.5, BASOVIZZA (TRIESTE), ITALY
d

Scuola Internazionale Superiore di Studi
Avanzati (SISSA), Via Beirut 2-4, 34014
TRIESTE, ITALY

e

Princeton University, Chemistry Department,
PRINCETON, NJ 08540, USA

Nanografting is an atomic force microscopy
(AFM)-based lithographic technique that is
becoming a key tool to increase the efficiency
of DNA chips and reduce the amount of DNA
needed to perform an analysis. Applying a
relatively high force the ultrasharp tips of the
AFM displace molecules from an alkylthiol
SAM (Self Assembled Monolayer), previously
formed on an ultraflat gold-on-mica layer
through the chemisorption of the sulfur
headgroup. At the same time, different thiolated
molecules are adsorbed on the exposed gold
area. Gold layer quality, SAM film ordering,
tip-sample interaction and solvent used are
crucial parameters toward the efficiency of the
technique. We have achieved homogeneously
patterned squared nanostrutures of C18 in C10
SAM as small as 70nm and also some
preliminary results in nanografting of ssDNA
patches. Due to partial self-hybridization, the
ssOligonucleotides we are using spontaneously
loop in water, while the hybridization reaction
of the part that does not self-hybridize, should
completely change the shape of the chain
toward a cylindrical (vertical) secondary
structure. Our progress in this area will be
reported together with the results of other
similar experiments that use lateral deflection
17
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of various guanosine derivatives. Both
materials are lyomesomorphic and exhibit
transition to the cholesteric liquid crystal phase
at concentrations around 10 wt% at room
temperature.
The measurements performed in the
vicinity of the isotropic-cholesteric phase
transition, i.e. in the region of the so-called
isotropic columnar phase, reveal a presence of
three dynamic modes. The two of them show
very similar properties in both systems and are
associated with the formation of a gel-like
structure of columnar aggregates. The third
dynamic mode, which is related to translational
diffusion of the aggregates, on the contrary,
exhibits very different behaviour in the two
systems. We associate this difference with the
effects of electrostatic interactions, which are
strongly dominant in the aqueous solutions.

ONE-DIMENSIONAL AGGREGATION IN
SOLUTIONS OF DISC-SHAPE
MOLECULES
Irena DREVENŠEK OLENIK1,2,
Lea SPINDLER2,3, Martin ČOPIČ1,2
1

Faculty of Mathematics and Physics,
University of Ljubljana, Jadranska 19, SI-1000
Ljubljana, Slovenia
2
J. Stefan Institute, Jamova 39, SI-1000
Ljubljana, Slovenia
3
Faculty of Mechanical Engineering,
University of Maribor, Smetanova 17, SI-2000,
Maribor, Slovenia
If properly designed, the disc-shape
molecules in solution have a tendency to
linearly
self-assemble
into
columnar
aggregates, which grow in their size by
increasing concentration and/or decreasing
temperature. The resultant one-dimensional
nanostructures exhibit strongly anisotropic
electronic transport properties, which make
them interesting for applications in various
kinds of opto-electronic devices. Linear selfassociation is important also in biological
systems and underlines the formation of wide
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40

Concentration (wt%)
variety of complex biological structures.
Figure 1: Typical phase diagram of discshape molecules in solution (the data are given
for ammonium 2'-deoxyguanosine 5'-monophosphate).
We used dynamic light scattering (DLS)
to study the formation of one-dimensional
aggregates in solutions of a triphenylene
derivative in dodecane and in aqueous solutions
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Membrane protein conformation determined
by site directed spin labelling EPR and ghost
condensation
J. Štrancar
J. Stefan Institute, Jamova 39, SI-1000
Ljubljana, Slovenia
Abstract:
Following the widely spread EPR spin-label
applications for biosystem characterization, a
novel approach will be presented for EPRbased characterization of biosystem complexity
with special focus on low-resolution structural
characterization of membrane proteins and
peptides. The method is based on multiple
hybrid evolutionary optimization (HEO) runs
and a novel so-called GHOST condensation
method for reduction of the enormous volume
of information and automatic detection of the
degree of system complexity through the
construction of two-dimensional solution
distributions. In the case of membrane proteins
the resolved complexity actually involves
different protein conformations that the proteins
can pertain after site-specific mutagenesis and
reconstitution in lipid model membranes. The
GHOST method with application of
2filtering, density filtering, density slicing,
special RGB-color presentation and solution
condensation
algorithm,
helps
us
to
quantitatively characterize the groups of
solutions, i.e. determine average spectral
parameters and group contributions, without the
need to define the complexity in advance. That
enables us to detect various conformations and
non-specific labeling at various sites that cannot
be
excluded
by
normal
site-specific
mutagenesis experiments. The application of
GHOST condensation algorithm (demonstrated
on synthetic examples of different complexity)
will be focused on the study of the lowresolution structure of membrane proteins, like
major coat viral protein M13 spin labeled at 27
mutation sites and reconstituted in 2 lipid
bilayers of substantially different thickness
(acyl chain length). The advantages and
limitations will also be discussed.
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Potencials of Nanomaterials and
Nanotechnology in the White Goods
Industry
Vasilije Vasić1 and Polona Umek2
1

Inovacion Center, Gorenje d.d., Partizanska
12, SI-3503 Velenje
vaso.vasic@gorenje.si

2

Condensed Matter Physics-F5, Institute Jožef
Stefan, Jamova 39, SI-1000 Ljubljana
polona.umek@ijs.si

Nanostructured materials have received steadily
growing interests because of their peculiar and
fascinating properties, and applications superior
to their bulk counterparts [1]. As a result of
theirs useful properties and faster development
as well, are nanomaterials becoming more and
more present in ours every day lives. The
purpose of this presentation is to show
exemplary applications of nanomaterials in the
industry of white goods. Also an analyze of the
potential use of nanomaterials for some ''white
good'' products, like washing machines, drying
machines, etc. will be presented. Since is the
materials usage in the white goods industry
strongly connected to polymers and polymer
technology the role of composites will also be
discussed.
[1] Handbook of Nanostructured Materials and
Nanotechnology (Ed: H. S. Nalwa), Academic
Press, New York 2000.
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Slovenia and the 3rd priority of the EU 6th
Framework Programme
dr. Bojan Jenko
Ministry of Education, Science and Sport,
Ljubljana, Slovenija

3rd priority of the 6th Framework Programme
represents Nanotechnologies and nanosciences,
knowledge-based functional materials, new
production processes and devices (NanoMatPro
or NMP). Slovenia was very successful in the
FP5. Preliminary information shows a success
in the FP6. New calls for proposals with new
topics are foreseen for November based on the
updated Work Programme. The basis of the
new FP7 is in preparation.
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materials, mainly in term of reversible loss
(V2O5).

Nanoparticles and Nanotextured
materials as electrode materials for Libatteries

All the results we herein present are
aimed at demonstrating that the search for new
materials and improved performances should
definitively move towards these nano-sized or
nano-textured materials/composites. Also, the
nature of these materials itself automatically
implies that their use, their study and their
successful optimization do require a high level
of interdisciplinary research and cross-shared
scientific knowledges.

Dominique Larcher
Laboratoire de Réactivité et Chimie des Solides
and CNRS UMR 6007
33, rue Saint Leu, 80039 Amiens Cedex, France
Based on the high performances of the
Li-ion batteries technology, considerable efforts
have been devoted for the last decades to the
optimization of electrode materials in terms of
voltage, capacity, reversibility and rate
capability. Although the use of massive
particles (i.e. low contact surface with the
electrolyte) was considered as mandatory for
high cell performance and long cycling life, the
use of nanometric materials particles for such
electrochemical applications was recently
boosted by several findings demonstrating the
unexpected reactivity of extremely small
particles or composites materials.
For
instance,
the
reversible
transformation of 3d-metals oxides, sulfides,
nitrides or fluorides (MyX) into metal (M°) was
observed for first-row when dealing with nanocomposites phases as formed during the first
cell discharge :
MyX + Li

October 21-22, 2004

' yM° + LiX

The intimate mechanism of these
reactions of conversion is still the subject of
controversies. Indeed, it can be seen either as a
complete reorganization of the reactive
particles, or as a displacement process within a
stable framework acting as a cationic exchange
host network. The study of some specific
compounds now allows us to provide new
insights on this issue.
Also, a downsizing of the particles can
result in a modification of the reaction paths
themselves that can be switched from biphasic
to monophasic and thus resulting enhanced
reversibility (TiO2, α-Fe2O3) towards metallic
lithium. The ex-situ formation of nanostructured materials was in some cases found to
result in improved performances compared
those of in-situ induced formation within bulk
22
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investigate the chemical composition of the thin

Novel synthetic approaches to
nanostructured mixed oxides-based thin
films for electronic applications

films (quantitative analysis, oxidation states,
nature of the interaction between host matrix

Silvia Gross

and host species) on the surface as well along
the film thickness. The depthwise distribution

Istituto di Scienze e Tecnologie MolecolariCNR-ISTM, University of Padova,
I-35131, via Marzolo 1, Padova-Italy

of the involved species was thoroughly
investigated by means of Secondary Ion Mass

