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Some current issues in fulleride chemistry
and physics
Kosmas Prassides
Department of Chemistry, University of Durham,
Durham DH1 3LE, UK

In this lecture, an overview will be presented of
the structures and physical properties of
selected
fullerene-based
architectures.
Particular attention will be paid to: (i) attempts
to expand the interfulleride separation through
co-intercalation of small molecules which bind
to the alkali metal ions within the available
interstitial voids, while retaining the basic
structural architecture and the electronic contact
between the fulleride units, and (ii) the
occurrence of valence transitions and negative
thermal expansion effects in rare-earth
fullerides.
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Strong Correlations, Hund's Rule, and Jahn
Teller in Fulleride Superconductivity
E. Tosatti(*)
SISSA, Democritos, and ICTP, Trieste, Italy.

Fulleride
superconductors
are
known
experimentally to be simultaneously dominated
by strong electron-phonon coupling, believed to
be of Jahn Teller (JT) type, and by strong
repulsive electron correlations, placing them
close and sometimes beyond a metal insulator
Mott transition. It is a general question why and
how strong repulsion can coexist and in fact
encourage phonon superconductivity. We present
a DMFT study of a threefold degenerate Hubbard
model with JT coupling, Hund's rule exchange
and half filling at n = 3 electrons representative of
alkali-doped fullerides A3C60. By increasing the
intramolecular Hubbard repulsion U, the U = 0 swave BCS superconducting state is first turned to
a normal metal, as expected for repulsion-induced
depairing. However, at much larger U values
quasiparticles separate out from Hubbard bands,
and their effective interactions turn from repulsive
to attractive in the singlet channel. Due to that, swave superconductivity re-enters with a typical
bell shaped gap variation for increasing U, ending
finally with a S = 1/2 AF Mott insulator –
precisely as the real fullerides do for increasing
cell volume. Initially BCS like at smaller U, the
superconductivity
turns
increasingly
unconventional close to the Mott insulating
phase.[1,2] In the strongly correlated metal
region close to the Mott transition we identify
several anomalous properties: (i) there is a gain of
kinetic energy and of Drude weight associated to
the onset of superconductivity; (ii) the normal
state spin susceptibility is anomalously large (see
Figure), whereas the expected specic heat jump is
not especially large; (iii) there emerge different
energy scales controlling the renormalized band
dispersion, the electronic entropy and the specific
heat. These predictions are discussed in the light
of existing and of future measurable experimental
properties of the fullerides, especially of
K3(NH3)C60 type materials. Some of these broad
properties
are
common
to
d-wave
superconducting cuprates and also to 2D organic
superconductors, which are seen as members at
large of the same family.

Figure: DMFT-calculated uniform spin
susceptibility for a the “normal” metal state of a
model A3C60 three band conductor of
bandwidth W including JT, Hund's rule, and
intrasite Coulomb repulsion U, plotted for
increasing U/W . At U/W < 0.5 susceptibility
increases due to ordinary Stoner enhancement.
Above 1.1 the metal is unstable against a first
order transition to a S = 1/2 AF Mott (Jahn
Teller) insulator. Between 0.5 and 1.1 the
ground state is s-wave superconducting. Here
the normal state susceptibility switches from
three-band
to
effectively
one-band,
corresponding to a non Fermi liquid state where
two of the three electrons/site are paired off as
sketched, due to underlying dynamical JT. A
calculated susceptibility enhancement factor
around 2 agrees well with measurements by
Petit et al in K3C60 and in Rb3C60.[3]
References:
(*) Work done with M. Capone, C. Castellani
and M. Fabrizio.
[1] N. Manini and E. Tosatti, cond-mat (2006)
[2] M. Capone, M. Fabrizio, C. Castellani, and
E. Tosatti, Science 296, 2364 (2002);
[3] M. Capone, M. Fabrizio, C. Castellani, and
E. Tosatti , Phys. Rev. Lett. 93, 047001 (2004).
[4] J.Robert, P.Petit, T. Yildirim and J.E.
Fischer, Phys. Rev. B 57, 1226 (1998).
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Polymerization and Metallicity in Lithium
Fullerides
M. Riccò1, D. Pontiroli1, M.Belli1, T. Shiroka1,
G. Ruani2, S. Margadonna3, D. Arčon4, M.
Tommaselli5
1

Dip. di Fisica & CNISM, Università di Parma,
Parco Area delle Scienze 7/a, 43100 Parma, Italy
2
ISMN-CNR, Via P. Gobetti 101, 40129 Bologna, Italy
3
School of Chemistry, Univ. of Edinburgh,West Mains
Road Edinburgh, EH9 3JJ, United Kingdom
4
Solid State Physics Department, J. Stefan Institute,
Jamova 39 SI-1000 Ljubljana, Slovenia
5
Laboratory of Physical Chemistry-ETH, Zurich, CH8092 Switzerland

The intercalation of alkali atoms in a fullerene
matrix leads to charge transfer salts AxC60,
whose remarkable structural and electronic
properties are still far from being fully
understood. Currently, the non-standard
insulating diamagnetic ground state of the
A4C60 bct compounds (A = K, Rb, Cs) is
thought to arise from the cooperative effect of a
metal-to-insulator transition and dynamical
Jahn-Teller distortions [1, 2]. In case of small
radius alkali atoms (A = Li, Na), other stronger
structural instabilities emerge, yielding a twodimensional (2D) polymerisation: in particular,
in Na4C60 fullerene molecules are linked by
single C-C bonds [3], whereas in Li4C60 a new
polymer texture is found, where single and
double C-C bonds coexist, as indicated by high
resolution
synchrotron
powder
X-ray
diffraction [4]. Raman, EPR and NMR
spectroscopies together prove the insulating
nature of this polymer phase.
Synchrotron x-ray powder diffraction shows
that on heating Li4C60, the polymer gradually
disappears, being replaced by a more symmetric
phase. On the other hand, ESR measurements
indicate the unexpected appearance of metallic
behaviour, as suggested by the Dysonian
lineshape of the spectrum. Any hypothesis
about the partial Li ionisation is ruled out by
detailed Raman investigations: the C60 Ag(2)
mode shift indicates a complete charge transfer
from the alkali atoms to C60. The synchrotron
powder pattern of the high temperature phase
was refined using a Rietveld procedure, with
the buckyballs approximated to spherical shells,
whose electron densities were modelled with
Symmetry Adapted Spherical Harmonics
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(SASH). The resulting lithium ion positions, at
the octahedral and tetrahedral voids of the cubic
lattice, were independently confirmed by the
presence of two different peaks in the 7Li NMR
spectra. The unusual metallic behaviour of the
high temperature Li4C60 phase, as compared to
other A4C60 systems, can be ascribed to the
higher crystalline symmetry of the compound, a
key parameter in driving the electronic
properties of these compounds.
[1] J. E. Han et al., Phys. Rev. Lett. 84, 1276
(2000).
[2] M. Capone et al., Phys. Rev. B 62, 7619
(2000).
[3] G. Oszlanyi et al., Phys. Rev. Lett. 78, 4438
(1997).
[4] S. Margadonna, D. Pontiroli, M. Belli, T.
Shiroka, M. Riccò, M. Brunelli, J. Am.
Chem.Soc. 126,15032 (2004).
[5] M. Riccò, T. Shiroka, M. Belli, D. Pontiroli,
M. Pagliari, G. Ruani, D. Palles, S.
Margadonna and M. Tomaselli, Phys. Rev. B
72, 155437 (2005).
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Electronic structure of polymeric C60Li4
Jaroslav Tóbik and Erio Tosatti
SISSA, Democritos, and ICTP, Trieste, Italy.

We carried out electronic structure calculations
of the novel polymeric phase of C60Li4 reported
quite recently [1]. This phase shows twodimensional polymerized C60 planes with
parallel bond pairs between adjacent C60
molecules in one planar direction, a stretched
one in the perpendicular planar direction, and
no bonds at all between planes. Two Li atoms
occupy an octahedral site and one per each of
the two tetrahedral sites. Electron spin
resonance (ESR) and Raman scattering
experiments found an insulating state for this
phase.[1,2] While that is compatible with an
even number of electrons per C60 and per cell, it
is still somewhat surprising as there seems to be
no reason keeping the non-bonded fullerene pi
states away from the Fermi level.
We performed DFT calculations in the GGA
approximation of the electronic structure of this
phase. Starting with the experimentally
suggested C and Li atom coordinates, all Li–
related bands were high in energy, showing as
expected a full charge transfer. In disagreement
with experiment, the band structure was
metallic, showing dispersive bands, typical of
C60- C60 bonds, overlapping with non dispersive
nonbonding C60 pi states near the Fermi level.
We note that the Li atom cross section for Xray diffraction is small, and one could suspect
some uncertainty in the actual positions of Li
atoms. In our calculations in fact the
experimental structure seems to be only
metastable (local energy minimum). On the
other hand, the DFT scheme is generally
affected by self-interaction errors which may
yield an artificial metallic state in place of a
narrow gap insulator. Once inside such a
fictitious metallic state, it can be difficult to
escape. We achieved escape by confining our kspace sampling strictly to the k = 0 point,
forcing each kind of orbital to lie on one side
or the other of the Fermi level. With this kspace sampling we let the coordinates of all
atoms change so as to minimize energy. At the
new minimum, now corresponding to a new
structure different from the experimental one,

W 10.20 – 10.40
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we again switched on the full k-point sampling,
and reoptimized the structure. In this way a new
optimal structure was found, now insulating,
with a total energy 2.3eV/cell lower than the
metallic structure. We therefore propose that
this could be a closer approximation to the true
C60Li4 structure than the one proposed by Xrays. The main structural difference is in the
position of the former octahedral Li atoms,
whose positions have changed as indicated in
Fig.1. Smaller deformations of the C60 cages
and of the tetrahedral Li do not seem to play an
eqally important role. The electronic structure
shows that nonbonding states have moved away
from the Fermi level, which falls neatly inside a
weak single-bond insulating gap of a few
hundred meV.

Figure: Optimized unit cell of C60Li4. Li atoms
are green. Yellow dots show tetrahedral sites,
red dots octahedral sites. Red arrows trace Li
atoms back to the X-ray positions.
References:
[1] S. Margadonna, D. Pontiroli, M. Belli et al,
J. Am. Chem. Soc, 126, 15032 (2004). D.
Pontiroli PhD thesis, Univ. Parma, 2006.
[2] M. Ricco, T.Shiroka, M. Belli et al, Phys.
Rev. B 72, 155437 (2005).; M. Belli PhD
thesis, Univ. Parma, 2006.
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Molecular Arrangement and Electronic
Properties of Fullerene Monolayers
Anna Tamai1, Ari P. Seitsonen2, Felix
Baumberger3, Zhi-Xun Shen4, Thomas
Greber5, and Jürg Osterwalder5
1

School of Chemistry, University of Edinburgh,
Edinburgh EH9 3JZ, UK.
2
CNRS & IMPCMC, Université Pierre et Marie Curie, 4
place Jussieu, F-75252 Paris, France.
3
School of Physics and Astronomy, University of St.
Andrews, St. Andrews, Fife, KY16 9, UK.
4
Department of Applied Physics, Stanford University,
Stanford, CA 94305.
5
Physik Institut der Universität Zürich,
Winterthurerstrasse 190, CH-8057 Zürich, Switzerland.

The characterization of C60 molecular layers on
metal surfaces has stimulated progress in
understanding the complex behaviour of
correlated fullerenes compounds. Because of a
balance between molecule–molecule and
molecule–substrate interactions, it is possible to
grow highly ordered C60 layers, where the
molecules assume well–defined relative
orientations. This has allowed one to measure
the LUMO (lowest unoccupied molecular
orbital) dispersion in a K3C60 monolayer on
Ag(111) [1] and to investigate the importance
of the molecular orientation for the electronic
properties of potassium doped fullerene systems
[2].
Surfaces provide a unique opportunity to tailor
the properties of molecular systems by creating
structures not possible in the bulk. By
evaporating C60 on a periodically stepped
Cu(553) substrate held at elevated temperature,
we have succeeded in growing a highly onedimensional structure appearing in scanning
tunneling microscopy (STM) images as
alternating bright and dim chains that follow the
substrate step direction.
The C 1s X-ray Photoelectron Diffraction
(XPD) data for this structure give evidence that
the different contrast is due to two different
molecular orientations. The experimental
pattern can be well modeled by a superposition
of hexagon-bonded and pentagon-bonded
molecules with equal weights, where the local
bonding is normal to the (111) terraces.
The electronic structure of C60 compounds is
extremely sensitive to the molecular orientation
and the lattice structure. In the case of the C60
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chain structure on Cu(553), angle-resolved
photoemission data show a very anisotropic
band structure, which indicates that the
electronic coupling occurs predominantly along
the chains, despite of an only modest expansion
of the lattice perpendicular to the chains. The
large dispersion of the HOMO (highest
occupied molecular orbital) peak parallel to the
chains derives from a particularly favorable
relative orientation of the molecules. The broad
Gaussian photoemission line shape reveals the
importance of electron-phonon interactions and
suggests that creation of a photohole in the
HOMO leads to the formation of a polaron. [3].
[1] W.L. Yang et al., Science 300, 303 (2003).
[2] A. Tamai et al., Phys. Rev. B 72, 085421
(2005).
[3] A. Tamai et al., Phys. Rev. B 74, 085407
(2006).

