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Welcome!
to SLONANO 2013 at Jožef Stefan Institute, Ljubljana, Slovenia.
The SLONANO conferences have been organised annually since 2002, when the first
one-day meeting took place at Jožef Stefan Institute. The conference started as
national meeting but soon became regional and keep gaining on their international
importance.
Through all these years, the basic idea of the conference remains the same: to foster
the rapid exchange of results, ideas and know-how in the field of nanotechnology. In
particular, young scientists are strongly encouraged to present their work and
establish contacts with senior researchers.

Organizing Committee
Dragan Mihailović, Jožef Stefan Institute, CENN Nanocenter, Slovenia
Albin Pintar, National Institute of Chemistry, Slovenia
Denis Arčon, J. Stefan Institute, Facullty for Mathematics and Physics UL, Slovenia
Abdou Hassanien, National Institute of Chemistry, Slovenia
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Wednesday, 23 October
Session Title: Nano-shaped material for energy production
9:00 – 9:30
9:30 – 10:00

10:00 - 10:15

Javier Pérez-Ramírez: Catalytic Processes for halogen recycling: past,
present, future, Invited
Annamaria Petrozza: Excitons versus Free Charges: a Photophysical
Picture of Tri-Halide Organo-lead Perovskites for Highly Efficient Hybrid
Solar Cells, Invited
Gleb Verysov: Catalytic activity of MoS2 Nanoparticles in
hydrodeoxygenation of liquefied wood
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Ilija Gasan Osojnik Črnivec: Nanocrystalline Zr incorporated CeO2 with
superior redox properties as designated NiCo catalyst carriers for CO2CH4 methane reforming
Maxim Zabilsky: Nanostructured CuO-CeO2 mixed oxide as a catalyst for
N2O decomposition
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11:50 – 12:30

Blaž Likozar: Intrinsic Kinetics of Transesterification Reactions for
Biodiesel Production using Homogeneous and Heterogeneous Catalysis
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13:00 – 13:30

Guglielmo Lanzani: The organic approach toward an artificial retina,
Invited

24

Peter Topolovšek: Application of MoS2: P3HT blends as active material in
organic solar cells
Ana Varlec: Microscopic and spectroscopic investigation of MoS2
nanotubes/P3HT nanocomposites
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14:00 – 14:15

Nevena Ćelić: The increased efficiency of P3HT:PCBM solar cells with
addition of MoSI nanowires
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Vida Lapornik: Manganese-functionlised zeolite silicalite-1 in lithium
sulphur batteries
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10:35 - 11:05
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11:20 – 11:35
11:35 – 11:50
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Thursday, 24 October
Session Title: Inorganic nanostructures and composites

Abstract
page

9:00 – 9:30

Oleg Yazyev: Towards realizing magnetic materials and nanostructures
based on graphene: a theorist's perspective, Invited

30

9:30 – 9:45

Lucija Čoga: Self-assembly of lipoguanosine derivates on surfaces

32

9:45 – 10:00

Saim Emin: Photoeletrochemical investigation of textured porous CuO
thin films prepared from electrodeposited CuCl
coffee break
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10:00 - 10:35

Session title: P-electron nanostructures
10:35 - 11:05

Gašper Tavčar: Novel chemical routes for the alkali metal »doping« of
polycyclic aromatic hydrocarbons and characterization of their physical
properties, Invited

34

11:05 - 11:35

Andrea Goldoni: »With a little help from a friend«:the Picene story
+C60, Invited

36

11:35 – 11:50

38

11:50 – 12:30

Vladimir Baranov: Hysteretic current-voltage characteristics of
superconducting channels
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12:30 – 13:00
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Session title: Applications
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13:30 – 13:45
13:45 – 14:00
14:00 – 14:15
14:15 – 14:45

Yutaka Ohno: Carbon nanotube thin films for flexible electronics
applications, Invited
Boštjan Erjavec: Modified titanate nanotubes as promising
photocatalysts for degradation of bisphenol A solution
Renata Kaplan: Catalytic wet air oxidation of nonbiodegradable organic
chemicals in the presence of titanate nanotubes

40

Peter Dušak: Heteroagglomeration of two types of nanoparticles in an
aqueous suspension
coffee break

44

42
43
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Friday, 25 October
Session Title: Advanced microscopy techniques

Abstract
page

9:00 – 9:30

Carla Bittencourt: NEXAFS Measurements of Nanoribbons: Nanoscale
Spectroscopy with Polarized X-rays, Invited

46

9:30 – 10:00

Goran Dražić: Atomic resolution scanning transmission electron
microscope – first results and impressions, Invited

48

10:00 – 10:15

Violeta Simic Milosevic: Challenges and new milestones in probe
microscopy

50

coffee break

10:15 - 10:35
10:35 - 11:05

Mom Sinn Aw: Non-eroding nanoporous materials: Novel concepts for
controlling drug release, Invited

52

11:05 - 11:20

Abdou Hassanien: Microscopic charge transport properties of pristine
and doped carbon nanotube thin film transistors

54

11:20 – 11:35

Martin Rigler: Ellipsometric characterization of optically anisotropic AIN
thin films with rough surfaces

55

11:35 – 11:50

Iulia Mikulska: Effect of doping concentration on the ferromagnetic
properties of Fe-doped BaTiO3

56

Lunch

11:50 – 12:30
12:30 – 13:00

Poster session
Jože Buh: Template synthesis of single phase δ3-MoN superconducting
nanowires

57

13:00 – 13:15
13:15 – 13:30

Martin Strojnik: Dimensional crossover in ultrathin molybdenum
nanowires

58

13:30 – 13:45

Andrej Kovič: Molybdenum based nanowires and nanotubes

13:45 – 14:00

Anna Pogrebna: Photoexcited Eu2+ spin dynamics in EuFe2(As1-xPx)2

14:00 – 14:15

Ivan Madan: Superconducting fluctuations in Bi2Sr2CaCu2O8+d

14:30 – 15:00

59
60
61
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Catalytic processes for halogen recycling:
past, present, future
Javier Pérez-Ramírez
Institute for Chemical and Bioengineering, ETH
Zurich, Switzerland
The heterogeneously catalyzed oxidation of HCl to
Cl2 comprises a sustainable route to valorize HClcontaining streams in the chemical industry.
Conceived by Henry Deacon in 1868, this reaction
has suffered from many sterile attempts to obtain
sufficiently active and durable catalysts. The
Deacon process has been rejuvenated in the last
decade due to the increased demand for chlorine and
the growing excess of by-product HCl, for example,
in the manufacture of polyurethanes and
polycarbonates. Intense research efforts have
culminated in the recent industrial implementation
of RuO2-based catalysts for HCl oxidation, and
other systems based on cheaper metals are ready for
commercialization. This lecture reviews the new
generation of technologies for chlorine recycling
under the umbrella of Catalysis Engineering,
rationalizing the catalyst and reactor selection in
relation to the overall process. Bridging
fundamental understanding of the catalyzed reaction
at the nanoscale with process scale-up was vital for
research to flourish into large-scale application.
Accomplishing this ambitious objective was only
possible through a strong collaborative relationship
between academic and industrial scientists. Future
perspectives in the growing area of halogen
recycling, including the oxidation of HBr and
oxyhalogenation reactions will be discussed.

References:
1. M.A.G. Hevia, A.P. Amrute, T. Schmidt, J. PérezRamírez, J. Catal., 2010, 276, 141.
2. C. Mondelli, A.P. Amrute, F. Krumeich, T. Schmidt, J.
Pérez-Ramírez, ChemCatChem, 2011, 3, 657.
3. J. Pérez-Ramírez, C. Mondelli, T. Schmidt, O.F.-K.
Schlüter, A. Wolf, L. Mleczko, T. Dreier, Energy
Environ. Sci., 2011, 4, 4786.
4. C. Mondelli A.P. Amrute, T. Schmidt, J. PérezRamírez, Chem. Commun., 2011, 47, 7173.
5. D. Teschner, R. Farra, L. Yao, R. Schlögl, H.
Soerijanto, R. Schomäcker, T. Schmidt, L. Szentmiklósi,
A.P. Amrute, C. Mondelli, J. Pérez-Ramírez, G. NovellLeruth, N. López, J. Catal., 2012, 285, 273.
6. D. Teschner, G. Novell-Leruth, R. Farra, A. KnopGericke, R. Schlögl, L. Szentmiklósi, M.G. Hevia, H.
Soerijanto, R. Schomäcker, J. Pérez-Ramírez, N. López,
Nature Chem., 2012, 4, 739.
7. A.P. Amrute, C. Mondelli, M. Moser, G. NovellLeruth, N. López, D. Rosenthal, R. Farra, M.E. Schuster,
D. Teschner, T. Schmidt, J. Pérez-Ramírez, J. Catal.,
2012, 286, 287.
8. R. Farra, M. Eichelbaum, R. Schlögl, L. Szentmiklósi,
T. Schmidt, A.P. Amrute, C. Mondelli, J. Pérez-Ramírez,
D. Teschner, J. Catal., 2013, 297, 119.
9. M. Moser, C. Mondelli, T. Schmidt, F. Girgsdies, M.E.
Schuster, R. Farra, L. Szentmiklósi, D. Teschner, J.
Pérez-Ramírez, Appl. Catal. B, 2013, 132-133, 123.
10. A.P. Amrute, C. Mondelli, T. Schmidt, R. Hauert, J.
Pérez-Ramírez, ChemCatChem, 2013, 5, 748.
11. M. Moser, L. Rodríguez-García, A.P. Amrute, J.
Pérez-Ramírez,
ChemCatChem,
DOI: 10.1002/cctc.201300609.
12. A.P. Amrute, G.O. Larrazábal, C. Mondelli, J. PérezRamírez, Angew. Chem. Int. Ed., 2013, 52, 9772.
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Excitons versus Free Charges: a
Photophysical Picture of Tri- Halide
Organo-lead Perovskites for Highly Efficient
Hybrid Solar Cells
Giulia Grancini1, Valerio D’Innocenzo1, Marcelo
Alcocer1, Samuel D. Stranks2, Michael M.
2
Lee ,Paola Bruno1, Guglielmo Lanzani1, Henry J.
Snaith2 and Annamaria Petrozza1
1

Center for Nano Science and Technology
@Polimi, Istituto Italiano di Tecnologia, via
Giovanni Pascoli 70/3, 20133, Milan, Italy
2

University of Oxford, Clarendon Laboratory, Parks
Road, Oxford, OX1 3PU, United Kingdom

In excitonic solar cells, where the primary
photoexcitation is a bound exciton, a hetorojunction
is needed to provide enough driving force to
generate free charges. Unfortunately, this results in
intrinsic energetic losses, which although
conceivably surmountable have lead to relatively
slow progress in efficiency over the last decade.
Noteworthy, in the last year, the scientific
community involved in the development of
”emerging” solar cells have realised a succession of
breakthroughs
employing
ionic
crystalline
assemblies assuming a perovskite structure.
Perovskites have been reported replacing the dye in
dye-sensitize solar cells (DSC) with liquidelectrolyte based (power conversion efficiency,  =
6.5%)[1] and solid state cells with spiro-OMeTAD
and conjugated polymers as the solid-state hole
conductor ( over 9 %) [2], or as hole-conductors
( = 8.5%)[3]. These devices have generally shown
impressive photocurrent generation, while the
photovoltages achieved still indicated some
significant losses. One particular device concept,
where
the
mesoporous
TiO2-perovskite
heterojunction is removed, eludes this trend: the
“meso-superstructured solar cell” that sees an
organometal mix-halide perovskite, CH3NH3PbI3xClx, employed as light harvesting and electron
transporting layer and a spiro-OMETAD as hole
transporter. A mesoporous Al2O3 layer is employed
as insulating “scaffold” upon which the perovskite
is deposited. The device exhibits exceptionally high
open-circuit photovoltages of over 1.1 volts, despite
the relatively narrow absorber band gap, which lead

to a record  of 10.9% under standard conditions
[4]. As the operation of these cells is quite different
to the standard DSC device, a number of questions
need to be answered. Here we will examine the
effect of Chlorine doping on the optoelectronic
properties of the CH3NH3PbI3 compound, with a
particular focus on the functionalities of the
principal interfaces in the device. The nature of the
primary photo-excitation will be unveiled. It will be
shown that the primary photoexcitation at low
temperature is excitonic. However, the exciton is
predominantly ionized at room temperature, leading
to spontaneous free charge generation establishing
the non-excitonic solar cell operation [5]. The
diffusion lengths of the photoexcitation are found
>1 micrometer in the mixed halide perovskite, an
order of magnitude greater than the absorption
depth. By contrast, the triiodide absorber has
electron-hole diffusion lengths of ~100 nanometers
[6]. These results justify the high efficiency of
planar heterojunction perovskite solar cells, and
identify a critical parameter to optimize for future
perovskite absorber development.
References:
[1] A. Kojima, K. Teshima, Y. Shirai, T. Miyasaka,
Organometal halide perovskites as visible-light
sensitizers for photovoltaic cells. J. Am. Chem. Soc.
131, 6050 (2009).
[2] J. H.Heo, S. H. Im, J. H. Noh, T. N. Mandal, CS Lim, J. A. Chang, Y. H. Lee, H. Kim, A. Sarkar,
Md. K. Nazeeruddin, M Gratzel and S. Seok, Nature
Photonics, DOI: 10.1038/NPHOTON.2013.80
[3] I. Chung, B. Lee, J. He, R. P. H. Chang, M. G.
Kanatzidis, All-solid-state dye-sensitized solar cells
with high efficiency. Nature 485, 486 (2012).
[4] M. M. Lee, J. Teuscher, T. Miyasaka, T. N.
Murakami, H. J. Snaith, Science, 2012, 338, 643647.
[5] Grancini G. et al, manuscript submitted
[6] Strank S et al, Scinece, accepted.