The

rapid

scaling-down

complementary

metal–oxide

of

standard

Spectrometry (SIMS). Information concerning

semiconductor

the lateral distribution of the species was gained

(CMOS) devices requires the development of

also by Laser Ablation Inductively Coupled

alternative gate dielectrics to replace silica-

Plasma Mass Spectrometry (LA-ICP-MS). The

based technology [1]. Up to now, SiO2 has been

formation of hafnia and zirconia crystalline

almost exclusively used on chip as dielectric

nanoclusters having a size of 5-10 was

interlayer according to good loss factor, thermal

suggested

stability and easy (but expensive) physical

advances

X-ray

Finally, the dielectric response of two hafnium-

systems would require high-κ dielectrics as gate
future

Incidence

Transmission Electron Microscopy (TEM).

components and the need of more reliable gate
for

Grazing

Diffraction (GI-XRD) and demonstrated by

processing. However, the decreasing size of the

materials

by

based samples was characterized through broad

in

band dielectric spectroscopy, which provided a

microelectronics. In this study, we developed a

value of ε’(ω) ranging from 7.5 to 9.5 for a film

bottom-up approach to prepare nanostructured

without the cluster and from 7.2-7.4

inorganic-organic hybrid thin films which, upon

sample embedding the hafnium cluster these

calcination, yield the corresponding oxides

values range in the interval 7.2-7.4. The

homogeneously dispersed in a silica network.

information obtained by the different analytical

The surface and depthwise composition of
hafnium-

and

zirconium-based

in a

methods demonstrated the formation of a

inorganic-

homogeneous in-depth nanocomposition of the

organic hybrid layers, as well as of binary

thin films, which would be suitable for frontier

HfO2-SiO2 and ZrO2-SiO2 thin films, obtained

applications.

by calcination at high temperature (T = 800 °C)
of the hybrid films, were analysed by using

[1] Special Issue, Microlectronic Engineering
59 (2001) and references therein

different analytical methods which can deliver
complementary

information

on

chemical

composition and both in-depth and lateral
distribution of the species. In particular, X-Ray
Photoelectron Spectroscopy (XPS) was used to
23
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thermodynamics. In the literature the process of
time-dependent changing of physical properties,
in transition from the equilibrium state above
the glass transition towards the equilibrium
state in the vicinity or below the glass
transition, is known as physical aging. The
intermediate states of this process, which may
be considered as semi-stable within a selected
time interval, are path dependent.

Micro- and Nano-Mechanics of Polymers
I. Emri1, and B.S. von Bernstorff2
1

Center for Experimental Mechanics,
University of Ljubljana, Slovenia
2
BASF, Ludwigshafen, Germany

It is well known that modifying the boundary
conditions to which material has been exposed
during the solidification, i.e., in transition from
the molten to solid state, may lead to
completely different macroscopic properties.
Good examples are fibers and cast products
made from the same material, e.g., PA. Material
in the two products exhibits orders of
magnitude different properties.

Much less is known about the effect of thermomechanical boundary conditions on the
structure
formation
of
semi-crystalline
polymers, such as PA and/or PE. In this case
the material equilibrium state at P ( t → ∞ ) , and
T ( t → ∞ ) < Tg , is path dependent, i.e., different
thermo-mechanical boundary conditions during
the solidification process may lead to
significantly different physical properties at
P ( t → ∞ ) , and T ( t → ∞ ) < Tg . Thus, linear

Macroscopic behavior of polymeric materials in
solid state are determined by their inherent
molecular structure, and thermo-hygromechanical boundary conditions to which
materials have been exposed during the process
of solidification, i.e., in transition from the
molten to the solid state. In the process of
material solidification molecular interactions
take place on different time-space-scales, which
are determined with the inherent potentials,
molecular kinetics (kinetic energy, and mass of
molecules), and the time-scale of boundary
conditions. The latter affect the process of
structure formation and may lead to different
semi-equilibrium solid-states that exhibit orders
of magnitude different physical properties.
Thus, solidification and structure formation of
polymers is a highly non-linear process
exhibiting characteristics of complex (in some
cases even chaotic) systems. The effect of
thermo-mechanical boundary conditions (in
particular the effect of temperature and
pressure) on structural organization of
amorphous materials is relatively well
understood. In this case the material initial
state, at P ( t = 0 ) << Pg , and T ( t = 0 ) >> Tg and
the

end

state,

at

P (t → ∞ ) ,

October 21-22, 2004

correlation of these properties with physical
quantities measured in the molten state, e.g.,
viscosity measurements, is not allowed! Such
correlations do not take into account the nonlinear multi-scale interactions between the
boundary conditions and the inherent molecular
rearrangements (structure formation), and could
lead to wrong conclusions. Typical example of
such complex multi-scale processes is the
spinning of PA fibers, where the variation of
thermo-mechanical boundary conditions take
place at about same time-scale as the structural
rearrangements of molecules. The higher order
structure of fibers results from the interaction of
the two processes.
In this paper we show that the super structure
essentially consist of interlinked elasto-viscoplastically deformed long (amorphous) chains
that are merged with the plastically deformed
crystalline phase. The strength of this links
depends on the temperature at which they have
been formed. The super-structure has
essentially the same density as the amorphous
phase. When such structure is exposed to a
quantum of energy, induced as a heat or with a
laser source, the structure may be modified
causing a predictable (intelligent) response.

and

T ( t → ∞ ) < Tg , are pressure and temperature

dependent only, i.e., the two equilibrium states
are path independent. Thus, the equilibrium
properties of the amorphous polymers may be
modeled and predicted using the equilibrium
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[2] J.-W. Mo, B. Ogorevc, Anal. Chem., 73
(2001) 1996.
[3] X. Zhang, W. Zhang, X. Zhou, B. Ogorevc,
Anal. Chem. 68 (1996) 3338.
[4] X. Zhang, B. Ogorevc, J. Wang, Anal.
Chim. Acta, 452 (2002) 1.
[5] J. Wang, S.B. Hočevar, B. Ogorevc,
Electrochem. Comm. 6 (2004) 176.

Nanometre Dimensions in Electrochemical
Sensor
Design, Fabrication and Performance
Božidar Ogorevc and Samo B. Hočevar
Analytical Chemistry Laboratory, National
Institute of Chemistry, Hajdrihova 19,
1000 Ljubljana, Slovenia
Electrodes and electrochemical sensors
(including bio-sensors) of micro- and nanometre
dimensions
have
been
given
tremendously increasing attention during the
past two decades for several notable reasons:
they exhibit superior electrochemical behaviour
compared to conventional-size electrodes [1,2],
they allow extreme microlocation [3] and
microvolume [4] measurements, and facilitate
miniaturization of detection devices. These
characteristics are all of immense importance in
bio-medical, environmental and industrial
research and/or control processes. In addition,
recent developments in sensors based on
nanoparticle-modified electrodes have opened
new frontiers in detection capabilities [5]. It is
therefore assumed that the increasing access to
micro- and nano-technologies needed in
ultramicroelectrode fabrication and sensor
preparation, will result in their introduction to a
growing number of laboratories all over the
world.
In this contribution, after a short introduction to
ultramicroelectrode
characteristics
and
advantages, selected examples of carbon fibre
and carbon paste based single ultramicro- and
nano-electrode fabrication are presented,
together with evidence of their behaviour,
performance and use, including in-vivo single
cell measurements. Some new electrode
modification principles and routes, in order to
increase sensitivity and/or selectivity of the
ultramicro-sensors, are discussed and illustrated
with selected examples, including simultaneous
in-vivo measurements of dopamine and
ascorbate, pH nanoelectrode, ascorbic acid
measurements in gastric juice etc.
[1] X. Zhang, B. Ogorevc, Anal. Chem., 70
(1998) 1646.
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modes suggested the presence of rutile beside
the prevailing anatase phase what we confirmed
also from the XRD spectra of films. IR
transmission spectra were also used to study the
adsorption of ruthenium bipyridil dye on TiO2.
The efficiency of the TiO2 films was
demonstrated through the performance of dyesensitised photoelectrochemical (DSPEC) and
hybrid electrochromic (HEC) cells employing
the liquid electrolyte based on ionic liquids with
added I2. The importance of the surface
hydroxyls obtained for TiO2/surfactant films
was demonstrated also with the recording of the
degradation of stearic acid under the UV
illumination. Comments regarding the influence
of the surface hydroxyls for achieving
superhydrophylicity of the films are also
addressed.