Figure 1: (a) Room temperature STM image
(100Å x 100Å) of C60 chains forming on
Cu(553). (b) Experimental C 1s XPD pattern
(Mg Kα, Ekin = 970 eV). The chain direction
and the direction normal to the terraces are
indicated. (c) SSC calculations for a one-to-one
mixture of pentagon-bonded and hexagonbonded C60 molecules. (d) Real space model of
the chain structure suggested by these results.
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Fullerenes and Carbon Nanotubes in Solar
Energy Conversion
Dirk M. Guldi
Institut für Physikalische Chemie der Universität
Erlangen-Nürnberg, Henkestrasse, 42, 91054 Erlangen,
Germany

Nanoscale carbon materials (i.e., fullerenes and
nanotubes) are attractive platforms for
applications in photovoltaics. These nanoscale
materials have extended, delocalized π-electron
systems, which, in combination with
photoexcited electron donors, may make them
useful for managing charge transfer within
novel, ultra-high efficient photoelectrochemical
cells for water splitting and reduction of CO2 to
fuels. The application of the proposed donoracceptor conjugates is relevant to the mission of
the DOE’s solar photochemistry program and is
of interest to scientists working in the fields of
photo- / radiation-chemistry, electron donoracceptor interactions, supramolecular chemistry
and photovoltaics.
As far as fullerenes and especially C60 are
concerned, a recent breakthrough in our work
includes a 24% efficient charge-separation
within a molecular tetrad. The lifetime of the
spatially-separated (~49 Å) radical pair, which
is the product of a sequence of energy and
electron transfer reactions, reaches well beyond
milliseconds (0.38 s). Such an extended charge
separation
had
not
previously
been
accomplished in an artificial photosynthetic
reaction center.
Single wall carbon nanotubes (SWNT), on the
other hand, may also serve as the electron
acceptor
component
in
donor-acceptor
ensembles, just as fullerenes have been the
electron acceptors in much recent research.
Notably, the expected electrical conductivity
behavior associated with the tubular structure
and good chemical stability opens new
promising scenarios for their use as “molecular
wires” with high surface areas in the design of
electro- and photoactive ensembles. However,
there are several obstacles in the way of
integrating SWNT into functional donoracceptor constructs and their use in practical
applications. Controlled modification of their

W 11.30 – 12.00
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surface with multifunctional groups –
chromophores, electron donors, biomolecules,
etc. – is required to fully realize their potential
in nanotechnology.
The objective of ongoing efforts in our
laboratories is the systematic investigation of
novel SWNT ensembles.
The organic
functionalization of carbon nanotubes has
produced a class of completely new materials
with anticipated great impact on sustainable
energies as well as on nanoscience and
nanotechnology as a whole. While the shape and
size of functionalized SWNTs are largely
retained, effects are expected to arise from the
randomly occurring interruption of the
conjugated π-system.
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Molecular shuttles controlled and monitored
by fullerenes and their applications in
photovoltaics.
Aurelio Mateo-Alonso and Maurizio Prato.
Dipartimento di Scienze Farmaceutiche, Università degli
Studi di Trieste, Piazzale Europa 1, 34127 Trieste.

Rotaxanes present as promising candidates for
the preparation of molecular scale devices,
since their components (macrocycle and thread)
can adopt different co-conformations..1, 2 The
applicability of rotaxanes can be enhanced
when using photo- and electroactive units like
fullerenes. Owing to the unique photochemical
and electrochemical properties of fullerene
derivatives,3, 4 a wide variety of molecular
devices can be produced with diverse
applicability, including information storage and
conversion of light into electric current
(artificial photosynthesis). We have been
involved in the preparation of some fullerenestoppered rotaxanes,5, 6 assembled through
hydrogen bonding recognition. We have
demonstrated that fullerene stoppers can be
used to induce and monitor shuttling through ππ interactions with the macrocycle that can be
triggered
by
a
solvent
change
or
electrochemically. Therefore shuttling between
two different well-defined parts of the
molecular thread (stations) is achieved.
Recently, we have developed a way to
introduce ferrocene units on the macrocycle as
electron-donors. In such dyads we have
observed efficient electron transfer between the
ferrocene units on the macrocycle and the
fullerene stopper followed by a long-lived
charge separated state. The preparation of these
systems will be discussed together their
chemical, electrochemical and photophysical
properties.
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Figure 1: Dyads assembled on molecular
shuttles.
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[1] Balzani, V.; Credi, A.; Raymo, F. M.;
Stoddart, J. F., Artificial molecular machines.
Angew. Chem. Int. Ed. 2000, 39, (19), 33493391.
[2] Balzani, V.; Gomez-Lopez, M.; Stoddart, J.
F., Molecular machines. Acc. Chem. Res. 1998,
31, (7), 405-414.
[3] Mateo-Alonso, A.; Tagmatarchis, N.; Prato,
M., Fullerenes and their derivatives. In
Nanomaterials Handbook, Gogotsi, Y., Ed.
CRC Press: Boca Raton, FL, 2006.
[4] Mateo-Alonso, A.; Bonifazi, D.; Prato, M.,
Organic Functionalization of [60]Fullerene. In
Carbon Nanotechnology, Dai, L., Ed. Elsevier
B.V.: Amsterdam, 2006.
[5] Da Ros, T.; Guldi, D. M.; Morales, A. F.;
Leigh, D. A.; Prato, M.; Turco, R., Hydrogen
bond-assembled fullerene molecular shuttle.
Org. Lett. 2003, 5, (5), 689-691.
[6] Mateo-Alonso, A.; Prato, M., Synthesis of a
fumaramide templated fullerene-rotaxane.
Tetrahedron 2006, 62, (9), 2003-2007.
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Dye sensiteized solar cells based on ionic
liquid electrolyte with nanoparticles
Mateja Hočevar, Marko Berginc,
Urša Opara Krašovec, Marko Topič
Faculty of Electrical Engineering, University of
Ljubljana, Tržaška 25, Ljubljana, Slovenia

In the last year a dye sensitized solar cell
(DSSC) technology has been recognised as a
promising innovative technology which
manufacturing is based on a cheap screen
printing technology well developed and used in
glass and electronic components industry.
A scientific breakthrough of the DSSC was
cognition that a primary conversion of photon
to electron takes place on an organo-metallic
dye complex bonded to the titanium oxide
layer1. In contrast to conventional solar cells the
absorption and charge separation processes are
separated in DSSC. Using nanocrystalline TiO2
layers increases inner surface area of the DSSC
assuring superior light absorption. The highest
reported efficiency of DSSC is above 10%.
Current topics of the research are to improve
efficiency and stability of the DSSC, as well as
to prove that the automation of the
manufacturing process in baseline is possible.
These topics are also a subject of research in a
project
“Netzwerk:
Farbstoffsolarzellen”
financed by German Ministry of Science and
Education that we are involved in.
Active electrode of DSSC consists of
transparent conductive oxide (TCO) glass
coated with nanoporous TiO2 covered by a
monolayer of the Ruthenium dye. Counter
electrode is a TCO covered with a thin platinum
layer. The gap between the electrodes is filled
with electrolyte containing iodide/iodine (I-/I3-)
redox couple (Fig. 1).
Exchanging volatile electrolytes in DSSC with
non volatile ionic liquids (IL) and their
solidification is one of the main research topics
in order to bring the DSSC technology closer to
the market. In addition, many attempts are
made to solidify the IL based electrolyte either
with an organic and/or organic-inorganic
network or by incorporation of inorganic
nanoparticles.
Herein we report on the electrolyte system
based on 1,3-dialkyl imidazolium IL, iodine
and inorganic nanoparticles developed for
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DSSC
application.
Electrolyte
was
characterised in symmetric cells (TCO-Pt/electrolyte/Pt-TCO) with impedance spectroscopy
and cyclic voltammetry as well as tested in
DSSC. It has been found that solidification of
IL electrolyte with inorganic nano-particles
improves the charge transport in electrolyte and
improves the overall DSSC efficiency for up to
20%. This can be explained with the unique
ordering of the electrolyte structure that is
beneficial for the charge transport in the
electrolyte. Nevertheless, the efficiency of our
best cell based on ionic liquid reached 3.5%.
If the IL electrolyte is used in the DSSC, the
charge transport in the electrolyte is slower and
limits the transport of photogenerated carriers,
resulting in inferior/reduced performance (esp.
short circuit current - jSC) of such solar cell.
However, the charge transport improves at
elevated temperatures, therefore an increase of
the cell temperature during illumination is
expected to be beneficial for solar cell
performance. The temperature of the solar cell
or solar module under 1 sun illumination (1000
W/m2) easily exceeds 55 °C, therefore in
contrast to the conventional silicon solar cells
relatively better performance is expected for
DSSC in real outdoor conditions compared to
the efficiency measured at standard testing
conditions (1 sun, 25 °C).

Figure 1: Schematic presentation of DSSC
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Stability and Electronic Properties of the
Molybdenum Sulfide Fullerenes
A.N. Enyashin, S. Gemming*, G. Seifert
Physical Chemistry, TU Dresden, D-01069, Germany
*Institute of Ion Beam Physics, D-01314 Dresden,
Germany
The aim of our work is to recognize the construction
of the chalcogenide fullerenes (nanooctahedra) obtained
experimentally on example of molybdenum sulphide and
to discover the basic regularities of their stability using
the density-functional tight-binding (DFTB) method.
The MoS2 fullerene can be constructed by introducing
of the square-like defects to a monolayer of the trigonal
prismatic MoS2. Only these defects form a closed surface
with positive curvature and at the same time provide the
stoichiometry MoS2 (Fig. 1a). Using MD simulations we
found, that (MoS2)x nanooctahedra are stable starting
from x ≥ 100 (with diameters > 2.0 nm), but the Mo:S
composition degrades to MoxS2x-12 due to “evaporation”
of two S atoms from each of the six corners. A
considerable distortion of the initial structure is obtained
around the corners, but the fullerenic facets and edges
preserve their integrity (Fig. 1b). This result can be
attributed to the high strain energy in the corners of a
nanooctahedron and explains the absence of small (< 2.0
nm) MoS2 nanooctahedra in the laser ablated soots.

Figure 1: The optimized structure of the (MoS2)576
fullerene degraded to Mo576S1140 (on the left) and the
skeleton Mo576S1140 after an MD simulation at 300 K (on
the right) (DFTB calculations).
We offer two possibilities to explain a stable
octahedral shape of the molybdenum disulfide
nanooctahedra. First, an increasing of the sizes can lead
to the gain of the low strain energy at the corners in the
comparison with the energy of dangling bonds. Second,
one may suppose the existence of the nanooctahedra as
nonstoichiometric particles.
A direct systematic investigation of the first
possibility with quantum mechanical calculations in the
size range of several thousands of atoms is impossible.
Therefore, a phenomenological model for the energetics
and the structural stability of MoS2 particles with
octahedral and spherical structures depending on the
sizes was established and compared with those of MoS2
nanoplatelets (Fig. 2). Single-walled MoS2 hollow
particles were found to be less stable than nanoplatelets
over all range of N. The stability of the multiwalled
particles increases proportionally with the number of
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layers and they are more stable than nanoplatelets at N >
10000 atoms. One can see also the intersections between
the energy curves of the nanooctahedra and the
nanospheres at values of N ~ a few 10000 atoms. Our
calculations in agreement with the experimental
observations show, that multiwall MoS2 nanooctahedra
are an intermediate allotrope between nanoplatelets and
spherical fullerene-like particles, which become stable at
large sizes.