14

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

15

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

Catalytic activity of MoS2 nanoparticles in
the hydrodeoxygenation of liquefied wood
Gleb Veryasova, Miha Grilcb, Blaž Likozarb, Janez
Levecb,c, Adolf Jesih a,d
a

Department of Inorganic Chemistry and
Technology, Jožef Stefan Institute
b
Laboratory of Catalysis and Chemical Reaction
Engineering, National Institute of Chemistry
c
Chemical, Biochemical and environmental
Engineering, Faculty of Chemistry and Chemical
Technology, University Ljubljana
d
CENN Nanocenter, Slovenia

References:
[1] M. Balat, 2006, Energy Sources, Part A:
Recovery, Utilization, and Environmental Effects,
28, 517-525.
[2] D. Mohan, C. Pittman and P. Steele, 2006,
Energy Fuels, 20, 848.
[3] F. de Miguel Mercader, M. J. Groeneveld, S. R.
A. Kersten, N. W. J. Way, C. J. Schaverien and J.
A. Hogendoorn, 2010, Applied Catalysis B:
Environmental, 96, 57-66.
[4] A. R. Ardiyanti, A. Gutierrez, M. L. Honkela, A.
O. I. Krause and H. J. Heeres, 2011, Applied
Catalysis A: General, 407, 56-66.

The renewable energy sources, namely solar, wind,
hydroelectric, biomass and geothermal [1], are of
primary interest for the world’s future, since
reserves of fossil primary energy carriers are
limited. Biomass in the form of wood is one of the
oldest forms of energy source used by humans from
ancient times. Oil crisis in the mid-1970th
contributed to active efforts to convert
lignocellulosic biomass to liquid fuels [2].
Catalytic hydrodeoxygenation (HDO) is the step
allowing co-processing of biomass-derived oils and
fossil feed in standard refinery units [3]. Much
research is carried out on oxygen removal on
conventional supported noble metal [4] or metal
sulphide catalysts.
Present work is aimed at the investigation of
unsupported MoS2 catalysts activity for HDO on a
real liquefied wood sample. The “urchin-like”
molybdenum disulphide with a single unit size ~1
micron prepared from MoI3 at 800 °C was found
highly active in HDO reaction. The material has
surface area 25 m2/g and crystalline radial branches,
which appeared to have widths below 100 nm. We
performed catalytic activity tests on liquefied fir and
spruce samples; 60 minutes treatment at 8 MPa
hydrogen pressure results in ~3 times decrease of
oxygen content, as evaluated by O-H, C-O and C=O
band intensities in IR spectra of HDO products.
Newly prepared “urchin-like” MoS2 exhibited also
an improved HDO rate compared to commercial
MoS2 powder.
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Alessandro Trovarellia, Eleonora Aneggia,
Carla de Leitenburga and Jordi Llorcab
a

Dipartimento di Chimica. Fisica e Ambiente,
Università di Udine, Udine, Italy
b
Institut de Tècniques Energètiques, Univ.
Politècnica de Catalunya, Barcelona (Spain)

Rare earth elements have been largely used in the
last decade in catalyst formulations for a variety of
processes in the area of both chemicals and
environment [1]. The most significant of the rare
earth elements are certainly lanthanum and cerium,
their oxides being used as structural and electronic
promoters in several applications in the field of
environmental catalysis. There are also several
emerging applications or processes for which rare
earth oxides are currently being actively
investigated. More specifically cerium oxide is used
in several applications for the energy sector as a key
component in catalyst materials for soot oxidation,
reforming, partial oxidation and water gas shift
reaction [2]. Other energy-related uses are in the
fuel cell technology where CeO2 and other rare
earth materials are fundamental components to
reduce the operating temperature of solid oxide fuel
cells [3].
As a contribution to these areas, we have been
investigating in the last few years a number of
issues
concerning
the
preparation
and
characterization of nanostructured and nanoshaped
cerias as active materials for applications in CO and
soot combustion reaction [4,5]. Several samples of
ceria and ceria-zirconia with different degrees of
{111}/{100} surface exposure were prepared by
careful ageing at increasing temperatures from 773
to 1273K. Surface morphology of samples
evidenced that CeO2 particles after calcination at
high temperature expose, in addition to the more
stable {111} planes, well-defined and less stable
{100} and {110} planes. A similar behaviour was
found for ceria–zirconia solid solutions, however
the preferential exposure of reactive planes
belonging to the {100} and {110} families after
calcination is less evident than in ceria and inversely
dependent on the amount of ZrO2. Figure 1 shows
soot oxidation rate data measured at a reference
temperature of 723K against surface area for ceria
and ceria-zirconia samples. The specific oxidation
rate decreases with increasing surface area, however
the effect of surface area on activity is dependent on
the loading of zirconium. The higher is the loading
of Zr, the lower is the effect of surface area on
oxidation rate, with pure zirconia showing no
dependence of specific activity on surface area. The
amount and type of reactive planes exposed on the
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Figure 1: Soot oxidation rate of ceria (CZ100), zirconia (CZ0)
and ceria-ziconia samples against surface area.

surface are directly correlated with the specific
activity of soot oxidation and the decreasing
dependence of activity against surface area by
increasing the amount of Zr is a measure of the
lower tendency of Zr-rich compositions to modify
the exposure of reactive planes upon calcination.
Catalysts
with
different
morphologies
(nanocubes and nanorods) were also prepared by
hydrothermal methods starting from ceria nitrate
and chloride according to literature. The findings on
nanoshaped samples highlighted the higher activity
of nanostructured materials compared to
conventional ceria powders in terms of either
overall activity and specific reaction rate. The
oxidation rate increases from 4 to 7 times compared
to conventional ceria powders. This is due to the
simultaneous exposure of reactive surfaces and to
the relatively high surface area of nanoshaped
samples. The increase of specific activity can be
correlated to the easier formation of oxygen
vacancies on the more reactive surfaces driven by
reaction with carbon soot, confirming the role of the
redox of ceria in soot oxidation.

Figure 2: HRTEM images of ceria nanocubes and nanorods

References:
[1] A. Trovarelli and P. Fornasiero Ed. “Catalysis
by Ceria and Related Materials”; 2nd ed. Imperial
College Press, London, (2013).
[2] R. J. Gorte, AIChE Journal 56 (2010) 1126.
[3] M. Mongensens et al., Solid State Ionics, 129
(2000) 63.
[4] E. Aneggi et al., Cat. Tod., 181 (2012) 108.
[5] E. Aneggi et al., Cat. Tod., 197 (2012) 119.
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I. G. Osojnik Črnivec1*, P. Djinović1,2,
B. Erjavec1,2, A. Pintar1,2
1

Laboratory for Environmental Sciences and
Engineering, National Institute of Chemistry,
Ljubljana, Slovenia
2
Centre of Excellence for Low Carbon Technologies
(CONOT), Ljubljana, Slovenia
Catalytic dry reforming of methane enables
simultaneous utilization of two broadly accessible
carbonaceous gases, CO2 and CH4 (Eq. 1, ΔH°298 K =
+247 kJ/mol) to produce synthesis gas and thus
providing a pathway for subsequent production of
synthetic fuels or other fine chemicals [1]. The main
engineering challenge in the dry reforming process
is rapid deactivation of conventional nickel based
catalysts due to carbon deposition on the catalyst
surface. Transitional metals feature high activity for
CH4 conversion, yet their capacity for CO2
activation is low. Therefore, superior redox
properties of the carrier are crucial in order to obtain
supported transitional metal catalysts that exhibit
stable long-term performance in the reforming
process [2]. In this study, we investigated the
activity and stability of Co-promoted Ni catalysts,
supported on thermally stable high surface area
CeO2-ZrO2 prepared by novel synthesis routes in a
wide range of synthesis conditions. Powdered
CeO2-ZrO2 (80/20 wt. %) mixed oxides were
prepared by glycothermal (EG), hydrothermal (HT),
homogeneous coprecipitation (HC) or combustion
synthesis (PG) method. These synthesized supports
are the designated components for subsequent
emplacement with 3 wt. % NiCo alloy. The
synthesized catalysts and ceria-zirconia supports
were thoroughly characterized by BET, SEM-EDX,
XRD, H2-TPR and pulse chemisorption methods.
The performance of the catalysts was evaluated in a
tubular quartz fixed-bed reactor (I.D. = 10 mm, Pr =
1.2 bar, Tr = 500 - 800 °C, CO2:CH4 = 1:1). The
reactor output was coupled to GC for online
analysis of discharged gas stream.
Table 1. Morphological characteristics of the selected supports:
BET surface area (SBET), total pore volume (VPT), average size
of CeO2 crystallites (dCeO2, 111) and reducibility (Ce4+ - Ce3+).
Synthesis
EG 1/30a
EG 1/15a
HT
HC
PG

SBET
(m2/g)
121
133
66
92
24

VPT
(cm3/g)
0.20
0.17
0.19
0.07
0.09

dCeO2, 111
(nm)
5.4
n.a.
34.9
13.2
4.6

Ce4+ - Ce3+
(%)
67
60
50
72
72

a – denoting the H2O/C2H6O2 ratio

Different synthesis approaches and aging conditions
greatly influence the specific surface area of the
prepared materials. Powders with the highest BET
surface area were obtained by glycothermal
synthesis
(Table
1)
and
homogeneous
coprecipitation approach. Hydrothermal aging in
alkaline solution yielded materials with welldeveloped internal structure, whereas during
combustion synthesis the precursors are exposed to
high temperatures that result in highly sintered
mixed oxides. In glycothermal synthesis, the
structure of the obtained powders was further
optimized by rapid cooling and decreasing the
solvent amount.
All the preparation methods yielded powdered
solids with high mobility of oxygen (Table 1) within
the crystalline lattice structure. By glycothermal
aging and combustion synthesis, nanocrystalline
homogenous solid solutions of CeO2-ZrO2 were
obtained (dCeO2, 111 < 6 nm), which displayed onestep reduction feature at temperatures below 750 °C.
In this temperature range structurally segregated
materials (separate CeO2 and ZrO2 crystal phases,
dCeO2, 111 > 10 nm) obtained by hydrothermal and
homogenous coprecipitation methods express
considerably lower oxygen storage capacities.
Preliminary CO2-CH4 reforming activity tests over
Ni-Co/CeO2-ZrO2 catalysts, prepared by various
techniques, reveal that low H2 amount has to be
present in the reactant feed during the transition
process from activation to reforming in order to
maintain active catalyst components in the metallic
state. The 3 wt. % Ni-Co/CeO2-ZrO2 tested catalyst
exhibits very promising carbon resistance
properties, as during the reforming of undiluted
model biogas streams (Fig. 1) negligibly low
3% Co-Ni/Ce
Zr0.2O2 EG + DP after the reaction.
amount of carbon
was
0.8 identified
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Fig. 1. Gas product stream composition in CO2-CH4 reforming
(3 % Ni-Co/CeO2-ZrO2 EG catalyst, WHSV = 34 l/(gcat·h)).

References:
[1] Catal. Today 144 (2009) 318-323.
[2] Chem. Eng. J. 207-208 (2012) 299-307.
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Centre of Excellence “Low Carbon Technologies”,
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Chemical technology of nitric acid production is
one of the main ways for fixation atmospheric
nitrogen and the largest industrial source of N2O
emissions. Accordingly to the Kyoto Protocol,
nitrous oxide (N2O) is a strong greenhouse gas,
which shows 310 and 21 times higher global
warming potential (GWP) as compared to those of
CO2 and CH4, respectively [1]. Thus, the
development of new technologies for N2O
decomposition in exhaust-gases is a challenging
task in chemical and environmental engineering.
Recently, a lot of research has been done with Cu
based catalysts, which are active in nitrous oxide
decomposition reaction. Using CuO-CeO2 mixed
oxide for catalytic degradation of N2O also shows
promising results [2,3]. The main purpose of this
work was to investigate an influence of preparation
conditions on structural and catalytic properties of a
novel nanostructured CuO-CeO2 mixed oxide.
The presented research deals with the preparation of
a mesoporous CuO-CeO2 catalyst using hard
template method. KIT-6 mesoporous silica was
impregnated by aqueous solutions of copper and
cerium nitrates and calcined at 400 oC. In order to
obtain CuO-CeO2 solids, the template was removed
by NaOH leaching. After drying, mesoporous
materials with Cu content ranging from 10 to 50
mol. % were obtained. The synthesized
nanostructured material was inverse replica of
mesoporous KIT-6 silica, structure of which was
identified by N2 adsorption/desorption and lowangle XRD analyses. Materials were further
characterized by BET, SEM, XRD, H2-TPR,
TGA/DSC, FTIR and TPD techniques using various
probe molecules. Catalytic activity was investigated
in a fixed-bed reactor operating in the temperature
range from 300 to 550 oC with N2O feed
concentration of 2500 ppmv (GHSV=45000 h-1).
BET surface area and average pore size of prepared
samples are negligibly dependent on chemical
composition and equal to 150 m2/g and 3 nm,
respectively. Accordingly to H2-TPR examination,
reduction temperature of CuO phase in the mixed