The effect of surface hydroxyl groups on the
adsorption properties of nanocrystalline
TiO2 films
Robi Ješe, Angela Šurca Vuk,
Urška Lavrenčič Štangar, Boris Orel*,1,
Goran Dražič2, Igor Muševič2
1

National Institute of Chemistry,
Hajdrihova 19, SI-1000 Ljubljana
2
Jožef Stefan Institute,
Jamova 39, SI-1000 Ljubljana
TiO2 is ubiquitous material for the development
of various iono- and electro-optic devices such
as Grätzel cells, hybrid electrochromic cells and
recently gained importance as a material
exhibiting self-cleaning effect due to the
superhydrophilic properties. Large innersurface area of the nanocrystalline TiO2 and the
presence of surface hydroxyls both influence its
ability to adsorb photosensitive dyes
(derivatives of ruthenium bipyridyl complexes),
redox chromophores (viologens) and water
when superhydrophilicity is concerned. In this
study we report about the development of TiO2
sol-gel films having large inner surface, ability
to attach dyes and viologens, superhydrophilic
properties and catalytic activity to degrade
stearic acid.
The use of surfactant (Brij 56) was found
advantageous for attaining nanocrystallinity of
TiO2. Thickness of the single dipped film was
enhanced to 150 nm vs. 80 nm (pure TiO2)
when surfactant was used. Contact AFM
measurements revealed certain differences in
the surface morphology; smaller grain size (1015 nm) of TiO2/surfactant films but the surface
roughness of both films was similar (0.6 - 1.3
nm). AFM measurements performed in force
spectroscopy mode showed the enhancement of
adhesion of the hydrophilic Si3N4 tip indicating
the presence of a water layer (30 - 70 nm)
covering the surface of the grains. These results
were correlated with the IR transmission
spectra of freshly deposited films aged in dark
showing pronounced surface hydroxyl modes at
3690, 3970, 3630 cm-1). Hydroxyl modes were
very weak in spectra of TiO2 made without
surfactant. Frequencies of surface hydroxyl
*

October 21-22, 2004

Figure 1: AFM measurement of a TiO2/brij
film.

TiO2/brij
Figure 2: TEM measurement of a TiO2/brij
film.

corresponding author
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science and technology. Also in medicinal
chemistry carbon nanotubes are set to play an
important role. Their use as drug delivery
scaffolds and substrates for vaccines has been
already demonstrated.

Functionalized Soluble Carbon Nanotubes
Maurizio Prato
Dipartimento di Scienze Farmaceutiche,
Università di Trieste, Piazzale Europa, 1,
34127 Trieste, Italy

Fe

Fe

In the bottom-up approach to molecular
nanotechnology, fabrication and manipulation
takes advantage of innovative materials, which
possess novel properties and intriguing
potential. Carbon Nanotubes (CNT), effectively
long, thin cylinders of graphite, seem to be the
ultimate and ideal building blocks in
nanotechnology. Extraordinary properties have
been attributed to CNT, so that a wide variety
of different technological applications are being
investigated, ranging from wiring in integrated
circuits and nanoscale components to composite
materials
with
improved
functional
characteristics. Even fantastic scenarios such as
space elevators and bullet-proof vests made of
CNT have been raised, showing the strong
promise that these materials hold, due to their
unique mechanical strength.
Advances in production processes have
resulted in obtaining CNT with high structural
perfection: relatively large amounts can now be
produced of either single-walled carbon
nanotubes (SWNT), consisting of a single
graphite sheet seamlessly wrapped into a
cylindrical tube with diameters ranging 0.4 nm
– 3 nm, or multi-walled carbon nanotubes
(MWNTs) which comprise an array of
concentric cylinders with diameter of 1.4 nm –
100 nm. However, high molecular weights and
strong intertube forces keep CNT together in
bundles,
making
their
manipulation,
characterization and analytical investigations
very difficult. The organic functionalization
offers the great advantage of producing soluble
and easy-to-handle CNT. As a consequence,
compatibility of CNT with other materials, such
as polymers, is expected to improve. In
addition, once properly functionalized, CNT
become soluble in many solvents, so that their
solution properties can be studied. In many
cases, the new derivatives retain the main
properties of the original carbon form, and
many functionalized carbon nanotubes may find
useful applications in the field of materials
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Within this contribution, we will review our
most recent achievements in the field of
synthesis and applications of carbon nanotubes.
References
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200-250˚C transition in behaviour associated
with specific changes in surface diffusion
behaviour6.
The role of HF gas in catalysing fluorination is
explained through the formation of HF2- surface
species, and the effect of solvation on
fluorination behaviour is discussed.
Transition from low to high fluorine coverage is
explored, with high coverage C2F shown to
adopt a banded structure with axial rows of
fluorine. This is consistent with the STM
observations of circumferential bands, since our
calculations show that the axial C2F structure
will grow through contiguous expansion of the
axial bands7.

Chemical Functionalisation of Nanotubes
and Fullerenes by fluorination
Chris Ewels
LPS, Université Paris Sud, Bldg 510, 91405
Orsay, France
Gregory Van Lier, Jean-Christophe Charlier
P.C.P.M., Université catholique de Louvain
(UCL), Place Croix du Sud, 1 (Boltzmann),
1348 Louvain-la-Neuve, Belgium
P. Geerlings, M. Cases
ALGC, Vrije Universiteit Brussel, Pleinlaan 2,
B-1050, Brussels, Belgium
Roger Taylor
Department of Chemistry, University of Sussex,
Brighton, UK

C2F fluorinated
carbon nanotube,
showing bonding
in axial rows.

Chemical functionalisation of nanotubes is
important in the development of novel
materials, notably to improve nanotube
solubility
and
purification
techniques.
Functionalisation also provides a route to
improved matrix-nanotube bonding in nanotube
composites.
Fluorination of carbon nanotubes enables
solubilisation of nanotubes1 and can be used as
a starting point for further chemical
modification1. The influence of fluorination on
mechanical2 and electrochemical3 properties
has also been investigated.
Fluorination can be achieved with both
elemental fluorine or F2 gas with coverage up to
C2F. Scanning tunneling microscopy (STM)
images of fluorinated nanotubes show a
dramatic banded structure, attributed to fluorine
adding over broad continuous regions4.
A marked change in fluorination behaviour is
seen between 200 and 250˚C, with an increase
in bulk sample resistance, and changes in
observed FTIR5. XPS identifies different forms
of bonded F including semi-ionic and covalent.
We study F addition to graphene and carbon
nanotube surfaces using a range of
computational techniques, including density
functional calculations and Hartree-Fock/AM1.
Notably the key bonding types (ionic, semiionic and covalent) are identified and
characterised. Migration barriers and processes
for F on tube surfaces are determined, and the

If time permits, I will also discuss the addition
routes of fluorine on C60 (if not I will put it on a
poster!). We have developed a new program
that allows rapid investigation of large numbers
of isomers. Using this we have identified a
number of fluorination routes from C60F to
C60F48 (and beyond), which both successfully
predict the structures of the various stable
isomers isolated to date, as well as identifying
some new structures that we predict may be
possible to isolate8.
References
1. E. Mickelson, et al, J. Phys. Chem. B
1999, 103, 4318.
2. K. Kudin, G. Scuseria, Phys. Rev. B
2001, 64, 235406.
3. H. Peng, Z. Gu, Z. et al, Nano Lett.
2001, 1, 625.
4. K. Kelly, et al J. Chem. Phys. Lett.
1999, 313, 445.
5. Lee et al GET REF
6. C. P. Ewels, G. Van Lier, J. -C.
Charlier, P. R. Briddon, in preparation
(2004).
7. G. Van Lier, C. P. Ewels, F. Zuliani, A.
De Vita, J.-C. Charlier submitted to J.
Phys. Chem B (2004).
8. G. Van Lier, M. Cases, C. P. Ewels, R.
Taylor, P. Geerlings, submitted to J.
Organic Chem (2004).
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was characterized with microscopy techniques
TEM and AFM. Figure 1 is a TEM image at
135 ºC TiO2 based nanotubes. From the TEM
image is evident that both, open and closed end
nanotubes were obtained. Titania based
nanotubes prepared in our process have a
diameter between 10-20 nm and in length can
reach up to 500 nm.

Synthesis, characterisation and physical
properties of TiO2-based nanostructures
Polona Umek1, Pavel Cevc1, Adolf Jesih1,
Chirs Ewels2, Gregor Bregar1, Ana Hočevar1,
Robert Dominko3, Zvonko Jagličič4, Boštjan
Jančar1, Miran Gaberšček3, Christian Colliex2
and Denis Arčon1,5
1

October 21-22, 2004

J. Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
2
LPS, Uni Paris Sud, Orsay, France
3
National Institute of Chemistry Slovenia,
Hajdrihova 19, SI-1000 Ljubljana, Slovenia
4
Institute of Mathematics and Physics,
Jadranska 19, SI-Ljubljana, Slovenia
5
Facuty for Mathematics and Physics,
Jaddranska 19, SI-1000 Ljubljana, Slovenia
E-mail: polona.umek@ijs.si
http://titan.ijs.si/Pulsed_ESR/default.htm

FIGURE 1. TEM image of TiO2 based
nanotubes syntheised at 135 ºC. The estimated
diameter of tubular nanostructures is found to
be between 10 to 20 nm.