Figure 2: The energies per atom Et/N of MoS2
nanostructures: octahedral and spherical fullerenes with
different number of shells k and triangular nanoplatelets
as a function of size (N - total number of atoms).
Second possibility was investigated with direct DFTB
simulations. In the range of the sizes of a few 100s of
atoms were considered 14 types of the nonstoichiometric
MonSm nanooctahedra and among them were found five
stable. The last can be divided into two groups: (1) cages
with trigonal prismatic MoS6 units and where S atoms
shared with two fullerenic faces, (2) cages with
octahedral coordination of the Mo atoms. The analysis
has shown that the construction of corners or edges plays
a much more important role in the stability of such
fullerenes, than even the presence of atoms with an
unusual atomic coordination in a fullerenic cage.
The electronic density-of-states (DOS) of the
octahedral molybdenum sulfide structures were also
calculated. The DOS profiles of the fullerenes are quite
similar to those of semiconducting MoS2. The general
features of the electronic spectra are the same in all cases
independing on the size and/or stoichiometry of the
particles. In spite of this similarity, all hollow
nanoparticles considered here exhibit metal-like
character. The HOMO-LUMO gap does not exceed a few
0.01 eV. The valence “band” is composed of mixed
4dMo-3pS states. The states around the HOMO and
LUMO are mainly 4dMo states.
We are grateful to German – Israel Foundation (GIF)
and DFG for financial support. We thank Prof. Reshef
Tenne for discussions.
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Due to the potential applications in the field of
environmental protection, the photochemistry
of TiO2 is a fast growing area both in terms of
research and commercial activity1. Recently, it
has also been used as electrode in Li-ion
batteries and supercapacitors. In such
applications, the performance of titanium oxide
could be optimized with specific nanostructural
control over the morphology of the material.
In this study, we synthesize nanostructures of
sodium hydroxo titanate from various
commercial TiO2 precursors with sodium oxide
solution by using soft-chemistry route
(solvothermal). We have optimized the
synthetic parameters by studying the influences
of chemical composition, temperature and basic
concentration on the various morphologies and
structures of the resultant titanium oxo
hydroxides and oxides. Typically, the titanates
are prepared at low temperature (110° C -220°
C), followed by partial exchange of the sodium
ions and removal of excess sodium hydroxide
by washing until pH=11 in ambient, and drying
at 70° C in air. The dimensions and forms of
product crystallite (nanosheet, semi-nanotube,
nanofiber, nanowire or micro-stick) depend on
the nature of precursor (amorphous or
1
A. Mills, S.-K. Lee, Journal of Photochemistry and
Photobiology A: Chemistry 152 (2002) 233–247
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crystallized) and solvothermal treatment
(solution concentration and temperature). After
completely exchange by hydrogen ions in dilute
acid and annealing, we can obtain
nanostructured TiO2 (anatase, TiO2(B) and
rutile) which retain the original morphologies in
their titanate state.
A standard assumption in structural models of
intermediate layered titanates is Na2Ti3O7 or
more probably lepidocrocite types. Using
transmission electron microscopy (TEM) and
X-ray diffraction (XRD) we show that the two
principal sodium titanate structures obtained in
the hydrothermal synthesis are Cs2Ti6O12-type
and ramsdellite-type titanates. The various
Cs2Ti6O12-type products involve nanowire,
nanofiber, semi-nanotube, nanosheet and
nanoribbon; the ramsdellite-type one occurs in
the submicron-stick.
The “Cs2Ti6O12” structure is build up from antiphased layers along b instead of phased layers
in lepidocrocite. Referring to the rock-salt
structure, the nanoribbon structure of
“Cs2Ti6O12” type titanate can be describe as
periodic stacking of three layered sub-lattices,
ie NaO, [Ti]O and TiO, along [010].
NaTi2O5(OH) crystallizes in a monoclinic
system, I2/m space group, with lattice
parameters a = 3.65 Å, b = 17 Å, c = 20 Å, β =
87°. The misfit between NaO and TiO sublattice distances causes the observation of six
satellite peaks on the ED pattern along [001].
The loss of sodium atoms in the NaTi2O5(OH)
nanoribbon and the increasing concentration of
hydroxyl groups produce a lowering of surface
charge that involves a rolling up of the layers to
form semi-nanotube and nanofiber. The
submicrosticks obtained at 220˚ C from small
crystalline and rutile phase precursors has a
rutile derived structure that contains ramsdellite
sub-units built in a lamellar arrangement.
Reciprocal space analysis suggests a
monoclinic symmetry with primitive space
group and lattice parameters: a=40.9Å, b=2.9Å
c=9.4Å, β=80°.
Due to the enhanced surface area to volume
ratio, nanostructured titania gives rise to
singular photocatalytic and electrochemical
behaviour that are significantly different to their
bulk counterparts.
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EELS fine structures on the transition metal
2p edges. Application to the study of
transition metal oxide nanotubes and
nanorods.
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Nowadays, mono-chromatized EELS or CFEG
microscopes
assisted
with
numerical
processing, exhibit upgraded energyresolution
which allows the investigation of the multiplet
structures arising from the strong electronic
correlations at the 2p edges of transition metal
oxides. After a brief survey of EELS
spectroscopy on correlated transition metal
oxides, we will focus on examples concerning
titanium, iron and chromium L2,3 excitations.
First, the electronic structure of iron oxyde
nanorods and titania-based nanotubes, an
important point to gauge their catalytic
properties,
is
investigated
by
EELS
spectroscopy. The results are discussed in terms
of titanium formal valence, of crystal field
splitting, of hybridization between the transition
metal and the ligand anions, and of band gap
values. Measurements on reference specimens,
in combination with calculations based on an
Anderson impurity model and on LDA+U
techniques, are used as a template for the
interpretation of the nanotube and nanorods
excitations.
Secondly, we explore the mineralogy associated
with bacteria grown in presence of the toxic
Cr(VI), a promising way to remediate to
polluted soils and effluents. Here again, the
high spatial resolution of EELS, in combination
with techniques monitoring the bacterial
activities, enables to track the locus of
chromium reduction and to pinpoint the
mechanisms involved in the bacterial metal
resistance.

Fig 1: EELS Fe 2p excitation at various
location of iron oxide nano-rods obtained after
hydrothermal treatment of Fe3O4 nano-particles.
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Nanostructured Titanium Oxide via a PostSynthetic Route of Hydrothermal Treatment
Soon Chang Lee, Jin Bae Lee, Sang Moon Lee
and Hae Jin Kim*
Energy Nano Material Team, Korea Basic Science and
Institute, Daejon 305-333, Korea
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Our interest lies in synthesis of noncarbonaceous nanostructured materials or metal
oxide materials and their application. Earlier
reports on fabrication of inorganic nanotubes
include BN, TiS2, MoS2, TiO2, Al2O3, VOx, and
ZrO2. Titania has attracted considerable
attention because it has great potential for such
applications as catalysis, photocatalysis and
dye-sentsitized solar cells . Extensive research
has been conducted on TiO2 nanoparticles, thin
film, mesoporous and nanotube TiO2. Recently,
nanotubes form TiO2, a nonlayered oxide
structure, have also been synthesized by using
porous anodic alumina or organogel as
templates via a sol-gel process, However, these
nanotubes generally have large diameters, and
their walls are composed nanoparticles. Via a
simple hydrothermal treatment of crystalline
TiO2 particles with NaOH aqueous solutions,
Kasuga et al. Here, we attempt to synthesis of
anatase
TiO2
nanoparticle,
nanotubes,
mesoporous particles and Li4Ti5O12 nanotubes
by post-synthesis of hydrothermal reaction and
electrochemical studies of Li4Ti5O12 .
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Fig 1: HRTEM image (a) and cyclic
voltammogram (b) of Li4Ti5O12 nanotube.
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Recently it has been shown that structures with
a general formula A2TinO2n+1 (n=3, 6 and 8 with
A=Li, Na, K) can reversibly accommodate a
significant amount of lithium [1]. These
materials are built from (Ti3O7)2- layers and at
low alkali metal content (n = 6 to 8), they
exhibit a tunnel structure within which the
alkali ions are located. Na2Ti6O13 crystallizes in
a monoclinic crystalline structure with
continuous tunnel channels along c axis that can
offer a space for accommodation of alkali
metals (Fig. 1).

Figure 1: TEM micrographs of Na2Ti6O13
phase
One possible type of synthesis is a heat
treatment of partially washed (Na,H)-Ti-O
nanotubes. Alternatively, K2Ti6O13 phase can
be prepared by substitution of sodium by
potassium. Structures can accommodate
approximately 0.5 mole of lithium per one
titanium atom corresponds to the partial
reduction of Ti4+ to Ti3+ [3]. Surprisingly,
lithium insertion occurs in several steps that are
several hundredths milivolts lower than
typically encountered for titanium in an
octahedral oxygen environment such as
Li4Ti5O12 [4].
Lithium insertion into Na2Ti6O13 phase includes
three domains corresponding to two solidsolutions and a biphasic transition in the
potential range between 1.5 V and 1.0 V versus

lithium. Substitution of sodium to potassium
changes very slightly the crystal structure, but
these have great impact on the electrochemical
behaviour. The process is very reversible so
that after re-oxidation the structure is
completely preserved (Fig. 2).
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Figure 2: In-situ X-ray diffraction
We estimate that this preliminary study opens
new perspectives in investigation of other
alkali-based titanates as possible candidates for
new negative electrodes in the field of lithium
ion batteries which could be an alternative to
Li4Ti5O12 due to a lower operating voltage.
References:
1) R. Dominko, P. Umek, D. Arcon, R.C.
Korosec, J. Moskon, M. Gaberscek, M. Bele, J.
Jamnik, Abstract No. P-11 Presented at LiBD
Electrode
Materials,
Bordeaux-Arcachon,
France, September 22-27 May (2005).
2) J. Maier, M. Holzinger, W. Sitte, Solid-State
Ionics 74 (1994), p.5.
3) R. Dominko, E. Baudrin, P. Umek, D.
Arcon, M. Gaberscek, J. Jamnik, Electrochem.
Comm. 2006.
4) E. Ferg, R.J. Gummow, A. De Kock, M.M.
Thackeray, Journal of Electrochem. Soc. 141,
(1994), L147.
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The magnetic properties of rare earth-iron
intermetallic alloys in a form of thin films
mainly depend on the crystal structure, size and
the stochiometry of the nano-(micro)composites [1].The amount of deposited
material in the form of amorphous (nonmagnetic) droplets of nano dimensions sets the
upper limit of the film magnetism after the
further annealing and nitriding.
But even without any annealing and nitriding
the coercivity will appear, in droplet-like film
structures, if the crystal (nitride) phase starts to
grow within the amorphous nano-droplet. In
this communication we report that growth of
magnetic nano-crystal islands within the
amorphous phase depends on the target
composition and processing parameters, such as
the background pressure, the energy, the
distance between the substrate and the target.
Sm2Fe17-xTaxN3-σ magnetic nano-droplets were
fabricated in situ in nitrogen background
pressure from Sm13.8Fe82,2Ta4,0 target by pulse
laser deposition using a molecular fluorine laser
at 157 nm [2]. On the contrary, nano-droplets
fabricated from Sm13.8 Fe86,2 target under
similar experimental conditions but in high
vacuum or He background atmosphere were
without further annealing and nitriding nonmagnetic.
By using high resolution transmission electron
microscopy (HRTEM) and vibrating sample
magnetometer (VSM), it was found that the
magnetism of the nano-droplets originated from
Sm2Fe17-xTaxN3-σ crystal dots. The crystals were
5-10 nm wide, encapsulated within ~ 50-100
nm amorphous spherical droplets, Fig. 1 a) and
b). It was found that the crystal phase was
formed during the cooling of the original
amorphous liquid droplets in the plume.
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Figure. 1 A TEM image of a single ~ 62 nm
wide Sm2Fe17-xTaxN3-σ nanodroplet on a Si
substrate sputtered with Ta. Two nano-crystal
islands 15 and 20 nm respectively, were grown
on the top of the Ta film surrounded by the
amorphous material.

Figure 2. A TEM image of clusters of
Sm2Fe17-xTaxN3-σ nanodroplets on a Si
substrate coated with Ta.
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Multilayered magnetic films consisting of
magnetic and nonmagnetic components have
attracted a considerable interest in the last
years, especially because of the many potential
technological applications. Thereby the
multilayer Co-Pt system is especially
interesting because the Pt atoms that are
paramagnetic in the bulk are significantly
polarized close to the Co-Pt interface due to
their large Stoner factor. As a result, the Pt
atoms contribute significantly to any magnetic
property of the system, for instance to the total
magnetization or to the magneto-optical
response. The knowledge of the magnetization
profile in the Pt layer is essential in order to
achieve a controlled spin injection from cobalt
into silicon through a Pt buffer, which prevents
the formation of Co silicide.
A measurement of the layer-resolved induce Pt
moments is difficult. The appropriate
experimental methods, namely the x-ray
magnetic circular dichroism (XMCD), and the
X-ray resonant magnetic scattering both rely
on several assumptions, which are not
necessarily justified for the considered system.
Therefore we applied the density functional
theory and performed an ab-initio calculation
of the magnetization profile and of the XMCD
spectra. The results are in a qualitative
agreement with the experimental data, however
they give rise to some points to be considered in
the interpretation of the measurements.