Results of catalytic N2O decomposition runs are in
good agreement with CuO reducibility and XRD
examination data (Fig. 2). The lower the
temperature of reduction, the greater catalytic
activity is. The highest activity is observed for the
catalyst containing 40 mol. % of Cu. Catalyst
surface modification by sodium oxalate further
results in higher activity by a factor of two. The
prepared mesoporous CuO-CeO2 solids show good
catalytic stability, which was confirmed by longterm stability tests performed in the period of 100 h.
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Figure 1. H2 - TPR spectra of CuO-CeO2 solids.
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oxide is due to synergetic effects shifted to lower
temperatures, when compared to pure CuO (Fig. 1).
By increasing Cu content from 10 to 40 mol. %,
reduction peaks appear at lower temperatures.
Further increase of Cu content leads to broader
reduction peak, with the shift of a maximum to
higher temperatures. Accordingly to XRD
examination, particle size of CeO2 phase is nearly
5.5 nm. Segregated CuO phase is observed for
samples with Cu content above 40 mol. %.
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Figure 2. Results of catalytic experiments.
References:
[1] http://unfccc.int/di/DetailedByGas.do.
[2] A. Adamski, W. Zajac, F. Zasada, Z. Sojka
(2012) Catal. Today, 191, 129.
[3] H. Zhou, Z. Huang, C. Sun, F. Qin, D. Xiong,
W. Shen, H. Xu (2012) Appl. Catal. B, 125, 492.
21

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013
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Reactions for Biodiesel Production using
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Transesterification of different oils using various
alcohols was studied utilizing homogeneous and
heterogeneous catalysis based on fatty acid
composition of tri-, di- and monoglycerides, and
fatty acid alkyl esters, which were individually
quantified
by
high-performance
liquid
chromatography (Figure 1). Detailed reaction
kinetics of oil transesterification were studied based
on mechanism and reaction scheme of individual
triglyceride, diglyceride, monoglyceride, glycerol
and fatty acid methyl ester containing different
combinations of gadoleic, linoleic, linolenic, oleic,
palmitic and stearic acids determined by highperformance liquid chromatography. A model was
developed describing the chemical kinetics and
thermodynamics, and transport phenomena during
the transesterification to biodiesel. Pre-exponential
factors and activation energies of individual
reactions were correlated with the molecular
structure of reactants, intermediates and products.
Kinetic parameters were thus correlated with
molecular structure in terms of chain lengths and
double bonds by response surface models. Mass
transfer during initial emulsion phase was
acknowledged by determining diffusivities,
distribution coefficients, molar volumes, boiling
points and viscosities of individual components.
Both for homogeneous and heterogeneous catalysis,
experiments were performed in a batch reactor over
a wide range of temperatures, rotational speeds of
impeller (hydrodynamic conditions), phase ratios of
reactants (dispersed and continuous phase ratios)
and alcoholysis catalyst contents, and served for
model validation. Economics of the process were
finally evaluated in terms of alcoholysis cost and
price breakdown. The advantage of the presented
reaction kinetics model is in its functionality upon
knowing the composition of oil resource, whereas
ordinarily, kinetic parameters would be systemspecific. Proposed methodology may be usefully
applied to transesterification syntheses employing
heterogeneous catalysis and enzymes, as well as

various renewable resources such as microalgae
lipids, waste oils, bioethanol, and biobutanol.
References:
[1] I. Poljanšek, B. Likozar, (2011), Influence of mass
transfer and kinetics on biodiesel production process, Mass
transfer in multiphase systems and its applications, InTech,
433−458.
[2] B. Klofutar, J. Golob, B. Likozar, C. Klofutar, E. Žagar,
I. Poljanšek, (2010), The transesterification of rapeseed and
waste sunflower oils: Mass-transfer and kinetics in a laboratory
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Bioresource Technology, 101, 3333−3344.

Figure 1: Identification of chemical species and single
compounds in a reacting mixture and comparison between the
chromatograms for the samples obtained during the experiment
of the transesterification of canola oil with methanol (50 °C,
400 rpm, oil/alcohol ratio of 1:6 (mol/mol), and 0.8 wt.%
catalyst per oil weight) at 0 min (a), 5 min (b), and 50 min (c);
the symbols represent gadoleoyl (G), linolenoyl (Ln), linoleoyl
(L), oleoyl (O), palmitoyl (P), and stearoyl (S) radicals.
(b), and 50 min (c); the symbols represent gadoleoyl (G),
linolenoyl (Ln), linoleoyl (L), oleoyl (O), palmitoyl (P), and
stearoyl (S) radicals.
22

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

23

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

The organic approach toward an artificial
retina
Guglielmo Lanzani (1,2), Diego Ghezzi (3),
Mariarosa Antognazza (1), Fabio Benfenati (3)

1) Center for Nano Science and
Technology@PoliMi, Istituto Italiano di Tecnologia
Via Pascoli 70/3 20133 Milano – Italy
2) Dep.of Physics Politecnico di Milano Piazza L.
Da Vinci 32 20133 Milano – Italy
3) Department of Neuroscience and
Neurotechnologies Istituto Italiano di Tecnologia
Via Morego 30 16163 Genova – Italy
Organic semiconductors can be used to reproduce
the natural retina photoreceptor spectral response in
standard photo-diodes [1]. Starting from this result
we further develop hybrid solid liquid photodiodes
that can naturally interface to a biological
environment through the electronic/ionic interface
[2]. The next step was demonstrating that primary
neurons (from rat brain) grown on top of a
photovoltaic semiconducting polymer acquire light
sensitivity [3]. This occurs through a specific
mechanism of cell stimulation by polymer
photoexcitation (CSP) that will be discussed in the
presentation. Following the promising outcome we
then studied explanted retinas put in contact with
our organic device. We will show that blind retinas,
i.e. retinas with severe damage of the
photoreceptors, do regain light sensitivity, as
demonstrated by ganglion cell electrical activity
upon illumination [4]. The process, its relation to
CSP, perspective and future developments will be
discussed.
References: [1] M. Antognazza et al., Appl.
Phys. Lett. 90, 163509 (2007)
[2] M. Antognazza et al., Appl. Phys. Lett. 94,
243501 (2009)
[3] Diego Ghezzi et al., Nat. Commun.2,166
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[4] Diego Ghezzi et al., Nat. Photonics Advanced
On Line Pubblication
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Application of MoS2:P3HT blends as active
material in organic solar cells
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Organic photovoltaic cells are being studied
intensely as versatile, low cost renewable energy
sources. Due to the large exciton binding energy in
organic semiconductors, efficient carrier separation
requires a fine-grained blend of electron donor and
acceptor materials (bulk heterojunction). In the most
common combination conjugated polymer/PCBM (a
soluble C60 derivative), an important limit on the
device efficiency are the rather low carrier
mobilities on both moieties. Here we propose highly
exfoliated MoS2 as an alternative electron acceptor.
MoS2 is an n-type semiconductor which exhibits a
significant variation of bandgap energy values when
it is exfoliated to a few layer sheets1. With a LUMO
level similar to PCBM, its electron mobility2 of 200
cm2V-1s-1 is five orders of magnitude higher3 than
that of PCBM, its energy gap (with any number of
layers) is better matched to the sun spectrum and its
2d shape may enhance the crystallinity and hence
the hole mobility of the polymer. We compare the
P3HT:MoS2 and P3HT:PCBM solar cells prepared
by spin casting and evaluate the optimal MoS2 mass
concentration in the active layer.
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Study of field effect mobility in PCBM films and
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Organic/inorganic nanocomposites of conjugated
polymers (electron-donating component) and
semiconducting nanocrystals (electron-accepting
component) have been extensively studied as
promising systems for photovoltaic energy
conversion.
Among
electron
acceptors,
nanostructured metal oxides [1] and metal
chalcogenides [2] have been previously used in
photoactive layers in bulk-heterojunction (BHJ)
solar cells. Molybdenum disulphide (MoS2) is a
semiconductor with an exceptionally high
absorbance of visible light. Its fundamental band
gap is indirect (1.3 eV) and is followed by a direct
gap at 1.85 eV. Electrical conductivity depends on
specific geometry (1D, 2D, 3D) and density of
structural defects. In single crystal bulk MoS2 DC
conductivity at RT is 0.1 S/cm and 10-4 S/cm in
direction parallel and perpendicular to layers,
respectively [3]. A single monolayer of MoS2 has
shown relatively high values of charge carrier
mobility of ~60 cm2/(V·s) at 250 K [4]. Due to its
optical and electrical properties, MoS2 has been
considered as a promising material for photovoltaic
applications.
We will present investigations on blends of
conductive polymer poly(3-hexylthiophene) (P3HT)
and size controlled MoS2 nanotubes (NTs). Blends
were prepared focusing on procedures which do not
alter electrical and optical properties of nanotubes,
i.e. without surfactants. After disassembly of as
grown hedgehog-like self-assemblies of the MoS2
NTs, relatively homogeneous dispersions of the
NTs in P3HT were prepared. Thin films of these
blends were prepared via spin coating. The NTs
were found efficiently wetted by the P3HT and
nearly completely immersed in the films. Surface
structure was composed of pure P3HT lamellae.

Photoluminescence spectra taken on both blend
solutions and P3HT/MoS2 NTs thin films revealed a
quenching effect, which depends on concentration
of NTs [5]. We found the concentration threshold of
MoS2 NTs within P3HT, which may determine
charge transfer phenomena between P3HT and
MoS2 NTs.
Results of optical microscopy and spectroscopy
investigations, scanning tunneling (STM) and
conductive atomic force microscopy (c-AFM) and
scanning electron microscopy studies will be shown.

Figure 1: Optical absorption (a) and photoluminescence (b) spectra of pure P3HT and P3HT/MoS2
NTs thin films for different relative P3HT/MoS2
concentrations.
Acknowledgements The authors acknowledge
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Excellence Namaste for financial support. The
COST Action MP0902 “COINAPO” is greatly
acknowledged for promoting the present
collaboration work and supporting exchange of
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The photovoltaic properties of MoSI-embedded
P3HT:PCBM solar cells have been studied and
compared to the properties of control P3HT:PCBM
cells. One of the limiting factors for the low
efficiency is inefficient charge carrier transport.
Since the MoSI nanowires are electron conductors
along the wire axes, in addition to the usual hole
conduction via polymer, an improved electron
transport is expected, potentially significantly
increasing the cell efficiency. The MoSI-embedded
solar cells consisting of 70 nm thick active layer
prepared by spin coating and thermal deposition
showed significant efficiency increase of 21 % over
the control cells. All MoSI-embedded cells
exhibited an open circuit voltage increase of 0.04 V.
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lithium sulphur batteries
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Due to their low cost and high energy density
rechargeable Li-S batteries are among the most
promising energy storage devices. Sulphur has a
theoretical gravimetric energy density up to five
times greater than that of present lithium-ion battery
technologies. Despite these advantages, massive
implementation of Li–S batteries remains hindered
by various challenges that mainly arise from the
cathode. The major problem is rapid capacity
fading, which is due to dissolution of polysulphide
anions (Sn2−) - intermediate reaction species formed
on charge and discharge - from the cathode into the
electrolyte. The polysulphide anions act as an
internal redox shuttle, which gives rise to low
columbic efficiency. Recently, improved capacity
fading of cathode composite has been achieved by
combining mesoporous carbon, mesoporous silica
(SBA-15), and elemental sulphur.1,2
Zeolites
are
crystalline
microporous
aluminosilicates that are known for a wide variety
of structures, high specific areas, precise and
uniform pore size as well as for their ability to be
functionalised for specific purposes. Incorporation
of transition metals into their framework generates
different types of catalytically active sites.
Manganese functionalised silicalite-1 (MnS-1)
crystals with particle size of 100 to 200 nm were
synthesized hydrothermally via classical and
microwave procedures. MnS-1 synthesized under
classical procedure contains Mn3+ active sites in the
framework whereas MnS-1 synthesized under
microwave procedure possesses extra-framework
Mn3+ active sites in the form of manganese oxides.3,4

assume that, most likely, the hydrophilic pores of
silicates reversibly adsorb/absorb the lithium
polysulphides and release them near the end of
discharge.
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Figure 1: Comparison of cycle efficiency and
discharge capacity of best mesoporous silicates and
zeolites.

Figure 2: Discharge capacity for zeolite MnS-1
with different manganese active sites and without
manganese (S-1).