Nanostructured materials have received a lot of
attention because of their novel properties,
which differ from those of the bulk materials.
One-dimensional materials are an important
category of nanostructured materials and have
been widely researched yielding various special
structures like nanotubes, nanorods, nanobelts
and nanowires [1]. The materials in the
nanotube form can be prepared from carbon,
MoO3, Al2O3, MoS2, WS3, ZrO2 and NB, of
which titania (TiO2), is one of the most
extensively researched materials.
Titania as a semiconductor, shows high
photocatalitic activity and it is widely used as a
catalyst and carrier of catalyst [2]. In addition,
titania finds applications in the fields of
sensors, new type of solar cells, electrochromic
devices, and antifogging and self-cleaning
devices. The performance of titania in various
applications depends on its dimensions,
morphology and crystalline phase state. In
recent years the materials has also been
extensively studied as photocatalyst to deal
with pollution, water purification, wastewater
treatment, hazardous waste control, and air
purification.
Titania based nanostructures were prepared
hydrothermally at 135 and 195 ºC via reaction
of anatase TiO2 powder with a NaOH solution
[3]. Morphology of so synthesized materials

The specific surface area was studied by the
BET technique. The specific surface area of
TiO2 based nanotubes increased by a factor of
thirteen in comparison to anatase TiO2 powder.
In particular in the sample that has been used in
our EPR studies the specific surface area was
around 130 m2/g. A strong adsorption of NO2
gas on the surface of TiO2 nanotubes was
observed with EPR. A comparison with BET
analysis shows that a NO2 monolayer is formed
on the walls of TiO2-based nanotubes. The EPR
powder lineshape demonstrates that the
adsorbed molecules are nearly static on the EPR
lineshape timescale at very low temperatures.
At higher temperatures thermally activated
molecular reorientations determine the spinlattice relaxation time T1.
In addition magnetic properties of these two
materials were studied with SQUID
magnetometer.
References:
[1] M. Graetzel M., Nature 353 (1991)736.
[2] R. Wang, K. Hashimoto, A. Fujishima,
Nature 388 (1997) 431.
[3] Q. Chen, W. Zhou, G. Du, and L. M. Peng,
Adv. Mater. 14 (2002) 1208.
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successful (Fig 1). For iodine atoms the
coordination with Mo neighbors is dominant.
The data for the Mo-I bond are thus obtained
from both EXAFS signals, in perfect
agreement.
The results are highly consistent with a
proposed model of an octahedron of Mo atoms,
surrounded by a halo of S and I atoms. The
agreement with the nanowire model of coupled
octahedra, derived from the XRD data, is very
good if only the neighbors within the wire are
counted, and side interactions between adjacent
strands are neglected. This may indicate that the
lateral bonds are not as well defined as those
within the strand, so that their contribution to
the signal averages out.
In EXAFS, inter-atom distances are
measured directly and the periodicity of the
structure, i.e. the unit cell dimensions are
inferred from them, complementary to the XRD
where the reverse is true. Our data provide no
information on the lateral periodicity. A good
estimate, however, can be obtained for the
longitudinal period (c-axis) of the structure
after the bonding of Mo octahedra, either with S
or I atoms, is established.

EXAFS analysis of MoSI nanowires
A. Kodre 1,2, J. Padežnik Gomilšek3, I. Arčon4,2
1

Faculty of Mathematics and Physics,
University of Ljubljana
2
J. Stefan Institute, Ljubljana
3
Faculty of Mech. Engineering, University of
Maribor
4
Nova Gorica Polytechnic
EXAFS signal is the oscillatory part of the xray absorption coefficient within ~ 1 keV of the
absorption edge on the high-energy side. The
oscillations are a record of the interference of
the photoelectron wave scattered on the closest
neighbor atoms. Thus, the signal reflects the
short-range ordering of atoms, caused by steric
and coordination effects, rather than the longrange periodicity of the crystal structure
observed in XRD. By an ab initio reverse
analysis the signal can be transformed into data
on neighbor atoms: their chemical species,
radial distance, and its spread.
Samples of MoSI nanowires with different
nominal stoichiometries were prepared for
EXAFS analysis as thin layers on adhesive
tape. K edge EXAFS spectra of molybdenum
(19.999 keV) and iodine (33.169 keV) were
recorded at the Hasylab X1.1 beamline of the
DORIS ring, DESY Hamburg. The beamline is
equipped with a Si 311 double crystal
monochromator with resolution of 3 eV and 6
eV at respective K edges. Three samples with
nominal stoichiometries Mo6S3I6, Mo6S4.5I4.5
and Mo6S4I5 provided EXAFS signal of high
quality, remarkably similar at the Mo K edge
and practically identical at the I edge. EXAFS
measurement of the sulphur K edge is, due to
the low x-ray photon energy, not available at
the experimental facility.
The analysis with the UWXAFS code
showed that three nearest neighbor shells of Mo
atom can be identified with high accuracy: they
comprise sulphur, molybdenum and iodine
atoms, all in contact distance, consistent with
tabulated data and encountered also in other
similar compounds. A few further neighbors
can be recognized, yet with lower reliability
due to their overlapping contributions. The
overall best-fit model, comprising all scattering
paths up to 4 Å, however, is extremely
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Figure 1: Fourier transform of the Mo K
edge EXAFS signal of the Mo6S3I6 (solid line),
together with the best fit model (dotted).
Support by the Ministry of Education,
Science and Sport of the Republic of Slovenia,
the European Commission support IHP–
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4 S atoms are S, the rest are I. Such
composition leads to the stoichiometry close to
Mo6S3I6, to a valency of Mo close to 2 and is in
full agreement with the X-ray diffraction [2].

Density-Functional Theory of Mo-S-I
nanowires
I. Vilfan
J. Stefan Institute, Jamova 39, SI-1000
Ljubljana, Slovenia
The density-functional theory (DFT) is a
very powerful technique of determining the
structural, mechanical and electronic properties
of crystals or molecules. It can provide not only
the equilibrium structures of specific materials
but also, e.g., their mechanical or electronic
properties. In this contribution I report on the
investigations, based on the DFT and as
implemented in the WIEN2k package [1], of
possible equilibrium structures of Mo6SxI9-x
nanowires.
The Mo6SxI9-x nanowires were synthesised in
the group of Professor Mihailovic and analysed
by the X-ray diffraction [2] and Extended X-ray
Absorption Fine Structure [3] measurements.
Despite great efforts, no clear-cut structural
information could be achieved, possibly
because the samples were composed of
molecules with different stoichiometries.

Figure 1: Side view on a Mo-S-I chain
(schematic drawing). Grey spheres represent
Mo atoms, grouped in octahedra (one
octahedron is seen in the centre of the drawing.
Red spheres are I anions, located in the bonding
planes between the octahedra, and blue spheres
represent the anions which dress each
octahedron (six anions per octahedron). These
anions are a mixture of S or I.

The DFT simulations were started with the
initial assumption that the nanowires are
composed of chains of Mo octahedra, each
dressed with 6 anions and separated by a plane
of 3 anions (bridging anions). Two anion
species were considered, I and S. Early
simulations on Mo6S3I6 with three S atoms in
the bridging plane have shown that the
interactions between the chains are very weak,
therefore the DFT simulations were focused at
the intrachain structures rather than on the
relative chain ordering within a crystal. For
each investigated chain structure the hexagonal
lattice constant c along the chain axis was
optimised whereas the lateral constant a was
kept fixed at a = 16.5 Å, giving the interchain
separation of 9.55 Å.

[1] P. Blaha, K. Schwarz, G.K.H. Madsen, D.
Kvasnicka and J. Luitz, WIEN2k, an APW+LO
program for calculating crystal properties (K.
Schwarz, Techn. Univ. Vienna, Austria, 2001);
ISBN 3-9501031-1-2.
[2] A. Meden, these proceedings.
[3] A. Kodre, these proceedings.

The results of DFT simulations show that the
most stable nanowires have each bonding plane
occupied by three I ions whereas the six
dressing anions on Mo octahedra are composed
of a mixture of S and I, see Fig. 1. Between 3 to
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each face and corner. The chain- or wire-form
is achieved by sharing anions on opposite sides.
The chains are held together only by Van der
Waals bonds.
However, a recent sample surprisingly
showed significantly lower degree of texture
and the fit got worse (intensities of the peaks,
which were suppressed by the preferred
orientation parameter are now higher and their
observed and calculated intensities do not fit
well.
The current status of the crystallographic
model will be presented and its relevance
judged on the basis of the fit achieved by the
time of the conference.

X-ray powder diffraction study of the
structure of Mo-S-I nanowires
Anton Meden
University of Ljubljana, Faculty of Chemistry
and Chemical Technology, Aškečeva 5, Si-1000
Ljubljana

Intensity [arb.units]

Material of an approximate composition of
Mo6S3I6 was synthesized in a sealed, evacuated
quartz ampoule from the elements. Its structure
is of considerable interest as it has some
promising physical properties. The material
does not form single crystals appropriate for
single-crystal structure analysis, so that X-ray
powder diffraction, supported by all available
information from other methods (physical
properties, electron microscopy, EXAFS, DFT
quantum chemical calculations…) is being used
to elucidate the crystal structure.
Due to the hair-like morphology, the powder
patterns exhibit strong preferred orientation
where the strong and relatively sharp peaks
(Fig. 1) can be indexed with a hexagonal base
plane (h k 0) with the lattice constant of 9.46
(primitive) or 16.38 (rhombohedral or
primitive) Ǻ. The remaining peaks are broad
and low so that the extraction of the third cell
dimension was very difficult.
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Figure 1: X-ray powder diffraction pattern
of the Mo-S-I nanowires.
Using the known structure of Mo6Se2I8 as a
template model, it was possible to build a threedimensional
crystal
structure
which
approximately fits (Rietveld refinement) the
diffraction pattern, assuming very strong
preferred orientation. The structure consists of
single chains containing cationic Mo6
octahedral clusters surrounded by anions above
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Hydrothermal synthesis of Mg-silicate
nanotubes
Boštjan Jančar, Danilo Suvorov
Jožef Stefan Institute, Ljubljana, Slovenia
Various combinations of different starting
materials containing Mg and Si, such as MgO
in powdered and sintered form, Mg(OH)2,
amorphous and crystalline SiO2 and hydrolyzed
tetra-ethyl-ortho-silicate, were subjected to
controlled hydrothermal conditions. The
products of the reactions initiated by such
conditions were analyzed with regards to the
temperature, time and pH value to which the
reaction media and the reactants were exposed.
Under basic conditions, at temperatures above
200oC, different layered minerals of the
serpentine group such as antigorite, lizardite
and chrysotile are formed. In the case of
chrysotile the Mg-Si based double layers exist
in the form of tubular crystals with the
diameters ranging from 10 to 20 nm. By
analyzing the products after several reaction
times an attempt was made to establish the time
frame and the reaction mechanism which
preferentially leads to the formation of these
nanotubular crystals.
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MnMCM-41 will be tested as catalyst in
epoxidation of styrene.