Reference:
C. Ederer, M. Komelj, M. Faehnle and G.
Schuetz, Phys. Rev. B 66, 094413 (2002).
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It is known for a long time that magnetism and
superconductivity are the two mutually
influencing phenomena. Thus, stoichiometric
La2CuO4 compound is the 3D antiferromagnet
(AF) below TN ~ 325 K. The mobile holes that
are introduced by means of Sr or excess oxygen
doping in order to obtain superconducting
material rapidly destroy the long-range AF
order. Another clear moment is that the local
concentration of doped Sr is obviously not a
homogeneous value. For La2CuO4+y within the
so-called miscibility gap 0.011 < y < 0.06 the
macroscopic phase separation into the oxygenpoor and superconducting oxygen-rich phases
takes place. The inhomogeneity thus is the
intrinsic property of the cuprate-based hightemperature superconductors.
We have studied the magnetic properties of the
stoichiometric La2CuO4 fine grains. The
polycrystalline sample of La2CuO4 was
prepared by a solid-state reaction using La2O3
and CuO of a minimum purity of 99.99 %.
Phase purity of the sample was checked with xray diffractometer. The samples were
stoichiometric with TN = 325 K. The series of a
different grain size powders was prepared by
means of grinding in dry isopropanol followed
by the successive sedimentation. The obtained
samples had the mean grain sizes 0.2, 0.7, 1.5
and 4.0 mm. The magnetic properties were
measured with a commercial MPMS-5 SQUID
magnetometer.
We have found that the magnetism of the
grinded material is dominated by the grain-size
dependent ferromagnetic term. The magnitude
of this saturating in the field of ~ 4000 Oe in
the temperature range 5 – 350 K was found to
be proportional to 1/<d> value, where <d> is a
mean sample grain size. This allows us to
assign unambiguously this ferromagnetic
component to the grain surface. The repeated
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annealing in the conditions as described above
has destroyed this magnetism only partially, by
~40% of the initial magnitude.
The linear magnetization term also exceeds
notably the values observed for the bulk
La2CuO4. This excess term has a paramagnetic
~1/T character; it also arises from the grain
surface and can be assigned to the surface Cu2+
defects that in fact have been observed by EPR.
The magnetization curves are the same for all
the samples differing only in the magnitude.
The value of the saturated magnetic moment
decreases roughly linearly with the temperature
increase and drops by ~40% within the range 5
– 350 K. The initial slope of the magnetization
curve almost does not depend on temperature.
The hysteresis loops are observed with the
remnant moment and coercive field decreasing
gradually with temperature increase. The
remnant moment relaxes slowly at 30 K
following ln t law revealing the distribution of
the energy barriers characteristic for the
anisotropic
ferromagnetic
single-domain
particles. Observation of such a relaxation and
open hysteresis loop at 350 K on the time scale
of 100 s allows us to estimate the energy barrier
distribution of at least 500 – 10000 cm-1. The
total value of the saturated surface moment
(~10-2 emu/g for the smallest grain sample) is
nevertheless rather small. It allows us to
propose that the ferromagnetic surface clusters
are
morphologically
island-like.
The
observation of the quantitatively similar
magnetization curves for all the samples with
the sizes of 0.2 – 4 µm supports this proposal.
Our observations are important for the physics
and production of the nanometer-sized
electronic devices based on cuprates: e.g. the
existence of the magnetic clusters on the
surface can prevent the thin film to become
superconducting. It can also naturally explain
some currently discussed results like the
thermomagnetic hysteresis of the La2-xSrxCuO4
[1] which could arise from the intrinsic
inhomogeneities of the material.
[1] C. Panagopoulos et al, Phys. Rev. Lett.
96, 047002 (2006)
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New EU 7th framework programme and
Slovenia
Bojan Jenko
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On behalf of the European Commission, the
commissioner for research Mr. Potočnik,
presented on 6 April 2005, a first proposal for
the 7th Framework Programme of the EU
research activities for the period 2007-2013.
Doubling of the annual budget was proposed by
the EC. Up to now, the framework programmes
have been of 5 years duration.
The proposal of the FP7 is in the codecision
procedure in the Council and in the European
Parliament, with several ammendments and
corrections. Slovenia has been very active in
this intergovermental procedure. According to
the New Financial Perspective the EC proposal
for the FP7 budget was reduced by 30%, i.e. to
50,5 billion euro in total. The first calls are
planned to be lounched at the beginning of the
next year.
Although the FP7 is a continuation of the FP6,
it introduces several new items and features.
Two new "axis" have been added to the
previous scheme, namely: basic research as
Ideas and Technology initiatives. The basic
research item is planned to be directed by the
newly established European Research Council
(ERC). The technology initiatives item (i.e.
European Technology Platforms (ETPs) and the
envisaged Joint Technology Initiatives (JTIs)
are particularly relevant for industrial research)
originates from the FP6 Technology platforms.
Usual research activities are grouped under
Collaborative research umbrella which
incorporates 10 thematic areas including
Nanosciences, Nanotechnologies, Materials
and new Production Technologies (NMP) as
Thematic area 4 and Information and
Communication
Technologies
(ICT)
as
Thematic area 3. Work programmes defining
detailed work plan for each thematic area are
under preparation in autumn 2006.
Slovenia has been relatively successful in 5th
and 6th Framework programmes.
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Molecular Qubits as Building Blocks for a
Quantum Computer
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Quantum computing offers the potential for
utterly new information and communication
technology. It will not just be a bit better; it will
be radically different and make possible certain
applications that are simply impossible with
digital information. Whereas classical digital
information comes in bits, each of which is
either a 0 or a 1, quantum information comes in
qubits. Although it sounds weird, qubits can be
both a 0 and 1 at the same time. Weirder still,
qubits can be entangled. If you separate them,
they still seem to know what is happening to
one another as if by magic, so that
measurements that you make on them are
correlated in ways that cannot be explained by
classical physical laws. How this can be was a
subject of much philosophical debate in the
early days of quantum mechanics; we are now
being forced to understand it anew because it
will become the basis of a technology.
Quantum computers will render current public
key cryptography obsolete, and will make
possible quantum simulations for applications
from materials physics to medicine.

(Courtesy of Dr Simon Benjamin,
www.nanotech.org)
Of the many schemes proposed for quantum
computing, most of those in the solid state use
nanostructures in which there are well-defined
states with long coherence times.[1] Candidates
include a variety of carbon nanomaterials, in
which the qubit can be embodied in excitons or
electric charge or spin.[2] It may be that more
than one of these should be used, and a recent
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scheme uses excitons to control the interaction
between single electron spins in adjacent
regions of quantum confinement.[3] Such
schemes can also be applied to compound
semiconductor nanomaterials. The endohedral
fullerenes are a versatile family of molecular
materials, whose electron spin distributions are
becoming well characterized and understood.[4]
Their chemistry can be controlled, and the
endohedral species can be optically excited
directly. Endohedral fullerenes have been
demonstrated to have spin coherence times of
up to 0.25 ms.[5] The electron spin in N@C60
can be manipulated with exquisite precision,
using pulse sequences borrowed from NMR. A
qubit on the nuclear spin can be manipulated
with a fast phase gate, and can be decoupled
from the environment by trapping it in closed
cycles on the Bloch sphere.[6] Molecularly selfassembling materials offer the potential of
reproducibility without requiring individual
tuning.[7] One-dimensional arrays can be
formed in single-walled carbon nanotubes;
these can provide both structural support and
controlled interactions, and their electronic
structure can be externally modulated. The
supporting nanotube offers scope for
entanglement between static and flying electron
spin qubits,[8] and a means for filtering spins
for sources and for measurement. It is still too
early to say which, if any, of the competing
technologies will eventually be used to build a
quantum computer, and there is plenty of scope
for evaluating the quantum properties of carbon
nanomaterials.
[1] Nanoscale solid-state quantum computing. Phil.
Trans. R. Soc. Lond. A 361, 1473-1485 (2003).
[2] Towards a fullerene-based quantum computer. J.
Phys.: Condens. Matter 18, S867-S883 (2006).
[3] Selective spin coupling through a single exciton.
Phys. Rev. Lett. 93, 150502 (2004).
[4] Hyperfine structure of Sc@C82 from ESR and DFT.
Nanotechnology 16, 2469-2473 (2005).
[5] High fidelity single qubit operations using pulsed
electron paramagnetic resonance. Phys. Rev. Lett. 95,
200501 (2005).
[6] Bang-bang control of fullerene qubits using ultra-fast
phase gates. Nature Physics 2, 40-43 (2006).
[7] Observation of ordered phases of fullerene in carbon
nanotubes. Phys. Rev. Lett. 92, 245507 (2004).
[8] Entanglement between static and flying qubits in a
semiconducting carbon nanotube. J. Phys.: Condens.
Matter 18, S851-S866 (2006).
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Spins in nanostructures and the challenge of
quantum computation
John Jefferson
QinetiQ.

The realisation of a quantum computer in the
solid-state presents a formidable grand
challenge which is stimulating ever-increasing
research activity covering a wide range of
scientific disciplines. Spins as qubits are
particularly attractive as a natural two-state
system with prospects for long coherence times
and ultimate integration into more conventional
electronic systems. Although the basic
underling ideas are relatively straightforward, it
is by no means clear which, if any, of the rival
technologies will ultimately be feasible. In this
talk I will first outline the basic principles
underlying spin-qubit quantum gates and the
transfer of quantum information and then
discuss the problems which need to be
overcome in order to realise practical devices
and the associated theoretical challenges,
focussing on nanostructures based on gated
semiconductor
quantum
wells, carbon
nanotubes and fullerenes. In particular, I will
describe recent ideas on the exchange of
quantum information and entanglement
generation between bound and propagating
electrons in such structures.
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Conductance of molecules with center of
mass motion
J. Mravlje1, A. Ramšak2,1, and T. Rejec2,1,3
1

2

Jožef Stefan Institute, Ljubljana, Slovenia
Faculty of Mathematics and Physics, University of
Ljubljana, Slovenia
3
Ben-Gurion University, Beer-Sheva, Israel

In the measurements of conductance of
molecular transistors a peak at zero bias is seen
due to the Kondo effect in the region where
conductance would otherwise be suppressed
due to Coulomb blockade. Although the Kondo
effect in molecules remains visible also at
elevated temperatures up to 300K (depending
on the molecule as well as the contacts used), it
is seen only in fraction ~5% of produced
devices. Moreover, in some devices the Kondo
peak disappears during measurement. Here we
theoretically discuss the possibility that the
fragility of the observed conductance peak
might be related to the center-of-mass motion,
in particular to the development of the soft
mode, which occurs for large enough values of
the coupling to the center-of-mass mode.

Figure 1: Large enough coupling to the centerof-mass vibrational mode g>gc supresses the
conductance (red) when compared to the case
of moderate coupling (dashed).
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Molecular Order and Electron Transport
Characterisation of Nanografted Structures
Using Conductive Tip AFM
D. Scaini1,2, J. Liang4, M. Castronovo1,2,
M. dell'Angela2, S. de Franceschi5,
L. Casalis1, G. Scoles1,3,4
1

Sincrotrone Trieste, Trieste, Italy
Dipartimento di Fisica, Universita’ di Trieste, Trieste,
Italy
3
Scuola Superiore di Studi Avanzati (SISSA), Trieste,
Italy
4
Princeton University, Chemistry Department, Princeton
, NJ
5
TASC-INFM, Trieste, Italy
2

Conductive Tip AFM (CT-AFM) is commonly
used for electrical characterization of organic
and inorganic surface systems. Understanding
electron transfer at the molecular level may lead
to the development of molecular assemblies
with unique properties and is of great
importance for the advancement of organic,
molecular and bio-electronics.
In this work we follow an approach to study
Metal-molecule-Metal surface junctions that
uses a combination of different AFM-based
techniques. We first use Nanografting to build
nanopatches of the molecules of interest into a
hosting reference self assembled monolayer
(SAM) typically made of alkanethiols. After
changing the tip for a conductive one, CT-AFM
is used to electrically characterize the whole
system, simultaneously also recording the
system topography. The advantages of this
approach include the possibility to build and
study a wide range of different monolayers
side-by-side on the same sample and the in-situ
control of the quality both of the hosting
monolayer and of the grafted patches. Results
will be presented on saturated and unsaturated
thiols self-assembled and nanografted on
Au(111) surfaces. We will also show a clear
correlation between the contrast in current
images and the quality of molecular packing
inside the nanopatches.

Figure 1: CT-AFM current image of a 200x200
nm2 1-Decanethiol patch nanografted into a 1Octadecanethiol
matrix.
Brighter
areas
correspond to higher currents.
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Redox Metalloproteins: Good Candidates for
Biomolecular Electronics
Paolo Facci
National Centre “nanStructures and bioSystems at
Surfaces – S3” of CNR-INFM, Modena, Italy

Redox metalloproteins are biomolecules whose
physiological task consists in shuttling electrons
in between molecular partners, being involved
in almost all the most important biological
mechanisms
such
as
respiration,
photosynthesis, enzymatic reactions, etc. Blue
copper proteins, belong to a special family of
redox metalloproteins containing a Cu ion in
the molecular active site which is able to
change reversibly its oxidation state, being thus
at the basis of the electron transfer properties of
these biomolecules. Among blue copper
proteins, azurin from Peudomonas aeruginosa
has been the subject of an intense investigation
over the last decade, aimed at understanding
and, possibly, exploiting its single-molecule
electron transport properties [1]. Scanning
tunnelling microscopy with electrochemical
control has enabled the study of the role of the
molecular redox electronic levels in assisting
electron flow via azurin. Particularly the role of
the specific metal ion in the protein active site
has been elucidated [2] figure 1, and, more
recently, the mechanisms ruling the electron
transfer reaction for a molecule in between two
metal leads has been unravelled to a good
extent [3]. These results have fostered the
attempt of demonstrating useful electronic
functionality based on these molecules. The
first single metalloprotein transistor operating
in wet environment has been demonstrated
along with interesting novel planar nanodevices
[4,].
The future of metalloprotein-based Electronics
will depend strongly on the development of
innovative analytical tools (e.g. EC-AFM) [5]
for a more refined understanding of the
mechanisms of molecular electron transport as
well as on that of reliable nanoelectrode
systems [6] to implement solid-state and hybrid,
liquid-based protein nanodevices.
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Figure 1: EC-STM image of a mixture of
Cu- (brighter spots) and Zn-azurin molecules
(darker spots) chemisorbed on gold.
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Nonlinearity and Charge-Transport
Properties of
Mo-S-I Nanowires

Abstract N° 24

sensitive to strain, making this material very
suitable for strain gauges. Doping with Li reduces
mainly the lateral lattice constant and causes a
strong increase in the lateral conductivity.