In this presentation we report a good capacity
retention of the Li-S cell through the use of different
mesoporous silicate and zeolite additives as
polysulphide reservoirs and examine the role of
surface and pore absorption. Mesoporous silicates
with high specific surface area and the zeolite with
manganese oxides on the surface were found most
effective in retaining the soluble polysulphides
inside or near the cathode thus limiting the fraction
that takes part in the sulphur shuttle mechanism. We
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Towards realizing magnetic materials and
nanostructures based on graphene:
a theorist’s perspective
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Graphene is a two-dimensional allotrope of
carbon which presents a large number of
opportunities for tailoring its physical
properties by nanostructuring, disorder,
chemical functionalization, and other means. In
my talk, I will focus on our theory efforts
directed towards creating graphene-based
magnetic materials and nanostructures with
potential applications in spintronics [1]. In
particular, I will discuss the scenarios of
ferromagnetic and antiferromagnetic ordering
in graphene nanostructures of various
dimensionalities: finite-size fragments [2],
nanoribbons [3,4], disordered graphene and
graphite [5,6]. Special attention will be devoted
to our joint experiment/theory investigation of
chiral graphene nanoribbons with atomically
smooth edges [4,7,8]. The scanning tunnelling
spectroscopy reveals the presence of onedimensional edge states in graphene
nanoribbons of different chirality and width,
while model calculations provide a strong
indication of a magnetically ordered state
driven by electron-electron interactions.
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Basic blocks of DNA are very
interesting constituents for designing different
supramolecular assemblies.
Among nucleobases, guanine and its derivatives
are of particular interest due to their ability to
self-associate into stable structures, different
from standard Watson-Crick base pairing
related assemblies [1].
Our recent studies of monolayer films of
nucleoside derivatives at the air-water interface
(Langmuir films) also revealed a unique
behaviour of guanosine derivatives [2]. In
addition, we found that the number of lipophilic
chains attached to the sugar hydroxyl groups
strongly affects the molecular assembly of
guanosine derivatives in Langmuir-Blodgett
(LB) films [3].
Self-assembling properties of guanosine
derivatives with one and two lipophilic chains
of different lengths (aliphatic chains of 10 and
16 carbons) at the air-water interface and after
transfer to different solid substrates (mica,
SiO2) have been studied by film balance
experiments, Brewster angle microscopy
(BAM) and atomic force microscopy (AFM).
Both derivatives with one lipophilic chain
(decanoyl or hexadecanoyl chain) exhibit
similar spreading behaviour with profound first
order phase transition from the liquid expanded
to the liquid condensed phase. Higher collapse
pressure in the case of longer chain derivative is
attributed to better balance between hydrophilic
headgroup and hydrophobic chain. Both
derivatives form ribbon like structures which
are formed already on water surface and they
remain practically unmodified after transfer to
the solid substrate (Fig. 1). On the other hand,
double chain derivatives exhibit more diverse

behaviour. While the derivative with two
decanoyl chains exhibits liquid expanded as
well as liquid condensed phase, the derivative
with two hexadecanoyl chains reveals only
condensed analogous phase with a collapse
pressure of 49 mN/m. BAM and AFM images
show formation of very homogeneous films
with high surface coverage in the case of both
double chain derivatives.

200 nm
Figure 1: Self-assembly of guanosine derivative
with one hexadecanoyl chain (a) at the air water
interface (BAM) and (b) after transfer to Si/SiO2
substrate (AFM).
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Photoelectrochemical investigation of textured
porous CuO thin films prepared from
electrodeposited CuCl
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Here we report a novel route for electrodeposition
of CuCl films on fluorine doped tin oxide (FTO)
electrodes. The electrodeposition of CuCl was
carried out in a two-electrode cell in the presence of
Cu2+ and Cl ions. Detailed analysis confirmed that
reduction of Cu2+ to Cu+ happens at the vicinity of
the FTO electrode, which in the presence of excess
Cl ions favors the formation of insoluble CuCl
phase. Due to the relatively low solubility product
constant (Ksp) of CuCl in water which is in the
order of Ksp=1.9107 we were able to
electrodeposit this material on FTO substrates.1 The
obtained CuCl film is dense and the film thickness
is in the order of ~8 m. This electrodeposition
process also holds for the preparation of CuBr thin
films. Annealing of the as-prepared CuCl films at
380 °C, 420 °C, and 460 °C, in air, yielded CuO
phase. Figure 1 shows SEM images taken from a
representative CuO sample that was annealed at 460
°C. The obtained CuO film exhibit textured fetaures
with average grain sizes in the order of 300 nm.
Detailed X-ray diffraction (XRD) studies confirmed
that complete transformation of CuCl to CuO phase
happens at temperatures above 420 °C for 30 min.
The obtained CuO films were tested for water
splitting reaction in a three-electrode configuration
cell (Fig.1). The highest obtained photocurrent
density is in the order of 1.5 mA/cm2 at 0.0 V vs.
reversible hydrogen electrode, RHE, for the sample
annealed at 460 °C. We attributed this observed
photocurrent response to photocorrosion which
happens on the CuO electrode surface. Furthermore,
the photoresponce of the CuO electrodes were also
studied in the presence of I/I3 redox couple in
propylene carbonate solution. The experiments in
I/I3 redox couple confirmed that the
photoresponce
arises
entirely
from
the
photogenerated current in the CuO films. By
employing I/I3 redox couple we conclude that the
films are stable in non-aqueous solution. Further
research will be focused on stabilising the
electrodes in aqueous environment by coating them
with a protective layer. The current method seems a
promising way for preparation of textured porous
CuO films for light harvesting applications.

Cu 2O + H 2O + 2e-
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Figure 1. (a) Operational principles of the PEC cell.
(b) Current density vs potential of CuO films under
100 mW/cm2 illuminations obtained with chopped
light in 0.5 M Na2SO4 aqueous solution. The inset in
(b) is the photocurrent recorded at 0.0 V RHE.
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Novel chemical routes for the alkali metal
“doping” of polycyclic aromatic hydrocarbons
and characterization of their physical properties
Gašper Tavčar, Aleš Štefančič, Anton Potočnik,
Denis Arčon
Jožef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia

Superconducting materials, i.e. materials in
which the resistance completely vanishes and
magnetic field is expelled below a transition
temperature, Tc, hold a great promise in
addressing current global priority issues such as
energy and the environment. Possible
alternative to current cuprate superconductors
may represent π-conjugated molecular solids, as
was proven in the case of fulleride
superconductivity.1,2 Superconductivity was
reported for the first time in polyaromatic
molecular solid – alkali metal “doped” aromatic
five-ring hydrocarbon system picene, C22H143
thus showing that the concept of π-electron
superconductivity is indeed very promising.
Alkali metal “doped” aromatic hydrocarbon
picene, which most probably forms aromatic
radical anion, is thus completely new class of
molecular
organic
high-temperature
superconductor, which are at present poorly
understood. Very recently the superconductivity
has been reported also in “doped”
phenantrenes4, in potassium-doped 1,2:8,9dibenozpentacene (Tc = 28 K)5 and potassiumdoped coronene.6 However, in all these samples
the superconducting fractions are generally low
(of the order of 1 %) and show multiphase
structures. As a result, the superconductive
components are not identified although they are
probably based on aromatic radical anions.
Here we report on different preparation
procedures on potassium triphenylide system
with the intent to optimize old techniques and
develop new ones. Solid state reactions were
used first in order to collect basic data and
study the behavior of triphenylene under
reducing conditions at elevated temperatures
and compare results. Resulting products were
amorphous, containing larger amounts of
unreacted starting materials. To increase rate of
reaction and prevent surface passivation of
starting compounds amine and ethers as
solvents were tried with better results. Charge

on triphenylide was controlled by molar ratio
between metal potassium and triphenylene in
all cases. Results show that reactions in solution
lead to more homogeneous and crystalline
products, while solid state reactions are
unsuitable for the same task because of surface
passivation of reactants.
All the products were characterized by X-ray
powder diffraction, Raman spectroscopy,
Electron paramagnetic resonance and SQUID
magnetometer.
References:
1. Y. Takabayashi et al., Science 323, 1585 (2009).
2. A. Y. Ganin et al., Nature 466, 221 (2010).
3. R. Mitsuhashi et al., Nature 464, 76 (2010).
4. X. F. Wang et al., arXiv:1111.0820.
5. M. Xue et al., Nature 2, 389 (2012).
6. Y. Kubozono at al., Phys. Chem. Chem. Phys.
13, 16476 (2011).

Figure 1: Solid state preparation of potassium
triphenylide.
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“With a little help from a friend”: the
Picene story + C60
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Mitsuhashi et al. [1] showed that a polycyclic aromatic
compound, the picene molecule, undergoes a
superconducting phase transition when doped with alkali
metals, with Tc around 18 K. The picene molecule
consists of five benzene rings arranged in a zigzag
manner. Theoretical studies on K3picene showed that the
superconductivity could be driven by electron−phonon
(intramolecular) coupling, as in the case of K3C60 [2,3].
On the other hand, other DFT calculations showed that
K3picene turns into a Mott−Hubbard insulator when its
unit cell experiences an enlargement of 5%, [4] like
observed in C60 compounds. Therefore, a fundamental
question has to be addressed: do correlation effects and
crystal arrangements play a decisive role in doped picene
electronic structure and superconductivity as in the case
of C60 compounds?
Here we studied the electronic structure and the
geometric arrangement of picene molecules adsorbed on
Ag(111) by means of photoemission and near-edge X-ray
absorption fine-structure spectroscopies (NEXAFS). The
NEXAFS profiles of different picene layers show a
coverage-dependent orientation, from flat molecules
(monolayer) to an orientation ∼40° for the molecular
long axis with respect to the substrate surface
(multilayer). While the valence band of a picene
monolayer shows a clear metallic state that evolves with
alkali metal doping, in the case of a picene multilayer
there is no evidence of metallic states evolving with
doping, as was also observed by other authors [5]. Our
data suggest that the bulk ultrahigh-vacuum films of Kxpicene are in an insulating phase, and we attribute this
behavior to a strong electron−electron Coulomb
interaction that is instead screened in the monolayer.
However, the comparison with C60 suggests that the
couple C60/picene may behave as an electron
Acceptor/Donor system. The growth of multilayer of
mixed C60/picene molecules indicates that metallic
systems can be observed by photoemission and
further metallic layers are obtained by doping with K.
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Hysteretic current-voltage characteristics of
superconducting channels
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The properties of the resistive state of
the narrow superconducting channels of
different lengths are investigated by direct
numerical integration of the time-dependent
Ginzburg-Landau equations (TDGLEs) [1]. We
have demonstrated that singularities of the
current-voltage
characteristics
(CVCs)
correspond to a number of different bifurcation
points of the TDGLEs. We have revealed the
types of the bifurcations, which induced the
singularities in the CVCs.

oscillations of both the order parameter and
electric ﬁled occur in the channel. As j sweeps
down, the periodic dynamics ceases at certain
retrapping current value jr < jsw. Shunting the
channel by a resistor increases the value of jr,
while jsw remains unchanged. Thus, for some
high enough conductivity of the shunt jr and jsw
eventually coincide, and the hysteretic loop
disappears. We reveal dynamical regimes
involved in the hysteresis, and discuss the
bifurcation transitions between them.
The authors aknowlededge European
Union Framework Programme 7 for financial
support.
References:
[1] L.P. Gor'kov, N.B. Kopnin, Usp. Fiz. Nauk
116, 413 (1975) [Sov. Phys. Usp. 18, 496 (1975)].
[2] M. Lu-dac and V. V. Kabanov, Phys. Rev. B
79, 184521 (2009).
[3] V. V. Baranov, A. G. Balanov, V. V.
Kabanov, Phys. Rev. B 87, 174516 (2013).

We theoretically study how the
dynamics of the resistive state in narrow
superconducting channels shunted by an
external resistor depends on channel’s length L,
the applied current j, and parameter u
characterizing the penetration depth of the
electric
ﬁeld
in
the
nonequilibrium
superconductors. We show that changing u
dramatically aﬀects both the behaviour of the
CVCs of the superconducting channels and the
dynamics of their order parameter.
Previously, it was demonstrated that
when u is less than the critical value uc1, which
does not depend on L, the phase slip centers
appear simultaneously at diﬀerent spots of the
channel. Herewith, for u > uc1 these centers
arise consecutively at the same place [2]. In our
work we demonstrate that there is another
critical value for u [3]. Actually, if u does not
exceed a certain value uc2, which depends on L,
the current-voltage characteristic exhibits the
step-like behaviour. However, for u > uc2 it
becomes hysteretic. In this case, with increase
of j the steady state, which corresponds to the
time independent distribution of the order
parameter along the channel, losses its stability
at switching current value jsw, and time periodic
38

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

39

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

Carbon nanotube thin films for flexible
electronics applications
Yutaka Ohno
Department of Quantum Engineering, Nagoya
University, Nagoya 464-8603, Japan
Flexible and stretchable electronics are attracting
much attention because of the variety of possible
new applications from flexible e-papers though
sensors and medical devices having an affinity with
human body. Among various kinds of electronic
materials, carbon nanotube (CNT) thin films have
advantages
in
flexibility,
stretchability,
performance, and cost because of the excellent
electronic and mechanical properties and
processability. Their optical transparency also
attractive to realize transparent electron devices. In
my presentation, I will talk about recent progresses
on flexible electronics based on CNT thin films,
including our recent works on transparent
conductive film (TCF) applications and thin film
transistor (TFT) applications..
To produce TCF devices based on CNTs at
ultimately low cost, we have developed a technique
for one-step micro-patterning of as-grown CNT
films on a plastic substrate with sub-10-m
resolution on the basis of the dry transfer process
[1]. By utilizing this technique, we demonstrated the
novel high-performance flexible CNT TCF with a
micro-grid structure, which enabled improvement of
the performance over the tradeoff between the sheet
resistance and transmittance of a conventional
single-layered CNT film. The sheet resistance was
reduced by 46% by adding the micro-grid. We also
demonstrated easy fabrication of multi-touch
projected capacitive sensors with 12  12
electrodes. The technique is quite promising for
energy-saving production of transparent conductor
devices with 100% material utilization.
We have also developed a method to realize
high-mobility CNT thin films, based on a gas-phase
filtration and transfer process [2]. CNTs were grown
by a floating-catalyst CVD technique, wherein
catalyst particles were produced by decomposition
of ferrocene vapor in the source gas. The CNT
network was collected by filtering through
membrane filters at room temperature. The CNT
network was transferred from a membrane filter to
the substrate with electrodes of TFTs. This
technique enables to form CNT films with high
mobility and controllable threshold voltage on a
plastic film. A TFT fabricated on a Si substrate with
the transfer technique exhibited a high mobility of
634 cm2/Vs with on/off ratio of 6106. Various

integrated circuits (ICs) such as basic logic gates
(NOR and NAND), 21-stage ring oscillators, resetset flip-flops (RS-FFs), and delay flip-flops (D-FFs)
were demonstrated on a transparent plastic film as
shown in Fig. 1.
All-carbon TFTs and ICs, in which the
electrodes and interconnections consist of CNT film
and the insulators consist of PMMA, have also been
realized [3]. The devices had an optical
transparency of ~80%. Various kinds of functional
ICs were demonstrated at relatively low operation
voltage of 5 V even for the thick polymer gate
insulator. A bending test verified the good
flexibility of the all-carbon devices. Moreover, the
all-carbon devices exhibit unique moldability,
which is quite important property of plastic
materials to produce plastic products from kid’s
toys through electronics devices and medical
devices. We demonstrated three-dimensional domeshape devices formed by the thermo-pressure
forming technique, in which devices were stretched
bi-axially by up to 18%.
Printing process is also attractive to fabricate
devices on a plastic film at low cost. We have
introduced high-throughput flexographic printing
technique, which is a kind of high-speed
typographic printing technique with a flexible relief
plate made of photopolymer, in the fabrication
process of CNT TFTs [4]. Bottom-gate-type CNT
TFTs were fabricated by fully lithography-free and
nonvacuum process on a PEN film. The device
exhibited a high mobility of 157 cm2/Vs. As both
the transfer and flexographic printing processes are
compatible with roll-to-roll processes, this
combination can provide a platform for the highspeed manufacturing of high-performance flexible
devices at low cost.
References:
[1] N. Fukaya et al. (submitted)
[2] D.-M. Sun et al., Nature Nanotech. 6, 156
(2011).
[3] D.-M. Sun et al., Nature Commun. 4, 2302
(2013).
[4] Higuchi et al., Appl. Phys. Express 6, 085101
(2013).