Functionalisation of nanoporous silicate
MCM-41 by manganese
Nataša Novak Tušar1, Nataša Zabukovec
Logar1
2,3
Iztok Arčon , Nina Daneu3, Denis Arčon3
and Venčeslav Kaučič1,4
1

National Institute of Chemistry, Hajdrihova
19, 1000 Ljubljana, Slovenia
2
Nova Gorica Polytechnic, Vipavska 13, 5000
Nova Gorica, Slovenia
3
Institute Jozef Stefan, Jamova 39, 1000
Ljubljana, Slovenia
Nanoporous silicates with pore openings from
0.5 to 2 nm (microporous) and from 2 to 10 nm
(mesoporous) are used as heterogeneous
catalysts in oxidation reactions. Incorporation
of transition metals into their framework
generates framework and extra-framework
catalytically active acid sites. Catalytic
properties of transition metal-functionalised
porous silicates depend on the structure type,
location and the nature of incorporated metal.
We functionalised mesoporous silicate structure
type MCM-41 by incorporation of manganese
cations into its framework and investigated
manganese local environment.
MnMCM-41 was prepared hydrothermally at
100 ºC after 1 day in the presence of
cetyltrimethylammonium chloride (CTACl) as
a template. In order to remove the template
from nanopores, MnMCM-41 was calcined at
550 ºC in oxygen flow. The presence of onedimensional hexagonal mesoporous structure of
MCM-41 was confirmed by X-ray Diffraction
(XRD) and High-Resolution Transmission
Electron Microscopy (HRTEM) as shown on
Figure 1. Local environment of manganese in
MnMCM-41 was identified by means of
XANES (X-ray Absorption Near Edge
Structure) studies and EXAFS (X-ray
Absorption Fine Structure) analyses. XANES
studies showed that major part of manganese
cations is Mn(III). EXAFS analyses revealed
that Mn(III) in the MnMCM-41 are
incorporated into the framework and generated
Lewis acid sites (Figure 2). EXAFS and
XANES results were confirmed by Electron
Paramagnetic Resonance (EPR) spectroscopy.

Figure 1: HRTEM of MnMCM-41: onedimensional hexagonal nanoporous structure
was confirmed.

O_
Si

Mn 3+

Figure 2: Catalytically active Lewis acid sites
were identified in mesoporous silicate
MnMCM-41.
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liquid crystalline hydroclorides (calculated
from the CEC) were used. Montmorillonite and
organically modified montmorillonite were
characterized by X-ray diffraction analysis
(XRD). [7-10] The basal spacing of unmodified
montmorillonite, determined by XRD, was
1.236 nm. After modification with liquid
crystalline diol hydrochloride having 6 and 8
CH2 units it increased to 1.845 and 1.976 nm
respectively. These diffraction patterns reveal
the exchange of cations in between the
montmorillonite layers with the liquid
crystalline hydroclorides.
The modified MMT as well as pure MMT
were analysed by TGA in air. The weight loss
on heating to 1050oC was 22% and 13%
respectively.
The MMT modified with DN-8-HCl was used
for the synthesis of liquid crystalline polyester
and the influence of the MMT content on liquid
crystalline properties was determined. The
presence of MMT increases the crystallization
and melting temperature and slightly decreases
isotropization temperature of polyester. The
X-ray diffraction shows the increase of
interlayer distance of MMT indicating that
intercalated nanocomposites were formed.

Modification of montmorillonite with liquid
crystalline diols
M.Huskić,1 I.Brnardić,2 M.Ivanković,2
M.Žigon1
1 National Institute of Chemistry, POB. 660,
1001 Ljubljana, Slovenia
2 University of Zagreb, Fac. Chem. Engn. &
Technol, HR-10001 Zagreb, Croatia
Montmorillonite (MMT) is a layered silicate
with an excess of negative charges within the
silicate structure. The negative charge, which
appears on the surface, is compensated by the
adsorption of cations, usually Natrium or
Calcium. They can be exchanged by organic
cations in an aqueous solution. Quaternary
ammonium salts (QAS) having long alkyl
chains are most frequently used for MMT
modification. [1-3] Modified MMT can be used
for the preparation of polymer nanocomposites
by in-situ polymerization, solvent casting or
melt intercalation. [4]
In present work liquid crystalline (LC)
hydrochlorides based on diethanolamine were
used for MMT modification. The synthesis of
liquid crystalline diols and diol hydrochlorides
is
described
elsewhere.
[5,6]
The
hydrochlorides differ in the length of the spacer
(n=6 or 8 CH2 units). The reaction is depicted
in Scheme1.
HO

N

OH

HO

H
+

(CH2 )n

N Cl
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O

O
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The cation exchange capacity (CEC) of a
montmorillonite was determined by ammonium
acetate method to be 83.9 meq/100g. To modify
montmorillonite, stoichiometric amounts of
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Nanocomposite PP fibers
K.Staknea, M.Sfiligoj Smolea, D.Gregor
Svetecb, K Stana Kleinscheka, M.Belec,
a

Laboratory
for
Characterisation
and
Processing of Polymers, University of Maribor,
Maribor, Slovenia
b
Textile Department, University of Ljubljana,
Ljubljana, Slovenia
c
National Institute of Chemistry, Ljubljana,
Slovenia
Nano-composite fibres based on polypropylene
PP polymer were prepared with different
content of nano- fillers. Therefore Nanofil,
organic modified nanodispers layered silicate,
MMT was used. However, the non-polar nature
of PP limits its adhesion and compatibility with
other materials. For the incorporation of nanoparticles into the polymer a special procedure
was needed. A mixture of polypropylene
granules and nano-particles was prepared. To
improve interfacial interaction, adhesion and
dispersion between the filler and the matrix and
to prevent the agglomeration of nano-particles
at spinning a coupling agent was added.
Therefore polypropylene grafted with acrylic
acid PPAA was used. The spinning conditions
were studied and the optimal spinning process
was involved. Nano-composite fibres were
analysed, i.e. electrokinetic properties were
determined.
Keywords:
polypropylene,
electrokinetic properties,

nano-composites,
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NaNbO3 Nanoparticles Prepared by
Mechanochemical Synthesis
Tadej Rojac, Marija Kosec, Barbara Malič,
Janez Holc
Institute Jožef Stefan, Jamova 39, 1000
Ljubljana, Slovenia
Mechanochemical synthesis is a novel
synthesis method based on high-energy
collisions between milling balls and powder
mixtures. Recently, it has become of particular
interest in the synthesis of nanosized ceramic
powders.
Sodium niobate (NaNbO3) has recently
attracted an increased attention due to its role in
the synthesis of lead-free piezoelectric ceramics
(KNN)
and
such
as
K0.5Na0.5NbO3
Li0.5Na0.5NbO3 (LNN) solid solutions. The aim
of our work is to study the mechanochemical
synthesis of NaNbO3.
Nanocrystalline NaNbO3 powder can be
prepared by milling Na2CO3 and Nb2O5 without
additional heating as encountered in the
classical solid-state processing. Microstructural
properties, i.e. crystallite size and microstrains,
of the as-prepared NaNbO3 were determined
by X-ray line-broadening analysis.
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Solution Synthesis of Nano-Powders in the
Multicomponent Systems
Elena-Daniela Ion1, 2, Barbara Malič1,
Marija Kosec1
1

Institut Jožef Stefan, Jamova 39, 1000
Ljubljana, Slovenija

2

National Institute of Materials Physics, P.O.
Box MG-7, Bucharest-Magurele, Romania