I. Vilfan
J. Stefan Institute, Ljubljana, Slovenia

The
molybdenum
chalcogenide
nanowires,
combined with I (Mo-S-I) represent an inorganic
alternative to carbon nanotubes. They are composed
of Mo6 octahedra, each dressed with 6 anions (S or
I) and linked into linear chains with three bridging S
atoms (Fig. 1). With ongoing research we discover
more and more different fascinating properties of
these inorganic nanowires. In this contribution we
report on the DFT calculations of nonlinear elastic
properties and on the effect of this nonlinearity on
the charge transport properties. Furthermore we
explain the effect of doping with Li on the charge
transport properties.
The structure of a Mo6S3I6 chain is shown in Fig.
1. Upon longitudinal strain, the Mo-S-Mo bridges
have two energy minima, Fig. 2. As a consequence,
the stress-strain behaviour is strongly nonlinear, the
chain first elongates upon stress, but then it jumps
into the second, stretched configuration. The
nonlinearity is reflected also in the charge-carrier
transport, see Fig. 3. Upon stretching, the distance
between the bridging S and neighbouring chains
increases and consequently the lateral conductivity
decreases. On the other hand, the longitudinal
conductivity first increases, mainly because the MoS distance decreases upon stretching. Of course,
beyond the second energy minimum the Mo-S and
in particular the distance between Mo atoms in the
same octahedron increase and the longitudinal
conductivity drops rapidly.
We investigated also the effect of doping with Li
on the charge-carrier transport. The analysis was
done on Mo6S6 chains where doping with 3 Li
atoms leads to a very stable compound with Li
atoms occupying high-symmetry positions between
the Mo6S6 chains. Surprisingly, the lattice constants
decrease upon doping, ∆a/a = - 19%, ∆c/c = - 3%.
The Li atoms act as donors, they raise the Fermi
energy, but they do not contribute to the density of
electron states at the Fermi energy. Their effect on
the bandstructure is indirect, via the change in the
lattice constants, which have a strong effect on the
bandstructure. Because of the very strong
contraction in the lateral direction, x increases
upon doping by more than one order of magnitude
whereas z remains almost the same.
To conclude, the conductivity involves Mo
octahedra and bridging S atoms and is extremely

Figure 1: “Side” view on the primitive cell of the
Mo6S3I6 nanowire. (Light: S, medium: Mo, dark: I).
Clearly seen are very flexible Mo-S-Mo bridges
which upon longitudinal stress deform like an
accordion.

Figure 2: Longitudinal-strain dependence of the
binding energy per primitive cell of Mo6S3I6. The
two minima correspond to short and long Mo-S-Mo
bridge configurations. The straight line indicates the
critical stress when the wire jumps between the two
configurations.

Figure 3: Longitudinal-strain dependence of
the lon-gitudinal (z) and transverse (x) static
conductivities.
The
scattering
lifetimes
correspond to the damping of 0.1 eV.
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Multifunctional Carbon-based
Nanostructured Materials: Azafullerenes,
Nanotubes and Nanohorns
Nikos Tagmatarchis
Theoretical and Physical Chemistry Institute, National
Hellenic Research Foundation, Vas. Constantinou 48
Avenue, Athens 116 35, Greece)

Carbon-based nanostructured materials such as
azafullerenes, nanotubes and nanohorns attract
the focus of considerable research and scientific
interest. This is because each of them can be
differently used as a probe to address the role of
dimensionality and confinement in materials at
the nanometer scale.
Azafullerenes are derived upon substitution of a
carbon atom with nitrogen, in fullerene spheres.
Since nitrogen possesses one extra electron as
compared with carbon, azafullerenes are
considered as molecular metals. In the parent
hydroazafullerene C59HN, the highly acidic
hydrogen can be easily removed either in the
solid-state or in solution, thermally or
photochemically.
The
generation
of
•
azafullerenyl radical C59N opens the way for
the construction of a plethora of azafullerene
derivatives for diverse purposes.
Nanotubes as 1-D molecular wires possessing
delocalized π-electrons, exhibit unusual
electronic,
mechanical
and
adsorptive
properties, while showing high electron
mobility. Polyelectrolytic blocks combined with
nanotubes assist high dispersion in aqueous
media. Moreover, such polyelectrolytenanotube hybrids act as templates for the in-situ
formation of monodispersed nanoparticles at
the ionic sites generating novel nanostructures
potentially useful for managing charge-transfer
processes in photochemical cells for water
splitting and reduction of CO2 to fuels.
Nanohorns present features similar to the ones
of fullerenes (at sites near the conical-shaped
tip) and nanotubes (at sites located away from
the conical tip). However, nanohorns are
morphologically different from nanotubes as
they i) possess a conical-shaped tip, ii) are
much shorter in length, and iii) aggregate in
spherical superstructures. Moreover, nanohorns
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accept electrons and more importantly, can
readily diffuse them along the cone main axis,
with almost negligible loss of energy.
Therefore, nanohorns can be utilized as
electron-acceptors towards the formation of
miniature hybrid materials with organic
electron-donors, for managing electron-transfer
processes in the nanometer scale.
Recent advances on the construction of novel
carbon-based nanoarchitectures that exhibit
intriguing charge-transfer properties will be
presented. Motifs for the realization of these
nanoensembles, utilizing either covalent or noncovalent interactions such as supramolecular
π−π
stacking
and/or
complementary
electrostatic interactions will be described.

Azafullerenyl radical

Carbon nanotube

Carbon nanohorns
Financial support by the European Heads of
Research Councils (EUROHORCs) in
collaboration with the European Science
Foundation (ESF) through the European Young
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New Developments in Piezoelectric
Nanotubes and Nanowires for Microfluidics
and Nano-Electronics
J. F. Scott
Cambridge University

I report several new prototype devices, mostly
unpublished results arising from a collaborative
research program between Cambridge and
Belfast (J. M. Gregg et al.). I will show nanoscale [3D] structures (rings, tubes, toroids) as
small as 5 nm in inside diameter prepared both
by deposition of PZT and/or BaTiO3 into
nanoporous Si and alternatively by focussed ion
beam (FIB) techniques. I will illustrate electron
micrographs (SEM and TEM) of the domains in
these and related systems, including electron
holography results of Rafal Dunin-Borkowski
and Richard Harrison on magnetic toroidal
nano-domain structures in Ti-substituted
ilmenite.
Catalan and I have developed a theory of
domain widths w for 180-degree stripe domains
as a function of film thickness d, which is an
extension of the Kittel 1946 theory; we find for
a wide variety of ferroelectrics (PbTiO3,
BaTiO3, PZT, Rochelle Salt) and ferromagnets
(Ni, Co, etc.) that w-squared/(dD) = 2.455 f,
where D is the domain wall thickness and f is
the square root of the dielectric anisotropy. The
parameter 2.455 is an exact number = (2/21) picubed/zeta(3), where zeta(3) is the cubic
Riemann zeta function. This theory has
important implications for optimization of
periodically-poled ferroelectrics for nonlinear
optics. Finally, I present results on our newest
results on two tera-bit ferroelectric nanoarrays: The first has 300 Gbit/sq. in. of 30-nm
diameter Pt nanowires terminated with PZT or
BaTiO3 capacitors and exhibits excellent
switching hysteresis; this is by far the highest
density hard-wired ferroelectric array reported.
The second is a registered array of carbon
nanotubes terminated with PZT capacitors,
analogous to the Si3N4 capacitor array on
carbon nanotubes reported by Jang et al. (Appl.
Phys. Lett.87, 263103 (2005)).
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Charged Particles on a Two-Dimensional
Lattice Subject to Anisotropic Short Range
Attractive Interactions
T. Mertelj2,1, V.V. Kabanov1, and D.
Mihailovic1,2
1

Jozef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
2
Faculty of Mathematics and Physics, University of
Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia

The properties of a system of charged particles
on a 2D square lattice, subject to an anisotropic
short range attractive interaction and 3D
Coulomb repulsion are investigated. Without
Coulomb interaction, the system displays a
phase transition of first order when the
temperature is decreased. When the long range
Coulomb interaction is included, Monte Carlo
simulations show that the system displays very
diverse mesoscopic textures, ranging from
spatially disordered pairs to ordered arrays of
stripes, or charged clusters, depending only on
the ratio of the two interactions (and the particle
density). Remarkably, charged objects with
even numbers of particles are more stable than
with odd numbers of particles. We suggest that
the diverse functional behaviour observed in
some complex oxides can be thought to arise
from the self-organization of this type.

Figure 1: The density dependence of the
cluster-size distribution function xj for a few
smallest cluster sizes as a function of the
average density at the temperature t = 0.14. The
regions of densities where pairs prevail are
shadowed.
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EXAFS analysis of the B-site ion
displacement in SrTiO3
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It turns out that EXAFS cannot distinguish
between different Ti displacement vectors, so
the basic ambiguity remains. However, the
magnitude of the Ti ion displacement is
determined with considerable reliability as
0.08(1) Ǻ at 300 K, and 0.072(4) Ǻ at 84 K, in
accord with the NMR finding of displacements
persisting above Tc. The obtained value of
13(10)% for the additional focusing of linear
Ti-O-Ti paths points to a tendency of the
alternating displacements in adjacent Ti ions.
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The ferroelastic phase transition at 105 K in
SrTiO3 has generated some controversy over its
type. Recent NMR studies performed in
BaTiO3, SrTiO3, and SrTi18O3 support the
existence of dynamic disorder of the Ti ions in
the cubic paraelectric phase. However, the
ambiguity whether the observed tetragonal
distortions are of the displacive type with static
Ti displacements along the <100> directions or
of the order-disorder type with biased averaging
among the <111> displacements, could not be
resolved. The question can be settled by
EXAFS which, for its fast dynamics, represents
a momentary snapshot of the ion positions. The
two types of the transition require the
displacements of the Ti ions in (100) and (111)
direction, respectively.
High quality Ti and Sr K-edge EXAFS
spectra of SrTiO3 and 18O-enriched SrTiO3
powders at room temperature and 80 K were
measured at ELETTRA BL 11.1 beamline.
Double-crystal Si(111) monochromator with
0.8 eV resolution at the Ti K-edge (4966 eV)
was used. Several runs of each spectrum were
superposed to improve the signal-to-noise ratio.
In the analysis with the IFEFFIT code, the
FEFF6 model is calculated from the cubic
SrTiO3 structure, including all scattering paths
within 4 Å. Split neighbor shells are introduced
to allow for possible shifts of the Ti atom
within its octahedron of O atoms. In a multiedge best-fit calculation involving quartets of
Ti and Sr EXAFS spectra at the two
temperature points, experimental data within
the k-space interval up to 16 Å-1 are reproduced
with the quality-of-fit r-factor of 0.008.
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Figure 1. Best fit of Ti K-edge EXAFS of
SrTiO3 at 84 K, using k-interval of [5.5 Ǻ-1 ..
16.0 Ǻ-1] and k3 weight.
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Transparent TiO2-anatase thin films are
hydrophilic
self-cleaning
coatings,
photocatalytically active in the UV. The
photocatalysis process has proven effective in
the complete mineralization of organic
compounds (pesticides, dyes, detergents) in
sunlight, which is relevant in the environmental
application. Photoefficiency of films relies on
the high contact surface area and
nanocrystalline structure. The sol-gel technique
has emerged as one of the most promising
techniques for growing TiO2 thin films as the
film structure and morphology can be well
tailored through the variation of the sol-gel
processing conditions. In the low-temperature
preparation methods it is necessary to promote
crystallization as early as during the formation
of the sol, which can be achieved by subsequent
refluxing of the dipping. Calcination of the
films at the temperatures about 100 oC is the
final route to induce nanocrytalline anatase
phase.
The basic characterisation of the coatings was
performed by using X-ray diffraction (XRD)
and atomic force microscopy (AFM), which
confirmed the presence of nanocrystalline
anatase particles. The photocatalytic activity of
the films towards degradation of photostable
dye in aqueous solution was followed in-situ by
the UV-VIS spectrophotometer coupled with
the continuous flow reactor. Pure TiO2 films
show good photocatalytic activity.
Crystalline structure of titania sites in prepared
materials were investigated by XRD, but this
techique cannot detect the presence of
amorphous or small nanocrystalline phases in
the samples. For that purpose, we used X-ray
absorption spectroscopy techniques: EXAFS
(Extended X-ray Absorption Fine Structure)
and XANES (Extended X-ray Absorption NearEdge Structure). We analysed the local
structure around Ti atoms in the films obtained

High quality films, consisting of a pure
nanocrystalline anatase phase, which can
provide most effective self-cleaning and
photocatalytic properties, can therefore be
prepared by increasing the time of refluxing of
the sol and by additional calcination of the
films.
anatase
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from the sol, progressively treated at different
refluxing times and dried at different
temperatures. The analyses of EXAFS spectra
(Fig. 1) reveal the presence of an amorphous
titania phase beside crystalline anatase in the
films. The amount of the amorphous phase
decreases with progressive treatment of the sol.
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EXAFS analysis of nanostructure growth of
TiO2 anatase self-cleaning films
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Figure 1: The comparison of Fourier transform
amplitudes of k3-weighted titania K-edge
EXAFS spectra of films obtained from the sol
treated for different refluxing times (0h, 8h and
48h) and dried at room temperature or
calcinated at 110°C.
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Vacancies in carbon and boron nitride:
Clustering, diffusion and observation
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Experimental interpretation is supported by a
theoretical study of the structure, electronics
and energetics of point defects and vacancy
lines. We show a marked incremental decrease
in the vacancy formation energy at a dislocation
as the line length increases. The resultant
structures are in a good agreement with our
microscopic observations. In this case the
divacancy is the predominantly formed vacancy
species. The electronics of the systems indicate
the appearance of additional electronic states in
the band gap, which suggests irradiation may be
a way to intrinsically dope nanotubes.