Figure 1: CNT ICs fabricated on flexible, transparent
plastic film.
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Modified titanate nanotubes as promising
photocatalysts for degradation of bisphenol
A solution
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Kaplana, Albin Pintara,b

negative influence on the radical reaction
mechanism, leading to a weaker activity of
these crystalline solids in the examined
reaction.
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Figure 1: Comparison of UV-VIS-DR spectra of
pristine, heat-treated and functionalized TNT-based
photocatalysts.
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The development of semiconductors that are
designed to exploit visible light has been a field
of growing interest during the last years, in
order to carry out oxidation/mineralization
reactions under “green chemistry” conditions,
using oxygen or air as reactant [1]. In this
study, several high specific surface area titanate
nanotube-based
photocatalysts
were
synthesized, followed by their thorough
characterization and investigation of potential
for mineralization of model organic compound
bisphenol A (BPA), which is a well-known
representative
of
endocrine
disrupting
chemicals (EDCs). The synthesis and
characterization details of pristine and heat
treated titanate nanotubes (TNTs) are
thoroughly described in our recent work [2].
The as-prepared and heat-treated TNTs were
exposed to concentrated H2O2 for different time
periods, in order to modify surface properties.
Such surface functionalization at ambient
conditions enabled formation of titanium(IV)
peroxo-complexes only on surfaces that were
rich with OH groups (like pristine TNTs); thus,
the sample calcined at 500 °C (OH groups were
stripped off) and subsequently treated with
H2O2 does not exhibit a hump at 420 nm in the
acquired
UV-VIS-DR
(Figure
1).
Functionalization of TNTs enabled enhanced
BPA photodegradation compared to the pristine
TNT sample (Figure 2). More than a three-fold
increase in BPA removal efficiency was
achieved with a simple 1 h pre-treatment of
TNTs with H2O2. On contrary, when the
calcined sample was pre-treated with H2O2, the
photocatalytic performance was worsen
(sample TNT_500_H2O2_1h), since defect sites
(oxygen vacancies) on these anatase particles
were almost recovered to a stoichiometric ratio
of TiO2 after H2O2 treatment. In turn, this had a
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Figure 2: Comparison of BPA degradation obtained
in the presence of pristine, functionalized and heattreated TNT-based photocatalysts.
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Introduction
Bisphenol A (BPA) is an aromatic organic
compound, which is widely used in the production
of polycarbonates and epoxy resins. It is classified
as an endocrine disrupting compound (EDC). The
purpose of this work was to synthesise and
characterise titanate-nanotube based catalysts, and
subsequently examine their catalytic properties in
the CWAO process carried out in a three-phase
trickle-bed reactor, with or without implementation
of recycle.
Experimental/methodology
The catalysts were prepared via hydrothermal
synthesis path. The solids were examined with a
series of advanced techniques (XRD, SEM, EDX,
CHNS elemental analysis, FTIR, UV-VIS-DR and
BET), which is described in detail elsewhere [1].
CWAO experiments were conducted in the
Microactivity-Reference unit (PID Eng&Tech,
Spain), mainly at 200 °C, 25.5 bar of total pressure
and catalyst loading of 300 mg. Feed solution
containing 10 mg/l of BPA was fed continuously
and co-currently with pure oxygen into the tricklebed reactor operating in the LIR regime. Moreover,
experiments with the implementation of recycle
were conducted, where the treated liquid phase was
recycled (5 or 10-fold recycle). The efficiency of
the CWAO process was assessed by determining the
conversion of model pollutant BPA and eventual
intermediates, formed during the oxidative
degradation, by means of advanced analytical
techniques (HPLC, TOC, IC, UV-VIS, LC-MS-MS,
GC-MS).
Results and discussion
The starting material exhibited remarkably high
BET surface area of 380 m2/g. Therefore, the
starting surface area ensures numerous active sites
that enable oxidative degradation of BPA. In the
presence of the catalyst annealed at 600 °C, which
showed fully transformed anatase structure with
crystallites under 20 nm, remarkable BPA and TOC
conversions of 89.9 and 69.2 % were obtained,
respectively, after achieving dynamic equilibrium
between the gas, liquid and solid phase. The
increase of catalyst loading to 500 mg and

temperature to 210 °C, resulted in complete
conversion of BPA (Fig. 1), accompanied with 68.6
% of TOC removal. The influence of non-catalytic
WAO was examined over catalytically non-active
SiC particles (BET surface area < 0.1 m2/g). In
comparison to the CWAO over titanate nanotubebased catalyst, BPA conversion was decreased for
over 50 % (Fig. 1).

Figure 1: BPA conversion as a function of time in
the presence of SiC (300 mg, ●), TiO2-based
catalyst (300 mg, ■), TiO2-based catalyst (500 mg,
▲).
The implementation of recycle resulted in improved
conversions of treated BPA, referring to the abovepresented results. Complete BPA removal was
achieved during both experiments (5 or 10-fold
recycle), while TOC conversion was increased by
increasing the number of recycles (Fig. 2). More
than 80 % of organic compounds were successfully
mineralized, leaving only estrogenically non-active
short chain carboxylic acids (as confirmed by IC
and HPLC analysis).

Figure 2: BPA and TOC conversions achieved in
the batch-recycle trickle-bed reactor.
Conclusions
This novel catalysts proved to be very efficient for
the destruction of organic molecules like BPA in the
CWAO process. The implementation of recycle
resulted in complete BPA conversion achieved
already at 200 °C, accompanied with 80.8 % of
TOC conversion (10-fold recycle).
References
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nanoparticles in an aqueous suspension
Peter Dušak1,2, Alenka Mertelj3, Slavko Kralj1,
Darko Makovec1,2,4
1 Department for Material Synthesis, Jožef Stefan
Institute, Jamova 39, Ljubljana, 1000, Slovenia
2 Jožef Stefan International Postgraduate School,
Jamova 39, 1000 Ljubljana, Slovenia
3 Complex Matter, Jožef Stefan Institute, Jamova
39, 1000 Ljubljana, Slovenia
4 CENN Nanocenter, Jamova39, Ljubljana,
Slovenia
Superparamagnetic nanoparticles are promising
materials for a wide range of applications in
biomedicine, e.g., drug-delivery vehicles, contrast
agents in magnetic resonance imaging and
biotechnology, e.g., magnetic separation. The most
frequently used nanoparticles in the abovementioned applications are maghemite (γ-Fe2O3)
nanoparticles, because their synthesis is inexpensive
and they are approved by the U.S. Food and Drug
Administration (FDA) for therapeutic use in
humans. Such nanoparticles are usually coated and
functionalized with surfactants or polymers that
stabilize the nanoparticles in suspension and provide
adjustable surface properties for the specific
application of interest.
The study of colloidal stability and the controlled
aggregation kinetics of nanoparticles has been an
important aspect of colloid science. The DerjaguinLandau-Verwey-Overbeek
(DLVO)
theory
describes colloidal stability and it could be used to
explain the electrostatic stability of nanoparticles in
their aqueous suspensions. Studies have found that
suspension pH and ionic strength are the main
factors affecting colloidal stability and the
aggregation kinetics of nanoparticles. The
aggregation behavior of nanoparticles in different
colloidal systems is still not well understood. In
aqueous suspensions, the aggregation of
nanoparticles is due to the interaction between the
nanoparticle surfaces and the aqueous components,
and is strongly influenced by several factors such as
the ionic strength, the concentration of suspended
nanoparticles, and other suspension components.
The pH value of the suspension is another very
important factor affecting the nanoparticle
agglomeration, especially at the pH of the
suspension when it approaches the pH of the point
of zero charge.
In this work the heteroagglomeration of the
maghemite and silica nanoparticles for the variable
ionic strength of their aqueous suspensions was
investigated in order to prepare superparamagnetic

agglomerates. The surfaces of the nanoparticles
were specifically functionalized using silane
molecules with amino or carboxyl terminal
functional groups. Finally, both types of
nanoparticles were heteroagglomerated in their
aqueous suspensions due to the electrostatic
attractive interactions between the nanoparticles
displaying opposite electric surface charges in
suspensions with variable ionic strength.
The aim of this work was to study the influence of
ionic strength on the colloidal stability of the
suspensions
and
its
influence
on
the
heteroagglomeration of nanoparticles in the model
system. The carboxyl-functionalized maghemite
nanoparticles with their size of around 20 nm and
the amino-functionalized silica nanoparticles with a
size of around 100 nm were used as a model system.
The ionic strength was controlled by adding the
monovalent electrolyte (KCl).
The heteroagglomeration between the negatively
charged maghemite nanoparticles and the positively
charged silica nanoparticles were studied as a
function of the ionic strength of both types of initial
suspension.
The initial suspensions of the functionalized
nanoparticles
and
the
heteroagglomerates
synthesized in the suspensions were characterized
using electro-kinetic measurements of the zetapotential, dynamic light scattering (DLS) and
transmission electron microscopy (TEM).
The results suggest that the change of ionic strength
of the suspensions has an effect on the coverage of
the larger silica nanoparticle in the core of the
heteroagglomerate with the small maghemite
nanoparticles due to attractive electrostatic
interactions.

Figure 1: TEM photograph of formed
heteroagglomerates (a) without added KCl and (b)
with added KCl.
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NEXAFS Measurements of Nanoribbons:
Nanoscale Spectroscopy with Polarized X-rays.

differences beyond the first –nearest-neighbour
shell rather than distortion of individual octahedra.
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Transmission X-ray microscopy (TXM) is a popular
microscopy technique used in biology. Recently, we
have extended the range of its applications to the
spectroscopic characterization of nanoscale
materials by combining it with near-edge X-rayabsorption fine-structure spectroscopy (NEXAFS–
TXM) [1]. State of the art TXMs allow a spatial
resolution of 11 nm. However, we show in the
current study that the combination of NEXAFS–
TXM with high-level theoretical modelling allows
us to move beyond this spatial-resolution limit and
extract more spatially refined information [2].
We investigate the electronic structure of an
isolated sodium titanate nanoribbon (TiNR) by
means of NEXAFS-TXM coupled with firstprinciples NEXAFS calculations (density functional
for the O K-edge and multichannel multiple
scattering (MCMS) method for the Ti L2,3-edge
spectra) [3]. The susceptibility of both O K-edge
and Ti L-edge features to the local bonding
environment in TiO2-based materials makes
NEXAFS ideal for providing diagnostic information
about the crystal structures and oxidation states. The
electronic structure of the nanoribbons is discussed
in terms of the ligand field splitting of the Ti ions
and the connectivity of the TiO6 octahedral network.
Figure 1 shows the Ti L-edge recorded in isolated
TiNRs for the E-vector parallel and perpendicular to
the main axis of the nanostructure. The titanium Ledge NEXAFS spectrum of the TiNRs shares
common general features with the anatase NEXAFS
spectrum: they are composed of distinguishable
peaks in the range between 455 and 470 eV
corresponding to excitations of the Ti 2p states into
the empty Ti 3d states. The Ti L-edge shows two
groups of peaks arising from the spin-orbit splitting
of the Ti 2p core level into 2p1/2 (L2-edge) and 2p3/2
levels (L3-edge), corresponding to Ti(IV) in a
tetragonal structure. The most prominent difference
between the TiNR and anatase spectra is the
absence of splitting of the fine structure in the L3–eg
band. Using the MCMS method, Krüger showed
that the this splitting in TiO2 is due to structural

Figure 1. a) TXM image recorded at hν = 460 eV.
b) Ti L2,3 edge recorded with the E-vector parallel or
perpendicular to the main axis of the nanoribbon.