An increased interest has been focused
on the synthesis of nanomaterials which often
leads to advanced products, superior to
materials prepared by conventional methods.
The present contribution describes the research
on the solution synthesis of PbTiO3 (PT),
PbZrO3 (PZ) and PbZr0.5Ti0.5O3 (PZT) by a solgel route starting from lead acetate, titanium nbutoxide, zirconium n-butoxide and n-butanol
as a solvent. The hydrolysis of the precursor
solutions was conducted at 0oC with different
molar ratios of H2O/Pb(OAc)2 and at neutral
and alkaline pH values. The influence of these
parameters on the powders particle size has
been studied. Thermal analysis with mass
spectrometry of evolved gases (TG/DTA/EGA)
and X-ray powder diffraction (XRD) have been
used to determine the thermal behaviour and the
formation of crystalline powders. The size
distribution and the powder morphology were
analysed by laser granulometer measurements
and scanning electron microscopy (SEM).
The as-dried products are amorphous and they
crystallize into the perovskite phase at 500oC in
the case of PT and at 700oC in the case of PZ
and PZT. The particle size depends on both the
chemical composition and on the hydrolysis
conditions.
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order of 1 µg so that detection of the thermal
decomposition of the thin film is possible. But the
amount of sample available is small, typically below
1 mg cm-2, so that the mass change during a TG
experiment is in the range of buoyancy and
aerodynamic effects. In order to overcome these
problems, large area samples were used or the
measurements carefully performed - for instance
with subtraction of the blank curve or by high
resolution TG.
The aim of our work was to study comparatively the
thermal behaviour of sol-gel derived nickel oxide
thin films and xerogel respectively, prepared from
nickel sulphate and nickel acetate precursor, and to
optimise the thermal treatment of the films with
respect to electrochromic response. Results obtained
from dynamic TG measurements show that thermal
decomposition of thin film, prepared from sulphate
precursor begins at 270 oC and at 230 oC in case of
acetate precursor. During this process the
combustion of acetate groups, which are present in
the sample due to peptisation of the gel with acetic
acid, takes place and at the same time the nanosized
(2-3 nm) nickel oxide is being formed. The
corresponding temperature for xerogels is approx.
20 degrees higher. Knowing the shape of the
isothermal TG curve, several thin films with
different
ratios
between
the
thermally
undecomposed amorphous phase and nanosized
nickel oxide could be prepared by regulating the
duration
of
heat-treatment
at
isothermal
temperature. Spectroelectrochemical measurements
show that this ratio is decisive for the
electrochromic response. In the case of a sulfate
precursor the best properties up to 100th cycle are
possessed by a thin film, in which thermal
decomposition of acetate groups is complete (60
min at 270 °C). The change in transmittance at =
480 nm for this film in the 100th cycle is 46 %. For
the acetate precursor optical reversibility is already
achieved in a film thermally treated at 230 °C for 15
min (25 % decomposition). The monochromatic
transmittance change is 40 % in the 100th cycle, but
greater differences between these two films are
observed at the beginning of the cycling, where the
optical response of the latter is very small (11 %).
The initial response in case of the sulfate precursor
is 26 %. The electrochemical mechanism at the
beginning of the cycling process is most likely
different for thin films prepared from NiSO4 or
Ni(CH3COO)2 precursors and further studies should
be made in order to elucidate this difference. The
evolution of thin film structure during heattreatment was also followed using FTIR, EXAFS,
TEM and AFM analysis.

Thermogravimetric analysis of nickel-oxide
thin films: useful tool in optimisation of the
electrochromic response
Romana Cerc Korošec, Peter Bukovec, Boris
Pihlar, Angela Šurca Vuk, Boris Orel, Goran
Dražič, Igor Muševič, Jana Padežnik
Gomilšek
Faculty for Chemistry and Chemical
Technology, Aškerčeva 5, 1000 Ljubljana,
Slovenia
National Institute of Chemistry, Hajdrihova 19,
1000 Ljubljana, Slovenia
Institute Jožef Stefan, Jamova 39, 1000
Ljubljana, Slovenia
Nickel oxide thin films have been widely studied for
application as an optically active layer in
electrochromic devices. Under anodic potentials
they change colour from transparent to deep brown.
They exhibit a high coloration efficiency, neutral
coloration and stability in basic electrolytes. Among
various deposition techniques the sol-gel process
combined with dip-coating deposition is important
because the final properties of the films can be
tailored using various precursors and different
annealing temperatures.
It is well known for these films that a degree of
thermal treatment is the key factor that determines
the electrochromic effect during potential cycling.
Too high a processing temperature significantly
lowers the electrochromic effect, and the layer could
even become inactive. On the other hand, in
thermally untreated films either the optical
modulation decreases soon after the beginning of
cycling, or the film becomes detached from the
substrate.
When the sample is prepared as a thin film or in
powdered form, the differences in the particle size
and in the microstructure of the two forms lead to
different thermal stabilities. It is well known that the
decomposition temperature decreases with decrease
in sample particle size. Therefore it is extremely
important to perform thermal analysis on the thin
films themselves rather than on the corresponding
xerogels.
Thermal analysis of thin films is a demanding
procedure and direct measurements of thin films are
still not very common. This is the reason why in
most articles, which report thin film properties
thermal analysis is either made on the
corresponding xerogels or the investigated films are
thermally treated at 250 or 300 °C without
performing TG analysis even for the xerogels. The
sensitivity of balances in TG instruments is in the
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surfactant as a stabilization element were
obtained.
References:
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Surfactant stabilization of nematic - Mo6S3I6
nanowires mixtures
M. Avsec and M. Čopič
Jozef Stefan Institute, Jamova 39, 1001
Ljubljana, Slovenia
Email: matija.avsec@ijs.si, Tel.: +386-1-4773437, Fax: (+386) 1-425-1077
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properties
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mixtures”, (to publish), Mol. Cryst. Liq. Cryst.,
(2004)

We investigated experimentally the structural
ordering and dynamic properties of nematicMo6S3I6 nanowires mixtures. They were
investigated by combining dynamic light
scattering
(DLS),
optical
polarization
microscopy
and
linear
absorption
measurements. We tried to align the nanowires
in a mixture with the 5CB liquid crystal in its
nematic phase. A primary motivation of our
work was to increase a concentration of
oriented Mo6S3I6 nanowires in the samples [2].
The Mo6S3I6 nanowires were dispersed with
ultra-sound in isopropanol and then mixed with
liquid crystal; then the isopropanol was
evaporated. The Mo6S3I6 nanowires and narrow
bundles decomposed from wide bundles
generally show a strong tendency for self or
hetero-assembly in the nematic mixtures.
Typically, they segregate from the bulk to the
surface of the planar cell, so addition of
nanowires or narrow bundles produce defects
and distortions of the nematic phase. To avoid
the aggregation, the nanowires were coated
with two different surfactants, DDAB and SDS
homogeneously dispersed in water/isopropanol
solution. We were able to reduce the effect of
aggregation and achieve relatively high
concentration of isolated nanowires in nematic
phase of the 5CB. We also report on the
dynamic properties of Mo6S3I6 nanowires in
nematic mixtures. DLS was used to measure the
viscoelastic coefficients of the mixture in its
nematic phase from room temperature up to the
N-I phase transition. The relaxation time τ of
orientational fluctuations depends on the
concentration of dispersed Mo6S3I6 nanowires
in liquid crystal, and temperature. By
measuring the dependence of τ as a function of
the scattering wave vector q, the effect of
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precursors were tested; the first one having two
reactive trialkoxysilane groups (bis end-capped)
while the second one had just a single
alkoxysilane group attached to the organic
chain (single-capped). Organic chains based on
siloxane polymers and aliphatic chains were
chosen because of their strong hydrophobic
character needed to hinder the ingression of
water in the film’s interior that slow down the
swelling of the coatings.

Nanocomposite sol-gel barrier coatings
for metals
Mojca Fir, Aljaž Vilčnik, Dušan Strmčnik,
Vasko Jovanovski, Robi Ješe, Angela Šurca
Vuk, Boris Orel*
National Institute of Chemistry,
Hajdrihova 19, SI-1000 Ljubljana
Sol-gel organic/inorganic hybrid materials
synthesized at mild processing conditions
represent a new type of nanomaterials. They
have bi-phasic nature and consist of two
interpenetrating phases; inorganic (silica) phase
and
organic
phase
having
different
functionality, which links the silica clusters
together. The synthesised nanohybrid materials
are multifunctional materials and exhibit
simultaneously different properties such as
hydrophobicity, hardness, elasticity, etc. Sol-gel
precursors for nanohybrids have an amphiphilic
structure; organic phase is usually more
hydrophobic than the silica nanophase derived
from the alkoxysilane groups.

Results showed that films having thickness
below 200 nm prevented the formation of the
corrosion products on various kinds of metal
substrates. The barrier effect of the coatings
was assessed with different techniques:
potentiodynamic, infrared spectroscopic and
SEM measurements, while the long-term
stability of the barrier effects was tested with
exposing the coated metal surfaces to saltspray. Hydrophobic properties of the deposited
layers were determined by the surface tension
measurements and correlated with the
corresponding infrared spectra changes of
immersed and swelled coatings. The use of the
sol-gel hybrids as the barrier coatings for
enhancement the long-term stability of the
spectrally selective paints for solar absorbers is
also discussed.

Variety of sol-gel hybrids have been
synthesized till now and found the application
in different areas (electro-optic devices,
photoelectric cells, sensors, rechargeable
batteries and fuel cells) but only recently they
were recognized as materials suitable for
protection of metals against corrosion. The
following properties make these materials
unique as barrier coatings for metals: low
impermeability for oxygen and water, low
processing temperatures - they are lower with
respect to temperatures at which the oxidation
of metals usually appears - and high reactivity
towards the metal surfaces. The latter effect
originates from the reactive alkoxy silane
groups that interacted via the chemical bonding
to the hydroxylated surface of the metal.

Figure 1: Structure of a typical amphipilic
precursor BTSE for nanohybrid coatings for
Al/Si and ZM/Mg alloys on steel.