Chemistry Department, University of Sussex, Falmer,
Brighton, BN1 9QJ, UK
5

University of Ain-Shams, Education Faculty,
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The behaviour of point and line defects in
carbon nanotubes is significantly different to
that of three-dimensional crystalline solids such
as diamond. Since their discovery in 1991,
carbon nanotubes have been the subject of
extensive research, but we are only beginning
to understand the importance of their defects
and impurities.
A standard assumption in models of defect
aggregation is that the free energy decreases
monotonically as defects approach one another.
Using first principles total energy calculations
we show directly that this assumption is invalid
for carbon materials, and indirectly for
isoelectronic first row compounds. Defects
which give rise to undercoordinated atoms are
found to have an important metastable
minimum as a pair at third neighbour, where
these atoms rehybridise (from sp2 to sp in the
case of graphite, sp3 to sp2 in the case of
diamond). Other minima exist at further odd
neighbour separations, but we show explicitly
for the third neighbour that it is long-lived, and
can be observed directly via electron
microscopy. We use vacancies in graphite and
carbon nanotubes to demonstrate this.
Vacancy behaviour in BN can be significantly
different to that in carbon sheet materials. We
investigate by transmission electron microscopy
the evolution under electron irradiation of
single walled boron nitride nanotubes.

Figure 1: Structure of 3rd neighbour metastable
divacancy V2* in graphite (bond lengths in
Angstroms, angles in degrees). Structure is
anomolously stable due to the rehybridised
triple bond at the defect core.

Figure 2: The red line in (a) represents the most

energetically favourable dislocation path. The
graph shows formation energies of single
vacancies on the path of the dislocation line.
The formation energies are reduced drastically
compared to those of isolated vacancies; indeed
vacancy formation becomes exothermic for odd
alternate
atom
removal
after
N2.
A. Zobelli et al, Nanoletters (ASAP) (2006).
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The interaction between NO2 and SWCNTs:
the role of metal contacts
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Recently, gas adsorption on carbon nanotubes (CNTs) is
recognized as an important issue for both fundamental
research and applications of nanotubes. In particular, the
effects of gas adsorption on the electronic properties of
CNTs have been intensively studied both experimentally
[1-3] and theoretically [4-8]. The electronic and transport
properties of CNTs were found to be sensitive to
adsorption of selective gases, indicating the possibility of
developing nanotube-based chemical sensors or
nanoelectronic devices using CNTs doped by gas
adsorption.
The possible use of CNTs for the detection of toxic gas
molecules, and in particular of nitrogen dioxide NO2, has
generated a strong interest because of its importance in
environmental pollution. In general the mechanism which
regulates the response of CNTs to adsorbed NO2 is
identified in the electron charge transfer from
semiconducting CNTs to the oxidising molecules [4-9].
Such doping increases the hole carrier density in p-type
tubes, enhancing the overall conductivity of the sample.
However, what is still under debate is if there is at all the
possibility to adsorb NO2 on CNTs at temperatures of the
order of 300 K, at which the sensors usually operate. In
fact, the calculated tube-molecule interaction shows
typical characteristics of van der Waals interactions with
adsorption energy compatible only with a weak
physisorption. In order to reconcile the minute NO2
adsorption energy with the room temperature sensitivity
exhibited by CNT-based sensors exposed to the gas,
several scenarios have been outlined [8-9]. Very recently,
the role of metal catalyser particles present in the CNTs
[3] and of the metal-nanotube contacts have been
recognised [10]. They cannot be neglected when
explaining the undoubted sensitivity of the CNT-based
sensors, expecially in a temperature regime where the
low adsorption energy completely hampers the direct
tube-molecule interaction.
In this study we prove that at room temperature the
interaction of the gas molecules with metal contacts play
a nearly exclusive role in determining the conductivity
variation of CNTs exposed to NO2 because, at
temperature above 200 K, there is no chemical
interaction between nitrogen dioxide and graphene foils.
We used high-resolution x-ray photoemission
spectroscopy (XPS) to follow the adsorption of NO2 on
single-walled CNTs (SWCNTs) [3], and highly oriented
pyrolitic graphite (HOPG) at different temperatures. In
performing this experiment, a particular care was
dedicated to eliminate any detectable residual of the
metal catalyst present in the as-received nanotube
sample. Moreover the use of a free standing SWCNT mat
without any substrate, and the possibility to directly
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reveal by XPS the presence and the nature of species
adsorbed on the C nanotubes permitted us to distinguish
the contribution due to the NO2/CNT interface from the
contribution of the NO2 adsorption on the metal-CNT
junction.
We found that, below 200 K, NO2 does adsorb and partly
dissociates on the surface of both SWCNTs and HOPG
samples, and that the adspecies withdraw charge in a
comparable manner from the curved and flat C lattices.
For T ≥ 200 K, there is no NO2 physisorption on -and
therefore no interaction with- SWCNTs. This exclude the
possibility that any tube-molecule charge transfer
influencing the CNT conductivity takes place above this
temperature. However at 200 K, in the presence of Rh
nanoclusters dispersed among the SWCNT bundles,
exposure to NO2 changes the energy level alignment at
the Rh-SWCNT contacts simulating a hole doping of the
nanotubes [11]. This effect seems to be at the base of the
sensitivity of CNT-based devices exposed to NO2 at
room temperature. The attribution of the gas adsorption
response to the interaction of NO2 with the metal in
contact with the C nanotubes rather then directly with
CNTs does not diminish the evidence that the whole
system (nanotubes + metal) is sensitive to gas exposure
and that it still possesses interesting technological
applications [12,13].
References:
[1] Kong, J.; Franklin, N. R.; Zhou, C. W.; Chapline, M.
G.; Peng, S.; Dai, H. J. Science 2000, 287, 622.
[2] Collins, P. G.; Bradley, K.; Ishigami, M.; Zettl, A.
Science 2000, 287, 1801.
[3] Goldoni, A.; Larciprete, R.; Petaccia, L.; Lizzit, S. J.
Amer. Chem. Soc. 2003, 125, 11329; Goldoni, A.;
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butanol the polar head groups, which bind only
weakly to the solvent molecules, try to bind to
each other disrupting the local order at the
interface. In the presence of water the polar
head groups bind preferentially to the solvent
that, in turn, mediates the release of the surface
strain (figure 1).
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Exchanges of matter, energy and information
between living cells and an external medium
necessarily take place through membranes,
whose structure therefore plays a decisive role.
We have chosen self assembled monolayers
(SAMs) of hydroxyl terminated alkylthiols
(HS-(CH2)11-OH or C11OH) as a membrane
model system since these consist of
hydrophobic chains with a polar head group,
just like biological membranes.
We have used an Atomic Force Microscope
(AFM) to measure the resistance to tip
penetration of these membrane like systems in
the presence of two different solvents: 2butanol and water. All the measurements were
taken differentially, using as a reference the
penetration resistance of 100 nm sized
nanopatches of hydrophobic alkanethiols (HS(CH2)17-CH3
or
C18)
produced
by
Nanografting. In contrast to the hydrophobic
patches, the penetration resistance in the
hydrophilic SAM is a function of the nature of
the solvent: The mechanical resistance in
presence of water is much higher than in the
case of 2-butanol. A possible interpretation is
that the water molecules can mediate the
interaction between the dipoles of the alcoholic
chain head-groups, thus forming a more ordered
phase at the interface and relaxing its surface
strain.
Molecular dynamics simulations of HS(CH2)11-OH SAMs support this hypothesis
since they indicate that in the presence of 2-

Figure 1. In the presence of 2-butanol the
alcoholic interface of the C11OH is highly
disordered, while water leads to an
improvement of the hexagonal symmetry of the
SAM. The release of the surface strain causes
mechanical stabilization of the SAM.
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It has been shown that only a few organic
monolayers are sufficient for proper organic
thin film transistor (OTFT) operation [1]. It is
therefore important to monitor the evolution of
electric charge transport during the initial stages
of organic thin film growth. We have
performed electric charge current between the
source and the drain contact in OTFT’s in-situ,
during the growth of organic layer. Our results
show that the onset of electric current
conductance is delayed until a first molecular
layer is completed.
Heavily doped silicon wafers cowered with
thermally grown silicon dioxide were used as
substrates. Metallic contacts were fabricated
using thermal evaporation and optical
lithography. Device channel length was 5 µm
and the channel width was 10 mm. To improve
the organic layer morphology we treated the
surface with HMDS before evaporating the
organic layer. We used pentacene as an active
layer due to its proven record-high charge
mobility [1]. The pressure in the vacuum
chamber before evaporating pentacene, was
2x10-8 mbar. Evaporation rate was 0.0035nm/s.
During the evaporation, the current was
monitored with Keithley 617 Picoammeter .
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The measurements were taken every 3.4 sec
using gate voltage Vg = -15 V and source-drain
voltage Vsd = -15V. Fig. 1 shows a sourcedrain current as a function of nominal
pentacene thickness. We see that the current
starts increasing only after the first layer of
pentacene molecules was completed (1.5 nm).
The current monotonically increases with
thickness up to the point, when the growth was
interrupted by closing off the pentacene source
shutter.
Fig. 2 exemplifies a current-voltage (I-V)
characteristic measured in situ on a completed
OTFT. Saturation regime can be observed for
negative bias values greater than – 17 V.
Between 0 and -5 V, there is very little
deviation from Ohm’s law. At increasing
positive voltages we observed superlinear
behaviour with I∼U1.65. This may be understood
as a consequence of charge trapping. Due to
electrically active structured defects, the charge
carriers become trapped, reducing derby the
overall current-voltage dependence from
quadratic, which is expected for an ideal spacecharge limited transport.

Figure 2: Current-voltage characteristic of a
OTFT measured upon completion of nominally
1.5 molecular layers thick pentacene layer.