Figure 2. Calculated NEXAFS spectra. Ti atoms at
different sites of the TiNRs structure (Figure 2c) (a)
and (b) the total spectrum. (c) Ball-and-stick model
of one Ti3O7 sheet of the generally accepted
structure of TiNRs. Ti atoms in blue (1, 2, 3 three
nonequivalent sites) and O atoms in red.
We performed a series of MCMS calculations [3]
using the structural model “H(1,3)” for H2Ti3O7.
The calculated Ti L2,3 spectra of the TiNRs is shown
in Figure 2b. The excellent agreement between the
experimental data and the theoretical modeling
confirms the assignment of the TiNR structure to a
layered titanate of the H2TinO2n+1 family.
The connectivity of the octahedral will be discussed
taking in consideration the O K-edge
High-level spectroscopic modeling appears to be an
important way to extend further the resolution of
NEXAFS–TXM towards the atomic limit.
[1] P. Guttmann et al Nature photonics, 6, 25-29
(2012)
[2] C. Bittencourt et al Beilstein J. Nanotechnol. 3,
789–797 (2012)
[3] P. Krüger Phys. Rev. B 81, 125121–125126,
(2010)
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Atomic resolution scanning transmission electron
microscope – first results and impressions
Goran Dražić
Laboratory for materials chemistry, National
Institute of Chemistry, Ljubljana, Slovenia

In the lecture the new state-of-the-art atomic
resolution
scanning
transmission
electron
microscope (AR-STEM) will be presented. The ARSTEM project was conjointly run by the Centre of
Excellence for Low Carbon Technologies (CONOT)
and the National Institute of Chemistry (NIC).
The microscope (Jeol JEM ARM 200 CF) is fitted
with a cold field-emission gun and probe spherical
aberration corrector (CESCOR unit from the CEOS,
Germany). It enables atom-by-atom imaging
resolution and spatial resolution for atom-to-atom
chemical mapping of materials. The system is
equipped with the new energy-dispersive x-ray
spectrometer (Centurio 100 mm2, JEOL) for fast
elemental mapping and with the new energy filter
(QuantumGIF, Gatan, USA) for electron energyloss spectroscopy with DualEELS capability,
energy-filtered TEM (EFTEM) mapping and
ultrafast spectrum imaging (SI)

Figure 1: Jeol ARM 200 CF probe Cs corrected
STEM microscope

The range of the materials that will be analysed is
very wide, from material science where
nanopartciles, crystal defects, interfaces and surface
phenomena will be studied to life science with cryoelectron microscopy, single particle analysis and
EM reconstruction.
Beside the explanation of the characteristics and
capabilities of the instrument the first results and
impressions will be displayed and commented.

Figure 2: Testing the resolution, dumbbells of
silicon atoms in monocrystalline Si observed at
[110] zone axis. The inset is the position of the
atoms inside the model structure of Fd-3mS silicon.
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CHALLENGES AND NEW MILESTONES IN
SCANNING PROBE MICROSCOPY
Violeta Simic-Milosevic
SPECS Surface Nano Analysis GmbH, Voltastrasse
5, 13355 Berlin, Germany
e-mail: violeta.simic-milosevic@specs.com
Due to miniaturization of modern devices down to
the nanoscale the importance of knowledge and
control of surface properties for the correct device
operation is continuously increasing. Often such
devices are working at elevated or near ambient
pressures of defined working gas mixtures, in liquid
media, or electric potentials or magnetic fields have
to be applied. Also extremely low or high
temperatures might be necessary.
To contribute to advanced materials analysis and
development in future means using scanning probe
microscopy (SPM) and related techniques as a key
tool for nanotechnology in the generic or near
generic device environments.
This work summarizes and presents existing
solutions and future development routes to new
instruments for materials analysis being functional
under extreme conditions. Finally applications,
examples and results will be presented.
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Non-eroding nanoporous materials: Novel
concepts for controlling drug release

strategies for the drug release are as depicted in
Figure 1.

Moom Sinn Aw,1,3 Yang Yu,1 Karan Gulati,2
Spomenka Simovic,1 Dusan Losic2

This presentation will provide an overview on
the preparation and the characterisation of these
nanostructures,
the
approaches
used
for
investigating various types of drug release in an in
vitro regime, and a final emphasis on TNT
fabricated on titanium (Ti) wires extended for ex
vivo studies in a three-dimensional bone bioreactor,
simulating real-life orthopaedic conditions in order
to investigate drug-release kinetics and to prode
drug distribution within the bone environment [8].

1

Ian Wark Research Institute, 2The University of
South Australia; Adelaide University; 3The National
Institute of Chemistry
The ideal drug delivery system (DDS) with
optimal drug performance that is able to meet the
criteria of medical conditions to be treated, such as
deploying medications precisely to specific location
inside the body, at the same time minimising side
effects in non-targeted cells, without being
subjected to metabolism en route, remains elusive to
date [1]. Nearly 90 % of drugs are poorly water
soluble
according
to
biopharmaceutical
classification scheme [2]. Conventional and current
DDS still pose numerous drawbacks, for instance,
high drug concentration from oral tablets and
intravenous injections, because they do not reflect
potency minimisation and maximal drug efficacy
for effective cure in patients [3]. Most importantly,
the dosage of drugs and the duration for dosing
cannot be adequately controlled. As a result, local
DDS (LDDS) is considered the better alternative
over systemic routes to address many of these
limitations, especially by means of local
implantation.
Nanoporous anodic alumina (NAA) and titania
nanotubes (TNT) synthesised via a two-step, selfordering electrochemical process, alongside a
special type of naturally abundant, self-templated
and hierarchically assemblied silica frustules that is
sought from fossilised diatomite - are jointly
recognised
as
non-eroding,
non-toxic,
biocompatible nanomaterials suitable for therapeutic
applications [4]. With regard to their numerous
outstanding properties, the development of LDDS
based on NAA and TNT, as well as novel strategies
for controlling drug release characteristics based on
several methods were carried out. They include
structural modifications of their nanopore/nantube
structures,
alteration
on
their
chemical
functionalities [5], the reduction of pore openings
on their surface by plasma polymerisation [6], the
deposition
of
biopolymer
coatings,
and
subsequently, with the aid of polymeric micelles as
nano-carriers for enhanced drug encapsulation. In
addition to that, several approaches incorporating
external stimuli into these systems, namely,
ultrasound, magnetic nanoparticles and magnetic
field for triggering rapid drug release were also
conducted [7]. The nanoporous materials and
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[1] A.S. Hoffman, J. Controlled Release, 2008,
132, 153-163.
[2] K. Johnson, in Pharmaceutical Product
Development-In Vitro-In Vivo Correlation, M.D.
Chilukuri, G. Sunkara, D. Young, Eds. Informa
Healthcare: New York, 2007, 165, 1-28.
[3] S.L. Tao, T.A. Desai, Adv. Drug Deliv. Rev.,
2003, 55, 315-328.
[4] D. Losic, S. Simovic, Exp. Opin. Drug Deliv.,
2009, 6, 1363-1381.
[5] A.M.Md. Jani, D. Losic, N.H. Voelcker,
Prog. Mater. Sci., 2013, 58, 636-704.
[6] M.S. Aw, S. Simovic, J. Addai-Mensah, D.
Losic, J. Mater.Chem., 2011, 21, 7082-7089.
[7] M.S. Aw, J. Addai-Mensah, D. Losic, J.
Mater. Chem., 2012, 22, 6561-6563.
[8] M.S. Aw, K. Khalid, K. Gulati, G. J. Atkins,
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Nanomed., 2012, 7, 4883-4892.

Figure 1: SEM micrographs of (a) nanoporous
anodised alumina (top view) with inlet showing the
real image of Al2O3 on Al; (b) titania nanotubes
(side view) with inlet showing the real image of
TiO2 on Ti; (c) silica frustules derived from
diatomite; concepts for controlling drug release: (d)
chemical functionalised inner surface; (e) plasma
polymerisation; (f) biopolymer coating; (g) micelles
for drug encapsulation; (h) externally stimulated
drug release using magnetic field and nanoparticles;
(i) ultrasound triggered drug release.
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Microscopic charge transport properties of
pristine and doped carbon nanotube thin film
transistors
Andrej Znidarsic1, Antti Kaskela2, Patrik Laiho1,
Miran Gaberscek1, Yutaka Ohno3, Albert G.
Nasibulin2, Esko I. Kauppinen2 and Abdou
Hassanien1
1

Electrochemical Materials, Department, National
Institute of Chemistry, 19 Hajdrihova, Ljubljana
1000, Slovenia
2
Nanomaterials Group, Department of Applied
Physics, School of Science, Aalto University.
3
Departement of Quantum Engineering, Nagoya
University, Nagoya 464-8603, Japan.

Thin film field effect devices made of single walled
carbon nanotubes have shown a great potential for
applications such as flexible and transparent
electronics. Although the stringent requirement of
electronic type is somewhat relaxed in these films,
we find that the overall properties are influenced by
the, morphological parameters such as number of
intermolecular junctions, nanotubes alignments and
diameters, etc. Here we show how to optimize these
parameters using deposition techniques such as
electrostatic or thermal precipitation, and filtration
through a filter followed by press transfer or
dissolving the filter. We then explore further the
mesoscopic charge transport properties of pristine
and doped treated single-walled carbon nanotube
(SWCNT-N) using a noninvasive atomic force
microscopy. This has allowed us to probe the spatial
electrical conductivity of isolated junctions of
pristine and nitric acid SWCNT-N. By analyzing the
local IV-curves of SWCNTs and bundles with
various diameters, the resistance per unit length and
the contact resistance of their junctions are
estimated to be 3 to 16 kΩ/μm and 29 to 532 kΩ
respectively. We find that the contact resistance
decreases with increasing SWCNT or bundle
diameter and is dependent on the contact
morphology, reaching a value of 29 k at a diameter
of 10 nm. A nitric acid treatment moderately dopes
SWCNTs and reduces their average contact
resistance by a factor of 3 while the resistance of the
nanotubes remains largely unaltered. Remarkably
the same treatment on a SWCNT N shows similar
reduction in the sheet resistance by a factor of 4.
These results suggest that the resistance reduction
mechanism is related to the contact modulation with
no major impact on conductance of SWCNTs.
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Nano Res., 5(5): 307–319 (2012).
2. A. Znidarsic,A. Kaskela, P. Laiho, M.
Gaberscek,, Y. Ohno, A.G. Nasibulin, E.I.
Kauppinen and A. Hassanien. The Journal
of Physical Chemistry C 117, 13324-13330
(2013).

Figure 1: Local electrical properties of SWCNT
intermolecular junction. (a) Measurement layout: A
combination between tapping and contact mode is
used to image and probe the local electrical
properties of isolated SWCNT junctions near the Au
contacts. (b, c) Tapping mode images of X and Y
junctions. (d) Resistance profile across an individual
intermolecular junction.
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Ellipsometric characterization of optically
anisotropic AlN thin films with rough surfaces
M. Rigler1, J. Buh2, M. P. Hoffmann3, R. Kirste3,
R. Collazo3, S. Mita4, Z. Sitar3, M. Zgonik1,2
1
Faculty of Mathematics and Physics, University of
Ljubljana, Jadranska 19, 1000 Ljubljana, Slovenia
2
J. Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia
3
Material Science and Engineering Department,
North Carolina State University, 1001 Capability
Drive Raleigh, North Carolina 27606, USA
4
HexaTech, Inc., 991 Aviation Pkwy., Suite 800,
Morrisville, North Carolina 27560, USA

anisotropic layer describes smooth AlN layer (c-).
Fitted results for thickness and degree of roughness
of AlN films are confirmed with the scanning
electron microscope images made on cross-sections
of both thin films (Fig. 2). Moreover, results on
birefringence are also compared with our previous
prism-coupling measurements on N-polar and IIImetal-polar AlGaN thin films.5
We acknowledge the CENN Nanocenter for
the use of following equipment: Accurion Nanofilm
EP3 Ellipsometer and FEI Helios Nanolab 650
Focused Ion Beam.
1

Polarity controlled AlN1 shows great
potential for optoelectronic devices which emit or
detect light in ultraviolet (UV) wavelength regime.
In addition to its large transparency window from
200 nm to 13.6 µm,2 the ability to be grown in two
different directions, III-metal-polar (c+) and N-polar
(c– orientation), can be used for achieving optical
phase matching in nonlinear frequency conversion
process. Quasi phase matching (QPM) uses periodic
modification of the nonlinear crystal to correct the
relative phase mismatch at regular intervals without
matching the optical phase velocities. Coherence
length of such AlN periodic structures for QPM is a
function of the refractive index at the pump and the
frequency doubled wavelength. To determine the
refractive index of AlN films prism coupling or
ellipsometry technique can be used. Unfortunately,
the prism coupling technique is not applicable for
our AlN thin films, as they are not thick enough to
support at least two guided modes.3
Ellipsometry, on the other hand, can be
used for the determination of the dielectric
properties of AlN films of arbitrary thickness. It can
also be used to measure thicknesses and number of
layers in a multilayer film, the interface behaviour,
surface roughness etc.4 AlN is optically anisotropic
material with the optical axis parallel to the growth
direction. It is grown on a sapphire substrate which
is also optically anisotropic material. In addition,
the N-polar AlN tends to grow in a 3D columnar
morphology leading to a rough surface. The root
mean square values of the thickness variations are
typically around 15 nm.
In this research, angular and spectrometric
ellipsometric measurements are done to determine
the ordinary and extraordinary refractive indices of
the c+ and c- thin films (Fig 1). In order to fit
measured ψ and Δ values, all optical and
morphological properties of AlN thin films are
described in full anisotropic, one-layer model (c+)
and two-layer model, where first, isotropic layer
presents roughness of the film and second,
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Figure 1: Angular ellipsometric measurement of ψ
and Δ for N-polar (a) and III-metal polar (b) AlN
thin films at wavelength λ = 658 nm.

Figure 2: Cross-sections of N-polar (a) and IIImetal-polar (b) AlN thin films made by focused ion
beam and scanning electron microscope.
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Effect of doping concentration on the
ferromagnetic properties of Fe-doped BaTiO3

BaTiO3 is playing a crucial role in room
temperature ferromagnetism.