In this study we investigated the structure and
the barrier effect of sol-gel thin films deposited
with the immersion of the clean metal or
painted surfaces (aluminized steel, hot dipped
zincated steel and painted surfaces) in the
precursors’ solutions. Two different types of
*
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successfully incorporated in the polymeric
organic electrolytes but their incorporation
usually do not lead to their firm entrapment in
the polymer structure causing their leaking and
to a finite life time.

Nanocomposite redox electrolyte
based on tetramethoxysilane containing
R’R’’Im+ I- ionic liquid
Vasko Jovanovski, Angela Šurca Vuk,
Robi Ješe, Miran Gabršček, Boris Orel*

In this study we reported about the new type of
the R’R’’Im+ I- ionic liquid, having one of the
substitutes alkylalkoxysilane group
(R’’=-(CH2)3Si(OCH3)3):

National Institute of Chemistry,
Hajdrihova 19, SI-1000 Ljubljana
Gel electrolytes having a semi-solid state
consistency gain importance because of the
need to develop various electrochemical
devices such as lithium rechargeable batteries,
electrochromic devices and dye-sensitised
photo electrochemical (DSPEC) cells. They
enhance the mechanical stability of devices
preventing that way sever problems related to
the leaking of the environmentally harmful
liquid type of electrolytes, which are usually
employed in the cells. Semi–solid electrolytes
consisting of the organic polymer matrix with
the incorporated salts (LiClO4, LiCF3SO3, etc.)
generally exhibit ionic conductivities, which are
too low for practical utilization in the
corresponding devices. The incorporation of
suitable co-solvents (sulfolane, propylene
carbonate, etc.) overcome the problems of low
ionic conductivity of semi solid-state
electrolytes but did not avoid the leakage
problems of co-solvents from the polymeric
matrix.

MeO
N

+

N

I

-

MeO

Si

OMe
OMe

MeO

OMe
Si
OMe

Tetramethoxysilane, TMOS

1-Methyl-3-[3-(trimethoxy-λ4-silyl)
propyl]-1H-imidazolium iodide

Figure 1: Structures of ionic liquid and TMOS.
After the addition of tetramethoxysilane
(TMOS / R’R’’Im+ I- = 1) and hydrolysing the
precursors’ mixture with HCl/H2O mixture the
gelling occurred and nanocomposite with
reinforcing silica clusters formed.
Structural studies of the nanocomposite gels
were preformed with Infrared and 29Si NMR
measurements while their electrical properties
were assessed from their ionic conductivity
measurements
Combined Infrared and 29Si NMR studies
revealed that T2 and T3 cage-like condensation
product formed during the gelling of R’R’’Im+
I-. The addition of TMOS led to the formation
of the oxane (-Si-O-Si-) bonds between both
constituents -bead –on –string structure of the
R’R’’Im+ I- and the branched TMOS matrix.
The ionic conductivities of the R’R’’Im+ Ihaving various concentrations of I2 - its addition
enhanced the amount of I3- species – was
assessed using Butler-Vogel-Tamman relation.
The activation energies were also determined,
taking into account measured glass transition
temperatures (Tg ≈ -60 °C). The added TMOS
did not enhance appreciably the Ea, Tg and the
ionic conductivity values. Finally, the
preliminary tests of the DSPEC performance
with R’R’’Im+ I- / TMOS redox electrolytes
will be also reported.

Sol-gel nanocomposites represent in many
aspects better alternative to the organic
polymeric electrolytes with the incorporated cosolvents because the reactive alkoxy groups,
which cause the gelling contribute to the
incorporation and the embedment of cosolvents and the ionically conductive species in
the electrolyte’s matrix.
Ionic liquids represent a special case of cosolvents. They act as an ionically conducting
phase and since they already contain ionically
conductive species the nano hybrid electrolytes
could combine high ionic conductivities of the
incorporated ionic liquids with their firm
embedment in the nanocomposite sol gel
matrix. Although ionic liquids with the
composition R’R’’Im+ I- have been already
*
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Impact of the coating thickness on the
electrochemical performance of LiFePO4
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The use of citrates in sol-gel synthesis of
certain olivines (LiFePO4, LiMnPO4, etc.) but
also other compounds leads to porous
composite materials. Degradation products of
citrate anion create interlaced pore system,
starting from large voids, which continues to
macropores, mesopores and finally to
micropores. The main phase is the
electrochemically active material. All surfaces
of the active material, including the walls of
pores, are covered by a nanometre-thick carbon
layer. The role of the carbon layer is to supply
electrons to all spots on the surface of
electroactive material, thus enhancing the
electrochemical kinetics. In this respect, several
questions arise: a) what is the optimal thickness
of the carbon layer or b) should the carbon layer
be continuous or web-like etc. It has been found
that the thickness of the carbon layer and its
continuity can be carefully controlled by
variation of selected synthesis parameters,
especially by addition of a controlled amount of
a cellulose compound. It will be shown how the
electrochemical behaviour correlates with the
thickness of the carbon layer. The reasons for
the rather unexpected behaviour will be
discussed in detail.
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Figure 2: Electrochemical performance of
LiFePO4 prepared according to a new
procedure prepared in our lab. Curves A and B
correspond to materials A and B in Fig. 1. The
size of active particles was about 30 – 70 nm.

Figure 1: Carbon coating around LiFePO4
particle prepared according to a new procedure
obtained by addition of different quantities of
cellulose as organic precursor.
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Synthesis, Characterisation and Magnetic
Properties of Cu(OH)2 Nanoribbons
P. Umek1,2, J. W. Seo2, L. Fórró2, P. Cevc1, M.
Škarabot1, Z. Jagličič3, A. Zorko1 , H. van
Tool4, L.C. Brunel4, and D. Arčon1,4,5
1

Institute Jožef Stefan, Jamova 39, 1000
Ljubljana, Slovenia
2
Institute of Physics of Complex Matter, FSB,
EPFL, CH-1015 Lausanne, Switzerland
3
Institut of Matemaics, Physics and Mechanics,
Jadranska 19, 1000 Lujbljana, Slovenia
4
National High Magnetic Field Laboratory,
Florida State University, Tallahassee, Florida
32310, U.S.A.
5
Faculty for Mathematics and Physics,
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AbstractPolycrystalline
Cu(OH)2
nanoribbons with an average diameter between
8 to 12 nm and lengths up to 3 µm were
synthesized by precipitation reaction following
two different synthetic procedures. The
morphology of synthesised materials was
characterised by TEM, SEM, and AFM. We
observed that nanoribbons of Cu(OH)2 are very
sensitive to storage conditions and by aging,
bundles composed from Cu(OH)2 nanoribbons
become shorter. Exposure of nanoribbons to
electron beam transform them to Cu
nanoparticles. Magnetic properties of Cu(OH)2
nanoribbons, which were studied by SQUID
magnetometer, ESR and 1H NMR. We found
that Cu(OH)2 nanoribbons with aging gradually
lose their low-dimensional antiferromagnetic
character as the formed defects tend to cut the
Cu-(OH)2-Cu chains in shorter and shorter
segments. 1H NMR also prove that considerable
spin density could be found at the H site
suggesting that OH groups act as
superexchange bridges between Cu2+ moments.
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Synthesis, structural and adsorption
properties of titania-based nanotubes
P. Umek, P. Cevc, A. Jesih,
Institute Jožef Stefan, Jamova 39, 1000
Ljubljana, Slovenia
C.P. Ewels,
LPES, Universite Paris-sud, France
D. Arčon
Faculty of Mathematics and Physics, University
of Ljubljana, Jadranska 19, 1000 Ljubljana,
Slovenia
TiO2-based nanotubes were prepared using
solvothermal technique and then investigated
by high-resolution TEM and EELS. We find
that the structure of the titania nanotubes
corresponds to hydrated H2Ti2O5. Hydrated
surface strongly influences the adsorption
properties of nanotubes. We prove that TiO2
based nanotubes strongly adsorb NO2 gas.
Using pulsed EPR techniques we also
demonstrate that NO2 gas attaches to titania
surface with oxygen-atoms making a contact.
NO2 therefore most probably stick where the
OH hydration normally would go on the
undercoordinated Ti surface atoms.
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based nanotubes. Above 500 K R starts to
decrease rapidly with increasing temperature,
which has been attributed to the onset of proton
conduction. This assignment is further proved
by the observation of Wartburg-type at low
frequencies.

Impedance spectroscopy of TiO2 based
nanotubes
A. Hočevar,1 M. Gaberšček,2 R. Dominko,2 P.
Umek,1 and D. Arčon,1,3
1

Institute Jozef Stefan, Jamova 39, 1000
Ljubljana
2
National Institute of Chemistry, Hajdrihova
19, 1000 Ljubljana, Slovenia
3
Faculty of Mathematics and Physics,
University of Ljubljana, Jadranska 19, 1000
Ljubljana, Slovenia
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Nanotubes are considered as main candidates
for the design of new electronic devices.
Nanotubes in general represent a quantum wire
for the molecular-FET structures. In general
they show exceptional electronic and
mechanical properties together with its nanosize diameter and hollowness. Carbon
nanotubes for instance behave like onedimensional quantum wires that can be either
metallic or semiconducting, depending on their
chirality and diameter [1]. It has been proved in
recent years that nanotubes can be prepared not
only from carbon but also from other layered
systems. We have succeeded recently in
synthesizing nanotubes based on TiO2.
Although the structure of nanotubes is still
disputed our TEM and ESR measurements [2]
clearly proved that the structure of these
nanotubes is hydrated. We propose that TiO2based nanotubes and nanoribbons basically
consist of the chains of TiO octahedra with
hydrogen (and to a lesser extend sodium)
trapped in the voids between chains.
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[1] Saito R., Fujita M., Dresselhaus G., and
Dresselhaus M. S., Appl. Phys. Lett., 60, 2204
(1992).
[2] P. Umek et al., unpublished.