Figure 1: Source-drain current as a function of
layer thickness

[1] C.D. Dimitrakopoulos, P.R.L. Malenfant,
Adv.Mater. 14, 99 (2002)
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The property of forming thermally stable and
well-ordered films that show high field-effect
carrier mobility place pentacene as a model
molecule among organic semiconductors.
Charge transport properties of π-conjugated
molecules such as pentacene are intrinsically
correlated with their crystalline structure,
degree of orientational order and grain size. The
knowledge regarding the structure and
molecular packing of self-assembled pentacene
layers is therefore of essential importance on
the way to fabricate highly oriented organic
(pentacene) films with possible application in
electronic devices [1].
We have studied the orientation of the
molecules in two different monolayer phases of
the pentacene thin film on Au(110) substrate,
exhibiting (3 x 6) and (6 x 8) periodicity,
respectively. The Au(110) surface with (1 x 2)
missing row reconstruction has been chosen as
a promissing template to drive the growth
morphology of the organic film, composed of
weakly interacting molecules. The molecular
orientation has been determined with angle
resolved NEXAFS technique, using linearly
polarized X-ray synchrotron light source at the
ALOISA/HASPES beamlines of the Elettra
synchrotron in Trieste.
In combination with our previous results [2]
we have shown that in case of (3 x 6) structure
the pentacene molecules lie flat on the Au(110)
substrate with the long molecular axis oriented
along the [001] substrate direction (six fold
periodicity). Molecules are aligned side-by-side
into long chains extending parallel to the [1-10]
direction with a threefold periodicity.
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In the denser (6 x 8) phase, the pentacene
molecules appear in two different adsorption
geometries. Between each two flat lying chains
of the (3 x 6) phase, another chain of upright
oriented molecules inserts, thus increasing the
unit cell along the [001] direction (eightfold
periodicity). The molecules in the upright
chains line up head-by-head along the [1-10]
direction (sixfold periodicity) with the
molecular plane normal to the surface, forming
extended “nano-rails” (see fig. 1).
[1] C. D. Dimitrakopoulos et al., J. Appl. Phys.
80 (1996) 2501
[2] L. Floreano et al., J. Phys. Chem. B 110
(2006) 4908
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In the last decade bacterial strains are getting
more and more resistant to antibiotics, which
significantly increases a global health risk. The
reduced spectrum of still effective antibiotics
calls for the development of alternative
antimicrobial substances and disinfection
methods. The photocatalyzing properties of
TiO2 and TiO2-based materials to produce
reactive oxygen species (ROS) upon UV
illumination have been shown to be effective
against enterobacteria. The experimental
evidence suggests that the effectiveness of TiO2
materials increases with higher surface to mass
ratio. Nanoparticles especially with one
dimensional morphology might be therefore
more suitable for effective antimicrobial
materials. Already a short exposure of TiO2based nanoparticles water suspension to UV
illumination (λ = 365 nm; t = 1 min)
dramatically increases the presence of ROS as
indicated
by
spin-trapping
electron
paramagnetic resonance (EPR) spectroscopic
technique. There was a pronounced effect of
UV (λ = 365 nm; t = 45min) on Escherichia
coli water suspensions without TiO2, reducing
the bacterial population for a factor of 2.
However when Escherichia coli suspension was
mixed with TiO2-based nanoparticles and
exposed to UV, the bacterial population was
almost entirely wiped out. Our homemade
TiO2-based nanotubes and nanoribbons have
Young’s modulus (260±55 GPa) comparable to
one of carbon nanotubes. Due to the excellent
elastic properties these materials can be used to
reinforce a polymer matrix in nanocomposites
and together with their bactericidal properties
they present a new class of materials which
could be used to build antimicrobial surfaces.
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The specific molecular structure of guanosine
enables the formation of self-assembled planar
structures called G-quartets. G-quartets are
building blocks of quadruplex DNA
configurations, which appear in various
guanosine rich segments of the DNA and play a
vital role in several biological processes. In
aqueous solutions and in the presence of
different counterions, G-quartets vertically
stack to form 1D columnar aggregates known
as “G-wires”. Recent studies have shown that
various surface architectures made of “G-wires”
can be used for fabrication of photo- and
electro-active molecular electronic devices [1-3].
We studied thin layers of guanosine 5’monophosphate (GMP) deposited on mica by
using the Atomic force microscopy (AFM) and
Sum-frequency generation spectroscopy (SFG).
The AFM imaging of the resulting surface
structures revealed that the concentration of the
GMP molecules and the type of the counterions
present in the solution strongly influence the
surface architecture.
In order to obtain some information on
orientational ordering and surface bonding of
the deposited material, we probed the samples
with monolayer GMP films with broadband
SFG, a vibrational spectroscopic technique.
Measurements were performed in the spectral
region between 2600 cm-1 and 3700 cm-1 under
different polarization combinations. The SFGdata show strong resonance around 2875 and
2960 cm-1. The interpretation of these SFG data
and AFM imaging will be discussed.
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The local structure and chemical composition
of (111) twins in MgAl2O4 spinel crystals from
Mogok (Burma) were studied using different
methods of transmission electron microscopy.
Structural analysis of the twin boundaries in
two crystallographic orientations showed that
they are 180° rotational twins with the rotation
axis normal to (111) twin composition plane.
We have shown that Mg2+ ions in the boundary
tetrahedral sites are replaced by Be2+ ions. The
local hcp twin structure is closely related to
BeAl2O4 (chrysoberyl) and polytypic taaffeite
minerals of between MgAl2O4 and BeAl2O4.
Fig. 1: HAADF-STEM analysis of (111) twin boundary
in spinel. (a) experimental HAADF-STEM image. (b)
simulated image for Be-rich boundary.

Fig. 2: Atomic model of Be-rich twin boundary in spinel

Reference:
Tabata, H. and Ishii, E. (1980): Spinel twin formation in
flux grown MgAl2O4 crystals. J. Cryst. Growth, 49, 753.
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Hydrothermal treatment of titania with alkali
solutions is of particular interest because
titanate nanotube and nanoribbons can be
produced at low temperatures. Typical titanate
nanotubes
with
chemical
composition
(Na,H)2Ti2O4(OH)2 reach in length up to 500
nm. Their outer diameter is found to be 8-11
nm with inner diameter between 4-7 nm (1).
Due to high specific surface area that excides
200 m2/g. are these structures interesting as a
catalytic support. Adsorption of Cu2+ was
carried out in aqueous solutions on titanate
nanotubes in alkaline media. Nanotubes
impregnated with transition metal ions were
then heated at 100, 200, 300 and 400 ºC,
respectively. Doped titanate nanotubes were
first structurally characterised with microscopy
techniques (SEM and TEM) and X-ray
diffraction. EDX analysis with SEM revealed
that ion coatings are homogeneous. Physical
properties of transition metal ions adsorbed on
titanate nanotubes were further investigated by
electron paramagnetic resonance (EPR). In all
samples typically a g ~ 2 signal has been
observed what is characteristic for Cu2+ species.
Samples with low concentration of Cu2+ exhibit
highly anisotropic g-factor and hyperfine
structure constant A. Upon the obtained gi (i =
x, y, z) and Ai (i = x, y, z) values, we were able
to determine if the Cu2+ ions are on the surface
of the nanotube or incorporated in the TiO2
structure. On the other hand samples with
higher concentration of Cu2+ and samples dried
at lower temperatures had much stronger signal
with almost no anisotropy, probably due to the
strong signal coming from the CuO clusters on
the nanotube surface what is in the agreement
with HRTEM investigations.
(1) Umek P.; Cevc P.; Jesih A.; Gloter A.;
Ewels C. P.; Arčon D.; Chem. Mat. 2005, 17,
5945.
Keywords: titanate nanotubes, adsorption, EPR,
transition metal ions
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Initial stages of growth of organic
semiconductor thin films on vicinal sapphire
surfaces
Primož Rebernik Ribič and Gvido Bratina
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Nova Gorica, Vipavska 13, Nova Gorica, Slovenia

We have studied initial stages of growth of
pentacene and rubrene on vicinal (0001)
sapphire surfaces. By annealing the sapphire
surfaces with orientation (0001) + 0.2± off to
[11-20] in air at 1500± C for 100 h we have
obtained a terrace-and-step morphology with an
average step-height of 2.1 nm. Onto such
surfaces organic semiconductor thin films with
nominal thicknesses of 0.5 nm – 14 nm were
deposited at room temperature by high-vacuum
evaporation. Morphology of the films was
studied ex-situ by atomic force microscopy
(AFM) in non-contact mode.
We have observed a substantial difference
between the growth modes of the two organic
semiconductors. The first layer of organic
semiconductor pentacene forms islands which
primarily nucleate on step edges (Figure 1). The
islands eventually coalesce and after the first
layer is completed, 3D growth at the terrace
edges takes place.
The morphology of thin rubrene films is
substantially different as compared to the
morphology of pentacene films. While
pentacene grows in a layered structure, rubrene
nucleates in elongated structures which grow
along the sapphire steps (Figure 2). These
structures have widths on the order of 100 nm
and heights of 25≤5 nm.
The difference in the morphology of pentacene
and rubrene films may lie in the geometry of
the two molecules. Pentacene is a planar
molecule and is known to nucleate in the
upright orientation on a variety of different
substrates. In this orientation, terrace edges on
the substrate surface have little influence on the
morphology of the pentacene film and affect
only the positions of pentacene islands. On the
other hand, the geometry of the rubrene
molecule is 3D. We believe that owing to this
geometry it is energetically more favorable for
the molecule to occupy a site near a terrace
edge on the sapphire surface.

Figure 1: 3x3 mm2 AFM image of a pentacene
film with a nominal thickness of 0.5 nm on
sapphire.

Figure 2: 3x3 mm2 AFM image of a rubrene
film with a nominal thickness of 14 nm on
sapphire.
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The CVI SiCf/SiC is candidate materials for
many high-temperature structural applications.
Potential applications include heat exchangers,
heat engines, gas turbines, structural
components in the aerospace industry and are
also considered as structural materials in fusion
power reactors, because of their low neutroninduced activation characteristics coupled with
excellent mechanical properties at high
temperature. The CVI process is very slow, and
the obtained composite materials possess some
residual porosity and density gradients. So we
tried the alternative method for the production
of SiCf/SiC composites, infiltration.
We made a unidirectional composite material
by immersing the Hi-Nicalon SiC fibers into a
suspension made from submicron SiC particles.
The suspension made from nano SiC particles is
also being made. The fibers exhibit high
strength, high stiffness, low density and high
thermal and chemical stability to withstand long
exposure at high temperatures. The mechanical
properties depend on the fiber/matrix interface.
Because of the hydrophobic nature of the HiNicalon SiC fibers, we deposited an interface
material on the fiber surface, which acts as a
debond layer between the fiber and the matrix.
Although scientists suggest using Pyrocarbon,
Boron Nitride or multilayer of both as interface
material, we used carbon evaporation, two
different silicones, Silwax A0-8 and Silwax
B116, which also act as wettability agents, and
the polymer Star Fire. The coating layer is less
than 1 µm thick. The composite material was
subsequently dried, and fired. The adhesion
between the fibers and the ceramic suspension
was checked with electron microscopy. As said
before, the fiber-matrix interfacial domain is a
critical part of composites because load
transfers from the matrix to the fiber and viceversa occur through the interface. To increase
fracture toughness, composite material should
have weak interfaces. The major contribution to
toughness is attributed to crack bridging and
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fiber pull-out. On the other hand strong
interfaces are required for high strength. This
implies short debond cracks and/or significant
sliding friction.
In the work the influence of different treatment
of the fiber surface on the wettability and the
microstructure will be reported and discussed.

Figure 1: SEM (a) and TEM (b) micrographs
of Hi Nicalon SiC fibers in a submicron SiC
based matrix.
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Iron-oxides nanowires were synthesized by a
hydrothermal treatment of Fe(OH)3 dispersion
in NaOH. Obtained materials were first
structurally investigated by SEM, TEM, XRD,
and TGA techniques. Their magnetic properties
were then examined with SQUID and EPR
methods. A typical nanowire measures 10 – 15
nm in diameter and 600 nm in length. All the
structural and magnetic investigations are
consistent with the nanowire goethite structure.
The nanowire Neél transition temperature is at
375 K, i.e. it is lowered by 25 K with respect to
the corresponding goethite bulk value. The shift
in the ordering temperature is suggested to be a
consequence of a growing importance of strains
and surface effects at the nanoscale. We were
also able to irreversibly convert goethite
nanowires into hematite, by warming the
sample to temperatures exceeding 530 K.

Figure 1: (a) SEM picture of the as-prepared
sample. (b) TEM image of the sample after
sonication. (c) HRTEM image of the individual
nanowire.
* Corresponding author

email: matej.pregelj@ijs.si
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Liquid Single Crystal Elastomers (LSCE) are a
combination of an elastomeric polymer network
with liquid crystalline attached mesogens. The
coupling of both liquid crystal (LC) mesogen
and polymer network allows the mesogen to give
the polymer network a degree of local order with
respect to temperature. The polymer network in
turn allows the change in elongation without
energy cost as a function of the LC order.
Therefore, the LSCE undergoes a change in
dimensions with constant volume when the
temperature is altered, which can be up to 400%.
Specifically, the low temperature ordered phase
(long thin film) transforms to an isotropic phase
at high temperature (short thick film). This
process is completely reversible for many
repetitions (reviews1&2).
LSCE can perform large changes in length
(152% for the Side Chain Nematic system used
here) theoretically on a timescale of a
millisecond. Additionally, there is a need for a
soft matter actuator which is able to perform
large shape changes in a discontinuous manner
with a timescale of around a second. For LSCE,
the method of actuation should leave the system
properties intact (LdG const.’s, L/L0, T*) and be
relatively uncomplicated to perform. Electrical
resistive heating can provide large amounts of
heat rapidly depending on the material
resistivity, although the LSCE is normally
insulating (~ 1020 Ωm). Current electro-thermal
actuation activities revolve around the use semiflexible heating elements [3, 4] and typically
have significant heat transfer problems, cause
mechanical restriction as well as rapid
degradation.
Inclusion
of
conducting
nanoparticles is a common technique in creating
conducting polymeric systems. Although, the
LSCE cannot be made conducting at the point of
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Remškar1, Heino Finkelmann3, Slobodan
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polymerisation with carbon nanoparticles, as the
particles inhibit the polymerisation reaction.
Here, a conducting composite system is created,
using a solvent to expand the LSCE in volume
and conducting nanoparticles in solution. A
decay in the effective resistivity is observed with
conducting particle concentration. No change is
observed in T*, L/L0 or shape (Landau deGennes constants) indicating no chemical
changes in the bulk properties of the LSCE.
SEM investigations on a cleaned freezefractured outer surface, shows the LSCE surface
is integrated with conducting carbon particles
forming a relatively stable conducting layer of
around 3 um in thickness.
The observed thermal and electro-thermal
elongational changes are comparable in shape,
magnitude (152%) and T*. In electro-thermal
actuation the heating is supplied through
electrical resistive power dissipation and a static
power required to hold T* = 354K is around 50
mW/mm3. Using large Power values, full
actuation can be performed in milliseconds and
at low power values the degradation of the
carbon layer is slow enough to allow 10’s of
kcycles to be performed.