Iuliia Mikulska1, Iztok Arčon1,2, Matjaž Valant1

Dilute magnetic oxide (DMO) materials, are good
candidates for spintronic and magnetoelectric
applications. DMO materials possess room
temperature ferromagnetism, when doped with a
few percent of transition metal ions as for example
Mn-doped ZnO1. It was reported that hexagonal
barium titanate can accommodate up to 70% of Fe
ions in its host matrix2, thus making Fe-doped 6HBaTiO3 good candidate for dilute magnetic oxide
materials. Room temperature ferromagnetism has
been discovered in this compound3,4, however the

magnetic behaviour of this system is not yet
completely understood.
Within our research we have synthesized Fedoped BaTiO3 with two different doping
concentrations: 10% and 20% of Fe- four
samples with composition of BaTi0.9Fe0.1O3-δ
and four samples with composition of
BaTi0.8Fe0.2O3-δ. Samples were prepared by
solid state reaction method. For both
compositions initial powders were treated at
different temperatures (1250 °C and 1500 °C)
and for different length of annealing time (1h,
3h, 5, 10h). Samples fired at 1250 °Care
paramagnetic. Samples with 10% and 20% of
Fe additionally annealed at 1500 °C exhibit
ferromagnetic
behaviour.
Saturation
magnetization gradually increases with
increasing annealing time (Figure 1). However,
the saturation magnetization decreases with
increasing Fe concentration. To understand the
source of ferromagnetism we used X-ray
absorption spectroscopy methods (XANES and
EXAFS) to obtain detailed information on local
structure of Fe cations incorporated to the 6HBaTiO3 crystal structure. Fe K-edge EXAFS
analysis shows that Fe3+ ions are randomly
distributed over Ti(1) and Ti(2) crystallographic
sites in samples sintered at 1250 °C. During
annealing at 1500°С redistribution of Fe cations
is detected, leading to the formation of Fe-Fe
pairs in face-sharing octahedrons in Ti(2) sites.
Thus, formation of Fe-Fe pairs in Fe-doped 6H-
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Figure
1: Ferromagnetic response of
magnetisation M(H) for 10% and 20% Fe-doped
BaTiO3 samples treated at different annealing
temperatures (1250 °C and 1500 °C) for different
length of annealing time (1h, 3h, 5, 10h).
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Template synthesis of single phase δ3-MoN
superconducting nanowires
Jože Buh1, Andrej Kovič1, Aleš Mrzel1,2, Zvonko
Jagličić3, Adolf Jesih4,2, Dragan Mihailović1,2

superconducting and transport properties of δ3-MoN
nanowires.
We acknowledge the CENN Nanocenter for the use
of FEI Helios Nanolab 650 Focused Ion Beam.
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MoN is an air-stable metal with multiple potential
uses, particularly in nanowire form. It has important
uses as catalyst, for hybride electrodes in Li
batteries [1] and as hydrogen adsorbent material [2–
4], and appears in a number of different phases.
Among these, hexagonal δ3-MoN is the most
interesting due to its potential use in capacitors [5],
wear protective surface coatings [2,6,7] and because
of its relatively high superconducting critical
temperature of 12-14 K in the bulk [8–12].
We demonstrate a new and effective method of
producing single-phase superconducting δ3-MoN
nanowires from bundled Mo6SyIz (8.2 ≤ y + z ≤ 10)
nanowire templates in the presence of ammonia gas.
Magnetic susceptibility and electrical resistance
measurements confirm single-phase material
synthesis. Measurements of 4-contact resistance on
single nanowires in magnetic field are used to
determine the critical field, while the diameter
dependence and magnetisation measurements are
used to investigate the homogeneity of the
nanowires.
The scanning and transition electron microscopy
have shown that the morphology of the MoSI
starting material can be maintained during the
transformation to MoN. X-Ray diffraction study has
confirmed that desired phase can be obtained with
heating MoSI nanowires in NH3 gas.
We have measured resistance of several nanowires
with different diameters (Figure 1). Diameters were
controlled exclusively by the MoSI template
diameters, which were in the range between 30 and
500 nm in this study. Further, we have demonstrated
that ohmic contacts can be prepared on δ3-MoN
with ion beam induced platinum deposition using a
Focused Ion Beam, allowing detailed and
comprehensive
characterisation
of
the
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Figure 1: Normalized resistance vs. temperature
measurements for different nanowire thicknesses.
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Dimensional crossover in ultrathin molybdenum
nanowires
Martin Strojnik1, Peter Topolovšek1, Miran Čeh1,
Dragan Mihailovic,1,2, and Valeria Nicolosi3
Jožef Stefan Institute, Jamova 39, 1000 Ljubljana,
Slovenia,
1
CENN Nanocenter, Jamova 39, 1000 Ljubljana,
Slovenia,
3
Dept. of Materials, University of Oxford, OX1
3PH, Oxford, United Kingdom

1

We investigate the deviations from bulk Fermiliquid transport in a large number of ultrathin Mo
nanowires with diameters between 3.6 to 18 nm,
and a relatively uniform nano-crystalline structure
The wires are synthesized from Mo6S9-xIx molecular
wire templates, using low temperature Alkalivapour transformation. The conductivity is shown to
display a qualitative crossover as a function of
nanowire diameter. Wires with diameter larger than
9 nm show linear I-V characteristics and classical,
nearly temperature-independent diffusive electronic
transport. In contrast, thinner wires show
systematically nonlinear I-V characteristics, which
we can reasonably well understand within the
Tomonaga-Luttinger liquid model. Concurrently
with the crossover, a large drop in conductivity is
observed, which rapidly increases at low
temperatures. The results are also confirmed by a
alternative high-temperature synthesis method. Our
investigation exposes fundamental limitations on
the thickness of metallic nanowires which can be
used for conducting networks, nanoscale circuits
and transparent electrodes.
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Molybdenum based nanowires and nanotubes
Andrej Koviča, Aleš Mrzela,b, Mojca Vilfana
Damjan Svetina, Adolf Jesiha,b, Srečo D. Škapina,b,
Dragan Mihailovića,b
a) Jozef Stefan Institute, Jamova 39, 1000
Ljubljana, Slovenia
b) CENN Nanocenter, Jamova 39, 1000 Ljubljana,
Slovenia
Ever since the discovery of inorganic
nanomaterials, such as nanowires, nanotubes, or
nanobelts,
their
exceptional
electronic,
optoelectronic and mechanic properties have been
investigated. Different possible applications have
been suggested, for example as lubricants,
nanosensors, or fillers for composite materials, for
energy storage or electronics.
We recently discovered the transformation of
Mo6SyIz (8,2 < y + z ≤ 10) nanowire bundles,
deposited on a substrate to different molybdenum
based nanowires and nanotubes, such as conducting
Mo metal nanowires and superconducting MoN
nanowires. Pure Mo nanowires were synthesised
from Mo6SyIz (8,2 < y + z ≤ 10) nanowire bundles.
Therefore Mo6SyIz (8,2 < y + z ≤ 10) were annealed
in Ar/H2 mixture leading to the formation of pure
Mo NWs. [1]. Bundles of Mo6SyIz (8,2 < y + z ≤ 10)
nanowires were transformed into novel MoN
nanowires in the presence of NH3/argon gas
mixture. It was also discovered that the Mo6SyIz (8,2
< y + z ≤ 10) nanowires act as a reducing and
capping agent and can be readily oxidised. The
density of the decoration with noble metal
nanoparticles can be controlled by changing the
concentration of the chloro-noble metal complex
[NMCl4]- (NM =Au, Pd, Pt) in the solution[2].
Furthermore, with the deposition of Mo6SyIz (8,2 <
y + z ≤ 10) nanowire bundles to the substrate we
achieved coverage of the surface which would be
conductive and transparent after transformation into
molybdenum. The Mo6SyIz (8,2 < y + z ≤ 10)
nanowire bundles were deposited via spraying a
purified stable dispersion onto a nonconductive
silicon substrate with preassembled molybdenum
electrodes at a separation of 1000 µm. Several
different methods, including X- ray diffraction,
scanning electron, and transmission electron
microscopy, SQUID measurements, four tip probe
electrical
measurement
were
used
for
characterisation of the starting nanowires and the
final products.
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Figure 1: SEM picture of a molybdenum
nanowire network electrode
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Recently discovered iron based compounds exhibit
superconducting (SC) order next to the magnetically
ordered phase. Among various parent compounds of
iron pnictide superconductors EuFe2(As1-xPx)2
stands out due to presence of both, the spin density
wave (SDW) ordering of the itinerant carriers in the
Fe-d derived bands and the antiferromagnetic
(AFM) ordering of the localized Eu2+-f spins. There
are contradicting reports on the strength of coupling
between the itinerant Fe-d carriers and Eu2+-f spins.
Employing temperature dependent time-resolved
optical femtosecond spectroscopy we investigated
the quasiparticle relaxation dynamics in EuFe2(As1xPx)2. As previously reported in other iron-based
pnictides we observe the relaxation bottleneck due
to the charge gap opening in the SDW state below
TSDW. Below the Eu2+ AFM spin ordering
temperature we observe another slower relaxation
component, which we attribute to the Eu2+ AFM
order relaxation. Slow dynamics of this component
suggests a weak coupling between the Eu2+ spins
and the carriers in the Fe-d derived bands..
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In the systems with the reduced dimensionality
and low charge carriers concentration the role of the
fluctuations becomes important. This is particularly
relevant for superconductivity as fluctuations of the
phase of the order parameter could lead to the loss
of the macroscopic phase coherence, i.e. to the loss
of superconductivity, at a temperature Tc which is
below the mean field critical temperature TMF. The
original theory describing this phenomenon is
named after Berezinsky[1], Kosterlitz and
Thouless[2].
After
the
discovery
of
superconductivity, Emery and Kivelson[3,4], and
Fisher, Fisher and Huse [5] amongst others outlined
a scenario for the high-Tc materials within BKT
theory and made some experimental predictions.
However, more than 20 years later the question
whether the BKT transition indeed occurs in the
high-Tc materials is still a hot topic of discussion.
Here we used a novel three pulse femtosecond
technique for the study of fluctuations in
Bi2Sr2CaCu2O8+d. We report direct measurements of
fluctuation lifetime and quasiparticle relaxation time
above the critical temperature. These two quantities
are strongly correlated. Directly measured lifetimes
has different critical behaviour than either predicted
by time-dependent Ginzburg Landau theory for
gaussian fluctuations[6] or experimentally extracted
from scaling analysis of a.c. conductivity
measurements [7].
I.M. acknowledges financial support from
AdFutura. The work was financed in part by the
ERC Advanced grant TRAJECTORY, No. 320602.
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Metal oxides have been intensely studied for
photoctalytic applications. ZnO has shown very
high photocatalytic activity; however it is a wide
band gap photocatalyst, with band gap energy of 3.7
eV [1]. This means the UV light is needed for e- - h+
pair generation. For repressing the recombination
process [2] as well as for improving the absorption
range of ZnO in the VIS range, a metal co-catalyst
deposition (e.g. Ag, Au or Pt) has been found to be
an effective way to enhance the photocatalytic
performances of the semiconductor photocatalyst
[3,4].
Highly
photocatalytically
active
Ag/ZnO
photocatalyst nanoparticles have been synthesized
via a simple hydrothermal route. As precursors for
silver and zinc ions, silver nitrate and zinc acetate
dehydrate were used. The precursors were added to
a mixture of ethylene glycol, polyvinylpyrrolidone
and water. The mixture was heated at 180ºC for 3
hours and produced nanorod-shaped Ag/ZnO
nanocomposite with particle size under 100 nm.
Parallel to this, we have also synthesized ZnO
particles under the same conditions to investigate
the influence of silver on the photocatalytic activity
of semiconductor particles. The so obtained
photocatalyst powders were used for photocatalytic
degradation of methyl orange (MO, 1×10-5 M). As
can be observed from Figure 1, Ag/ZnO
nanocomposite shows better photocatalytic activity
in comparison to pure ZnO or commercial TiO2
(P25) powders. The experiments were performed
with 400 W mercury lamp. A test where we
observed the degradation of terephthalic acid
(TPA), to confirm the photocatalytic activity of the
Ag/ZnO nanocomposite, was also performed. The
present method seems a promising way for the
preparation of composite photocatalyst.

[2] Stroyuk, A.L., Shvalagin V.V, Kuchmii S.Y.
2005. Photochemical synthesis and optical
properties of binary and ternary metalsemiconductor
composites based on zinc oxide nanoparticles.
Journal of Photochemistry and Photobiology A:
Chemistry, 173: 185-194.
[3] Lu W., Gao S., Wang J., One-Pot Synthesis of
Ag/ZnO Self-Assembled 3D Hollow Microspheres
with Enhanced Photocatalytic Performance, J. Phys.
Chem. C, 112 (2008) 16792–16800.
[4] Yang J., Wang D., Han H., Li C., Roles of
Cocatalysts
in
Photocatalysis
and
Photoelectrocatalysis, Acc. Chem. Res., (2013).

Figure 1: Photocatalytic degradation of MO
(1×10-5 M) in presence of different photocatalysts:
Ag/ZnO, ZnO, and P25.