Transport properties of TiO2-based nanotubes
were so far completely unexplored. In this
contribution we for the first time show the
measurements of the resistivity of TiO2-based
nanotubes
using
complex
impedance
spectroscopy. Measured results were analyzed
with two RC circuits in parallel. One of the RC
circuits corresponds to the contacts. The other
RC circuit on the other hand corresponds to the
investigated materials as proved by the scaling
of R with the thickness of pellets d (Fig. 1). The
resistance R first decreases with increasing
temperature between room temperature and 500
K proving the semiconducting nature of TiO246
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[1] J. Yamamoto, H. Tanaka, Nature 409, 321
(2001).
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Jožef Stefan Institute, Jamova 39, SI-1000
Ljubljana
2
Department of Physics, University of
Ljubljana, Jadranska 19, SI-1000 Ljubljana
andrija.lebar@ijs.si
We performed deuteron NMR spectroscopic
and imaging investigations of water-in-nematic
emulsions. In these systems, a transparent
nematic phase has recently been claimed to
exist [1]. The emulsions were prepared by
adding water to thermotropic liquid crystal in
the form of inverse micelles (water droplets
stabilized by surfactant molecules) with a
typical size of 5 nm. Two kinds of samples with
complementary deuteration were prepared: the
first series with selectively deuterated liquid
crystal (LC) and H20-micelles and the second
series with non-deuterated LC and D2Omicelles, at micellar concentrations ranging
from 3% to 15%. On increasing the
concentration of micelles we observed a
lowering of the I-N transition temperature,
below which two phases coexist. In the course
of time, these two phases separate and become
visually resolvable. We identified the higher
mass density phase at the bottom to be nematic,
with vanishing concentration of micelles. The
lower mass density phase, on the other hand,
contains most of the sample's micelles and
exhibits an isotropic phase. The volume fraction
of the isotropic, micelle-rich phase, decreases
with decreasing temperature, accompanied by a
consequent increase in the concentration of
micelles. Abrupt cooling of the system in the
biphasic state leads to a sudden transition of the
isotropic phase into the nematic phase. Our
observations comply with a typical phase
separation scenario, driven by the elastic forces
arising from the geometrical incompatibility
between spherical micelles and elongated LC
molecules. The phase separation timescale
strongly depends on both the size and the shape
of the sample. With the present study, we were
not able to identify the formation of a
thermodynamically stable transparent nematic
phase [1].
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Theoretical Study of fluorination
fullerenes and carbon nanotubes
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literature (notably n=30,36,48). Lowest energy
F2 addition always occurs at the shortest
available C-C bond.

of

C. P. Ewelsa, G. Van Lierb,c, M. Amatd, P.
Geerlingsc, J. C. Charlierb, R. Taylore
a

The main addition routes are also analysed for
C60F2n isomers, using ab initio global and local
aromaticity
calculations.
For
this,
magnetisability and NICS calculations have
been carried out at HF/3-21G level of theory.
We show the possibility of using NICS to
predict the next preferential addition site,
leading to the above-described addition routes.

LPS, CNRS UMR 8502, Université Paris Sud,
91405 Orsay, France
b

P.C.P.M.,Université Catholique de Louvain
(UCL),
Place Croix du Sud, 1 (Boltzmann), 1348
Louvain-la-Neuve, Belgium

c

Fluorination of carbon nanotubes shows distinct
behavioural differences depending on the
fluorination temperature. Below 200-250oC
fluorination is semi-ionic, above this
temperature the bonding is covalent leading to a
maximum C2F coverage. We study fluorination
of curved graphene surfaces using large
hydrogen
terminated
clusters.
Density
functional calculations using AIMPRO are used
to determine preferential binding sites for F2
and migration barriers. It is found that nearest
neighbour F2 bonding leads to asymmetric C-F
bonds and this is proposed as the source of the
semi-ionic behaviour. F is found to migrate
over nanotube surfaces with a migration barrier
of 1.2eV, suggesting that the observed change
in behaviour corresponds to the temperature at
which fluorine becomes mobile on the nanotube
surface. We also examine the effect of water on
the binding and migration of F on nanotube
surfaces.

ALGC, Vrije Universiteit Brussel, Pleinlaan 2,
B-1050, Brussels, Belgium
d

Institut de Química Computaciona,
Universitat de Girona, E-17071 Girona,
Catalonia, Spain
e
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Chemistry Department, University of Sussex,
Falmer, Brighton BN1 9QJ, UK

In recent years, there has been a significant
interest in fluorine derivatives of C60. They are
promising synthons as enhanced acceptors in
donor-acceptors diads, due to their specific
characteristics (good solubility, high reactivity
towards
nucleophiles
and
enhanced
dienophilicity of the unsubstituted part of the
cage, resulting from electron withdrawal by
fluorine atoms).[1]

Using a range of theoretical techniques we
examine high fluorine coverage on armchair
and zig-zag nanotubes, and propose a
mechanism for experimental STM observed
fluorine “banding” around the tube axis based
on concurrent axial line growth. Email:
chris@ewels.info

We present a systematic study of addition
patterns occurring upon fluorination of C60,
from C60 to C60F60, using the program
SACHA[2]. This increments the number of
fluorine addends, tests all available addition
sites within a given cut-off radius, and selects
the most energetically stable structure for
further addition on the basis of full AM1
optimisations for every isomer. The lowest
energy structures are optimised using HF/321G.

[1] R. Taylor Chem. Eur. J. 7, 4074-4083
(2001).
[2] C. P. Ewels, G. Van Lier, M. Amat, in
preparation (2004).

A number of distinct addition patterns are
predicted (octahedral, S, T, and mixed ST),
leading both to experimentally observed C60Fn
isomers (notably n=18,20,36,48), as well as to
isomers not previously described in the
48
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EXAFS spectrum of the treated pigment and the
spectrum of the microcrystalline hematite
reveals identical spectral contributions from the
first coordination shell around Fe atom (oxygen
octahedron) and a suppression of the signal of
further neighbour shells in the pigment (Fig. 2).

Nano-scale morphology of iron-oxide
pigment after oxygen-plasma treatment:
EXAFS study
Iztok Arčon1,2, Miran Mozetič2, Alojz Kodre 3,2
Nova Gorica Polytechnic, Vipavska 13, 5000
Nova Gorica, Slovenia
2
J. Stefan Institute, Jamova 39, Ljubljana
3
Faculty of Mathematics and Physics,
University of Ljubljana
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In the study of stability of a commercially
available yellow micronised iron oxide pigment
(Bayferrox 3920) to the highly aggressive
treatment with oxygen plasma, a change of
colour from yellow to dark red was observed.
Analysis with powder x-ray diffraction shows
that the yellow pigment microparticles
recrystallize from goethite (α-FeOOH) to
hematite (α-Fe2O3) crystal structure (Figure 1).
A relatively poor crystallinity of the pigment
particles after the plasma treatment is indicated
by large diffraction peak width. Nano-size
perfect-crystal domains either in form of
separate nanoparticles or mosaic domains in
relatively large microcrystallites are present.
There are two subsets of diffraction lines in the
spectrum
with
significantly
different
broadening, indicating that the domains are
highly anisotropic.
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Quantitative EXAFS analysis of the treated
pigment gives the same Fe neighbour distances
and coordination numbers as bulk hematite
crystal. The presence of nanoparticles or
amorphous iron oxide phases in the sample is
thus excluded. The Debye-Waller factors of
neighbour shells beyond the nearest one,
however, are significantly larger than in
hematite. Hence, we may conclude that the
large static disorder is caused by imperfections
in the structure of the microcrystallites The
disorder does not affect the oxygen octahedra
around iron atoms, but rather the correlations
between the octahedra.
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Figure 2: Fourier transforms of k3-weighted
EXAFS spectra of hematite and of yellow
pigment after the plasma treatment. Experiment
– solid line; EXAFS model in the R region from
1.1 Å to 4.0 Å, based on crystal structure of
hematite (α-Fe2O3) - dashed line.
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Figure 1: XRPD spectra of the yellow pigment
after plasma treatment (bottom). Spectrum of
the microcrystalline hematite powder (α-Fe2O3)
is shown for comparison (top).

Support by the Ministry of Education,
Science and Sport of the Republic of Slovenia,
the bilateral project BI–DE/03–04–004 by
Internationales Buero des BMBF, and access to
synchrotron radiation facilities HASYLAB
(project II–01–44) is acknowledged.

The decisive information on the morphology
of the plasma treated pigment on the nano-scale
is provided by Fe K-edge EXAFS analysis,
elucidating the local structure around Fe atoms
in the sample. A detailed comparison of the
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