L/L0

Electrical actuation of Liquid Single Crystal
Elastomers
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Figure 1: 32 millisecond actuation response of a
LSCE reprocessed with conducting carbon particles
when a 20 millisecond high power pulse is applied.
References:
1] S. Mayer, R. Zentel, Curr. Opin. Solid State Mat. Sci.,
6 (6) 545 (2002).
2] E. Terrentjev, Liquid Crystalline Elastomers, J. Phys.:
Condens. Matter 11 R239 (1999).
3] D. K. Shenoy, D. Thomsen III, A. Srinivasan, P.
Keller, B. Ratna, Sens. Actuators, A 96 184 (2002).
4] M. Shahinpoor, Smart structures and materials 2000,
Proc. of Society for Photo-optical Instrumentation
Engineers (SPIE), 3987 187.
5] M. Chambers, B. Zalar, M. Remškar, H. Finkelmann,
S. Žumer, Rapid electrical actuation of Liquid Crystal
Elastomers reprocessed with carbon nanoparticles,
submitted to Adv. Mat., 2006.
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The intensive study of catalytic reactions of
NOx gases on various metal oxide surfaces is
largely stimulated by the problem of reducing
greenhouse gas emission. The crucial material
parameters in the processes of NOx removal are
the active surface area and the adsorption
potential.
To increase active surface area a standard
approach would be to prepare sub-micron
metal-oxide particles. A step forward in
increasing the active surface area would be to
prepare particles in the form of nanotubes. Here
we report on the synthesis of titania-based
nanotubes and nanoribbons prepared by
hydrothermal methods, as well as evaluating
their structure and adsorption properties.
Nanotubes were found to be hollow scrolls with
a typical outer diameter of about 10 nm, inner
diameter 4-5 nm and length of several hundred
nm. The nanoribbons are highly crystalline,
typically 40 nm in cross-section and up to a few
µm in length. The structure of these tubes and
ribbons are closely related to the family of the
layered titanate (Na,H)2TinO2n+1 materials
where the basic framework consists of TiO6
octahedra arranged in planes. Na or H ions take
interlayer positions and surfaces may be
passivated by hydroxyl groups.
Samples were exposed to a NO2 atmosphere in
order to test their adsorption properties using
pulsed EPR. The nanotubes were found to have
high active surface areas of about 250 m2/g.
When exposed to NO2 gas, NO2 molecules tend
to physisorb on the nanotube surface via the
nonbonding py orbital of the oxygen atoms. In
contrast nanoribbons have much smaller active

P8
Abstract N° 43

surface areas (∼30 m2/g). The dominant EPR
signal now comes from NO molecules adsorbed
on Na+ ions.
We propose that on a hydrolysed surface of
nanoribbons, NO2 bind in pairs, resulting
finally in NO3 and NO with some released
water. NO3 is EPR silent and we thus cannot
observe it in our experiments. On the other
hand we clearly observe NO in abundance in
nanoribbons and to a much lesser degree in
nanotubes. If Na+ ions can catalyse this
reaction, this would explain the higher
concentration of NO seen in the nanoribbons
where
the
Na
concentration
is
higher. Nanotubes also have hydrolysed
surfaces, but they have lower concentrations of
Na ions available for any catalytic role. In
addition the curved surface of the nanotubes
may make cooperation between neighbouring
NO2 molecules and surface hydroxides more
difficult, lowering the probably of NO creation
(except at certain special sites such as defects,
sheet edges, etc).
The main difference between nanotubes and
nanoribbons thus seems to lie in their surface
morphology, which in certain cases allows for
catalytic reactions of the NO2 molecules on the
titania-based surface. Our results show that
titania nanotubes and nanoribbons can serve as
adsorbents and even as catalysis material for
NOx removal. They thus have strong and nearly
immediate application potential.
Reference:
[1] Polona Umek,1 Pavel Cevc,1 Adolf Jesih,1
Alexandre Gloter,2,3 Christopher P. Ewels,3 and
Denis Arčon1,4 Chem. Mater. 2005, 17, 59455950.
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We have investigated the length of stripes and
clusters as a function of temperature, doping
and the ratio of the Jahn-Teller to Coulomb
interaction strengths VC/VJT within the JahnTeller-Coulomb model. We also estimate the
resistivity for a network of stripes calculated,
assuming ballistic transport within metallic
stripes and scattering between them, where the
T-dependence is assumed to come solely from
the T-dependence of the stripe length (as a
mean free path). We found that the systematic
behaviour of the T-dependence of resistivity
with doping agrees qualitatively and the
estimated value we compute at 0.15 of doping
is in good agreement with measured values in
HTS cuprate systems at optimal doping.
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Nanoparticle Permeability at microwave
frequencies as a function of particle diameter
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1

Nanotesla Institute, Kolektor Group, Stegne 29, SI-1521
Ljubljana, Slovenia
2
Iskra Feriti d.o.o., Kolektor Group, Stegne 29, SI-1521
Ljubljana, Slovenia

In contrast to micron-sized or bulk materials,
the magnetic properties of nanosized particles
greatly depend on the diameter of these
particles [1], e.g. it is well known that the mass
magnetization can be significantly reduced with
decrease of diameter due to the surface effects.
However, for application of nanoparticles in
microwave devices and applications one of
most significant quantity is permeability as a
function of frequency. Since the anisotropy
energy, saturation magnetization and damping
coefficient of the particle are greatly affected by
particle diameter, we can expect significant
difference in permeability spectra and thus
response in microwave devices for particles
with varying diameters [1,2].
In our work we set to examine the permeability
of nanoparticles as a function of frequency for
samples with significantly different particle
diameters and also analyze the change of
material's parameters from these curves.
Nanoparticles are produced with coprecipitation
method and with variation of reaction
parameters we can control the average diameter
of particles, which is evaluated by BET. The
diameters of these particles are varied from
about
10-20
nm,
which
exhibit
superparamagnetic behavior, to over 100 nm,
which
are
single-domain
but
not
superparamagnetic. Magnetization of different
batches is determined by magnetometer.
Particles are mixed into nanocomposite and
from it the appropriate sample is prepared for
measurement of permeability in the microwave
region. The permeability measurements are
performed with vector network analyzer and
impedance analyzer in the frequency range
from 1 MHz to 18 GHz. The permeability
curves of samples with different particle
diameters are compared and analyzed with
respect to varying material's properties.

Figure 1: Initial permeability and saturation
magnetization of samples 1-5 as a function of
particle diameters.

Figure 2: Measured imaginary part of
permeability for samples 1 to 5 with different
nanoparticles diameters.

[1] Dormann J.L., Fiorani D., Tronc E.,
Adv.Chem.Phys. 48 (1997) 283.
[2] Shilov V.P., Bacri J.-C., Gazeau F.,
Gendron F., Perzynski R., Raikher Yu.L.,
J.Appl.Phys. 85 (1999) 6642.
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Sodium-titanate-based nanotubes and nanoribbons were
synthesized with high yields under hydrothermal
conditions from anatase powder in an aqueous NaOH
solution. The reaction temperatures were from 95 to
195 oC. The morphology of the nanomaterials, reflected
in their specific surface areas, depends strongly on the
reaction temperature. For the materials synthesizes in the
range 95 – 135 oC, only (Na,H)2Ti2O4(OH)2 nanotubes
were obtained, whereas above 155 oC the formation of
(Na,H)2Ti3O7 nanoribbons took place. When the reaction
was carried out at 155 oC, both nanotubes and
nanoribbons were found in the product [1].
Thermal methods of analysis give additional informations
when studying the properties of materials, especially their
thermal stability. Most often TG and DSC are used for
this purpose. Thermogravimetric curves of materials,
synthesized at 95, 135, 155 and 195 oC , are shown in
Fig. 1A. In general, the greater part of the weight loss
occurs at lower temperatures (approx. up to 200 oC),
where the dehydration of physisorbed water takes place.
On a DSC curve (Fig. 1B) this process is reflected in two
successive endothermic peaks. It is evident from both
figures that there is a lower content of the physisorbed
water in materials, synthesized at higher temperatures ,
i.e. nanoribbons. The result is in accordance with the
measured specific surface area, which ranges from 190 –
240 m2/g for nanotubes and less than 30 m2/g for
nanoribbons. Water molecules are also more tightly
bonded in the case of nanoribbons (see dashed line in
Fig. 1A). For 95-NTs the weight loss of approximately
17 % occurs up to 150 oC, while the sample 195-NRs
losses only 8.5 % up to 200 oC. After this temperature the
weight slowly and continuously decreases nearly up to
600 oC. It was already found out that for nanotubed
H2Ti2O4(OH)2 at temperatures lower than 300 oC
desorption of physically adsorbed water and interlayered
water takes place simultaneously [2]. At higher
temperatures (300–500 oC) desorption of interlayered
water leads to transition from orthorobmic crystal system
to anatase causing the destruction of nanotubed
morphology. The last process is reflected as an
exothermic peak on a DSC curve [2]. For our materials,
the dehydroxilation of intralayered OH groups is well
separated from the dehydration of physically adsorbed
water and occurs in a temperature range from 200 oC up
to 400 oC. Exothermic process, accompanying the
formation of new Ti–O–Ti bonds, overwhelms
endothermic dehydration process and is reflected as a
broad exothermic peak on the DSC curves.
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Dehydroxilation of interlayered OH groups occurs at
temperatures higher than 400 oC and is observed only for
135-NTs and 155 NTs+NRs. Sample 95-NTs behaves
differently probably due to the presence of unrolled
titanate sheets. Besides that it contains the biggest
amount of physisorbed water, its weight start to decrease
more rapidly at temperatures higher than 400 oC,
meaning that the material is thermally unstable. The total
weigh loss of almost 25 % between room temperature
and 600 oC was observed for this sample, while for
material synthesized at 135 and 155 oC very similar
weight loss of around 13 % was detected. The latter fact
is suggesting that the dominant morphology in 155NTs+NRs are nanotubes. The smallest weight loss of
11 % was observed for 195-NRs. The measured value
was expected due to different morphology (hollow
structure of NTs versus full layered structure of NRs).
Broad exothermic peak in a temperature range from 200
to 500 oC on the DSC curve means that material,
synthesized at 195 oC, loose intralayered OH groups in a
broader range while interlayered OH groups remain in
the structure up to 600 oC or the cleavage of both type of
OH groups occurs simultaneously. Additional XRD
measurements should be done in order to elucidate this
process.
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Figure 1: Comparison of TG (A) and DSC (B) curves for
sodium titanate nanotube and nanoribbon samples
measured between room temperature and 600ºC. The
curves correspond to materials synthesized at 95, 135,
155 and 195°C.
[1] P.Umek, R. Cerc Korošec, B. Jančar, R. Dominko and D. Arčon,
accepted for publication in Journal of Nanoscience and Nanotechnology
[2] M. Zhang, Z. Jin, J. Zhang, X. Guo, J. Yang, W. Li, X. Wang, Z.
Zhang; J. Mol. Catalysis A: Chemical 217, 203 (2004)
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Mechanical properties of titania-derived
nanoribbons
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Mechanical
properties
of
TiO2-derived
nanoribbons were investigated by using threepoint bending method. Thin nanoribbons
(cross-section dimension 30 nm) have an
average Young's modulus 260≤55 GPa. For
thicker nanoribbons, which are composed of
several thinner nanostripes, the bending
modulus rapidly decreases with increasing cross
section. In analogy with carbon nanotube ropes
we argue that shear deformations become
important and the shear modulus is G=0.07-0.4
GPa. Present results together with our previous
work suggest that TiO2-derived nanoribbons
and nanotubes may undertake a dual function in
polymer composites: they could reinforce the
polymer matrix while at the same time provide
large active surface area.
Results were published recently in [1].
[1] M. Humar, D. Arčon, P. Umek, M.
Škarabot,
I.
Muševič,
G.
Bregar,
Nanotechnology 17, 3869 (2006).
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Composites of polystyrene and TiO2 nanotubes
were prepared by extrusion process with 0-1 wt.
% nanoparticles added to commercially
available polystyrene. Composites were studied
by optical and SEM microscopy, DSC, 1H
NMR and torsional creep tests.
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