References: [1] Jia Z., Peng K., Li Y., Zhu R.,
Preparation and photocatalytic performance of
porous ZnO microrods loaded with Ag, Trans.
Nonferrous Met. Soc. China, 22 (2012) 873- 878.
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Over the last few decades, poly(vinylidene fluoride)
[(PVDF)] polymer has attracted a considerable
amount of attention not only because it exhibits one
of the strongest piezoelectric and pyroelectric
activity among polymers bur also due to its many
crystal forms (three of which are strongly polar). [1]
In recent studies, this polymer has been used as a
base in composite films, using MoS2 nanotubes
(NTs) as the additive, e.g., the lubrication function
of the nanotubes could improve high-performance
coatings by increasing their durability in tribological
applications. [2]
We report dielectric properties of PVDF-MoS2
NT composite thin films, prepared from polymerNTs solution. [2] For dielectric measurements,
surfaces of films, containing 0, 1 or 2 wt% of MoS2
NTs, with thickness 60 – 75 μm (films dried at 295
K) or 21 – 24 μm (films dried at 383 K) were
covered by sputtered electrodes (100 nm of gold on
10 nm of chromium for better adhesion). Complex
dielectric constant ε*(ω, T) = ε' – iε'' was measured
by HP4284A Precision LCR Meter. The amplitude
of the probing ac electric signal was 1 V. The real
part of the complex ac conductivity σ*= σ' +σ'' was
calculated via σ' = 2πνε0ε'', with ε0 being the
permittivity of free space. After heating the samples
up to 350 K, the dielectric response was detected
during cooling runs with the rate of 0.9 K/min. The
temperature of the samples was stabilized within
±0.01 K by using the lock-in bridge technique with
a platinum resistor Pt100 as a thermometer.
Experimental results revealed that in the case of
samples dried at 295 K, the addition of 1 wt% of
MoS2 NTs strongly decreases the values of the real
part of the complex dielectric constant, ε' (see
Figure 1a), while the values of the imaginary part,
ε'′ (which represents the dielectric losses, i.e., the
electrical conductivity of the system), remain almost
unchanged, and the characteristic dynamic peaks in
ε'′(T) occur at the same temperatures in all samples.
Such a strong change in the ε' values that is not
accompanied by notable changes in dielectric losses
indicates that the addition of MoS2 NTs
predominantly induces changes in the order of the

PVDF structure and does not implement any
additional defects into the material structure itself.
On further addition of the NTs, the values of both ε'
and ε'′, slightly increase, which can be attributed to
the increased electrical conductivity of the
composite due to the semiconducting MoS2
inclusions (as σ' and ε'′ are directly related and
influence ε' via known Kramers-Kronig relations).
Comparison of Figures 1a and 1b shows that pure
PVDF film dried at 383 K has different dielectric
behavior then the PVDF film dried at 295 K, which
can be attributed to the vastly rich morphology of
the PVDF [1]. Also, the addition of the MoS2 NTs
in films prepared at a higher temperature has a
smaller effect on the dielectric behavior of the thin
films. Here the values of all, ε', ε'′, and σ', only
slightly increase due to the increase of the electrical
conductivity caused by the semiconducting MoS2
inclusions, while the addition of the nanotubes does
not induce any additional changes in the
morphology of PVDF itself.
In summary, dielectric investigations revealed
that the dielectric response of the PVDF-MoS2 NTs
composite thin films can be tailored by the
preparation procedure, i.e., the temperature at which
the films are dried, and the wt% of the MoS2 NTs
additive.
Acknowledgment: We would like to thank Andrej
Križan from the National Institute of Chemistry,
Ljubljana, Slovenia, and Ivan Iskra, Ana Varlec and
Marko Đorić from the Jožef Stefan Institute,
Ljubljana, Slovenia, for their work on the
preparation and structural characterization of the
PVDF-MoS2 NTs composite thin films.
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Figure 1: ε' and σ' vs. wt% of MoS2, detected at
293 K in PVDF-MoS2 NTs composite thin films,
prepared at 295 K (a) and 383 K (b).
12
(a)

(b)
10 kHz
100 kHz
1 MHz

9

'

Dielectric investigations of PVDF-MoS2
nanotube composite thin films

6
3
0

1
wt% of MoS2

2

0

1

2

wt% of MoS2

66

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013
Long-lived photogenerated charges in single-and
few-layer MoS2
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Recent
advances
in
nanoscale
materials
characterization and processing have opened up new
opportunities
for
two-dimensional
layered
semiconductors
in
nanoelectronics
and
optoelectronics [1]. Layered transition metal
dichalcogenides such as MoS2 show a strong
photovoltaic effect [2] and high-sensitivity
photodetection [3]. This requires photogeneration of
charge carriers, despite their large exciton binding
energy of several 100 meV [4,5]. Here we detect
photogenerated charges in an all-optical, cw
photomodulation experiment [6]. They contribute to
the photomodulation signal in three different ways:
via their photoinduced absorption [7], via bleaching
of the excitonic resonances due to ground state
depletion, and via photoinduced Stark effect [8] of
the excitonic resonances in the local electric field of
the charges. The sub-ms charge carrier
recombination time is consistent with the high
mobilities observed in MoS2 transistors [9]. Our
ﬁndings also oﬀer an explanation for transient
spectra [10], where charged states formed on the fs
time scale cause a similar line shape modulation as
we observed here.

Figure 1: cw photomodulation spectrum of
single-and few-layer MoS2 flakes dispersed in
PMMA excited at 405 nm (3.1 eV).
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We
present
viscoelastic
properties
and
reinforcement performance of a polymer
nanocomposite containing MoS2 nanotubes (Fig. 1).
The MoS2 nanotubes are mechanically strong and
flexible, behaving as super shock absorbers and
exceptional lubricants with very low friction
coefficient and excellent wear resistance. Using
Dynamic Mechanical Analysis, we have defined
viscoelastic properties (the storage modulus E’, the
loss modulus E’’, the phase lag and the length) of
the MoS2–polymer nanocomposite coatings with
different nanotubes concentrations. The glass
transition temperature of the nanocomposites has
shifted by ΔTg≈ 10oC towards higher temperatures.
The peak temperature Tδ and the temperatures Tlmax
and Tlmin of the maximum elongation/contraction
have shifted towards higher temperatures by the
same amount. The main benefit of the MoS2
nanotubes addition is a significant increase of the
storage modulus E’ within the temperature range
suitable for mechanical loading, being roughly a
factor of 2 larger than E’ of the base coating without
the MoS2 nanotubes.
Comparing the reinforcement performance of our
MoS2–containing nanocomposite to some other
known nanocomposites, we note that the
nanocomposite of a nylon 6 matrix with
montmorillonite (MMT) clay nanofillers shows
similar degree of reinforcement. The storage
modulus of the nylon 6 matrix (E= 2.75 GPa) is the
same as that of our base coating, whereas the
storage modulus of the MMT nanofiller (178 GPa)
is also comparable to that of the MoS2 nanotubes.
The modulus increase of the nylon 6 nanocomposite

containing 3 vol. % of the MMT nanofiller was
reported to be by a factor 2.1, which is about the
same as for our MoS2–based nanocomposite. For
the multi-walled carbon nanotubes mixed in
different concentrations into different polymers
(PMMA, PS, PC, PA6, nylon), the modulus increase
was reported to be by factors between 1.1 and 3.1,
whereas for the single-walled carbon nanotubes the
modulus increase was by factors between 1.6 and
3.5. The reinforcement performance of our MoS2based nanocomposites with the modulus increase by
a factor about 2 thus compares well to that of the
carbon nanotubes– and the MMT–reinforced
nanocomposites [1].

Figure 1: (a) TEM image of the polymer
nanocomposite, showing fullerene-like MoS2
nanoparticles inside the MoS2 "mama-tubes". (b)
Detail of the MoS2 nanotube on a 10 nm scale,
showing its crystallinity.
Reference: [1] A. Jelen, V. Bukošek, J. Dolinšek,
IJMS 2 (2012) 20-26.
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The primary photoexcitations in MoS2 are excitons1
with a binding energy close to 0.5 eV or even higher
in single flakes. Their relaxation behavior has been
described as the interplay of trapping, phononassisted interband transitions and radiative
recombination2. On the other hand, the observation
of photocurrents and a photovoltaic effect suggests
that photoexcitation of MoS2 also generate charge
carriers3. Using method of ultrafast spectroscopy we
show the photogeneration of long-lived charge
carriers in single- and few-layer flakes of MoS2
dispersed in an inert PMMA matrix. Charges are
formed from both the A and B excitons with a time
constant of approximately 1 ps during the fastest
observed exciton relaxation process.
References:
1. F.Frind, A.D.Yoffe, Proceedings of the Royal
Society A 273, 69 (1963)
2. Shi et al., ACS Nano vol. 7, 2,1072–1080,
(2013)
3. K.F. Mak et al.,Nature Mater. 5 (2013).
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For exploration of specific physical properties
related to 1D nature of nanotube materials their
orientational alignment in the host medium is very
important. Liquid crystalline (LC) materials are
naturally suited for the alignment purpose, because
their interaction with the nanotube dopants in
general results in a synergetic orientational ordering
process [1]. By using a photo-reactive LC
compound, the obtained alignment can be
subsequently “fixed” into the structure via the
polymerization reaction, which on one side prevents
agglomeration of the nanoparticle dopant and on the
other side produces a solid composite film.
We investigated dispersion properties and
orientational distribution of MoS2 nanotubes
introduced in the commercial photo-polymerizable
liquid crystalline medium RM257 (Merck Ltd.). The
multiwall MoS2 nanotubes had diameters from ten
nanometers to few micrometers, and lengths up to
millimetres [2]. Dispersion properties of the
nanotubes functionalized with different kinds of
surfactants in the RM257 mesogen were examined
and phase diagram of the mixtures before
polymerization was determined. Then standard LC
cells were filled with the mixture at the temperature
corresponding to the nematic phase and
polymerization reaction was activated. The resulting
polymerized composite films were characterized by
optical polarization microscopy, UV-Vis absorption
spectroscopy, scanning electron microscopy (SEM)
and polarized Raman scattering measurements.

Fig.1. Optical polarization microscopy images of
the polymerized composite film: (a) optical axis of
the film is parallel to the polarizer direction; (b)
optical axis of the film is tilted with respect to the
polarizer direction. The thickness of the film is 20
micrometers.

Fig.2. Electron scanning microscopy image of the
polymerized composite film with visible aligned
nanotubes, taken with method of backscattered
electrons.

[1] J. P. F. Lagerwall, G. Scalia, J. Mater. Chem. 18,
2890 (2010).
[2] Marko Viršek, “Struktura in lastnosti
anorganskih nanocevk,” Diploma work, University
of Ljubljana, 2005.
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used. For this purpose, FePt nanoparticles were

Bifunctional FePt/Au nanoparticles with a
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Magnetic nanoparticles based on the Fe-Pt alloy can
be used in biomedical applications, as contrast
agents in magnetic resonance imaging (MRI) and in
hyperthermia treatments. On the other hand, Au
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nanoparticles are widely used in biomedical
applications because of their biocompatibility,
stability, and ease to further functionalize their
surface. These particles can be used in biomedical
imaging applications and, more important, are
potential candidates for localized photo-thermal
therapy because they mediate strong plasmon
induced surface heat flux upon absorption of near
IR

light.

Combining

multifunctional

FePt-Au

both

materials

core/shell

in

a

structures

represents a novel approach to combine and upgrade
magnetic and optical properties of each single
component and permit potential applications as
optical agents and magnetic carriers for bio assay.
Superparamagnetic 5nm-FePt nanoparticles were
synthesized by using modified polyol method [1].
Au nanoshells absorb significantly in near IR region
where hemoglobin and water, the major absorbers in
visible and infrared light, have their lowest
absorption coefficient [2]. Therefore, near IR region
is the most suitable for photothermal therapy and
imaging of deeper tissues. Au nanoshells were
irradiated with laser with wavelength in the region
where Au shells exhibit strong absorption (810nm)
and showed high photo-thermal effect. To preserve
desired optical properties of Au shells, a dielectric
spacer between FePt core and Au shell has to be
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The four samples of the composite fabric forms
were tested for the resistance to penetration of a
shot bullet. All the fabric samples were coated with
γ-aminopropyl
triethoxysilane
(AMEO
silane)/ethanol solution. The two samples were
impregnated
with
poly
(vinyl
butyral)
(PVB)/ethanol solution and the other two were
soaked with the same solution but with the addition
of 30 wt.% AMEO silane modified silica
nanoparticles used as reinforcements. For all the
composites the bullet-shooting test was conducted
by two different bullets. The physical and
mechanical properties of the prepared samples with
silica nanoparticles were analyzed by the dynamic
mechanical analysis (DMA). There were two
options of the samples: hard and flexible. The
ballistic image analyses for print and penetration
depth of the samples were performed in Image ProPlus software.
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The largest quantity and the purest cellulose in
nature can be found in cotton, which is the world’s
most important textile material and is used for
textiles in medicine, military, sports, leisure and
households. Silver-titanium dioxide composite
nanoparticles (Ag/TiO2 NP) are used for achieving
multifunctional properties of textiles. Due to
Ag/TiO2 NP’s poor affinity towards cellulosic
fibres, large quantities of nanoparticles are present
in wastewater, which is ecologically and financially
unfavourable. Increasing the adhesion of Ag NP
onto cotton was successfully achieved by using
plasma treatment and vat-dyeing.1-3
The purpose of our research was to
investigate the influence of three reactive dyes (C.I.
Reactive Red 239 (R), C.I. Reactive Yellow 176 (Y)
and C.I. Reactive Blue 256 (B)) on the adsorption of
Ag/TiO2 NPs onto cotton fabric. For that purpose,
cotton fabrics were dyed by exhaustion method,
using two dyeing concentrations, i.e. 0 % (blank
dyeing) and 0.5 %, at liquor-to-goods ratio (L:R)
20:1 and T = 60 °C. The dyeing bath also contained
alkali and electrolyte. Upon completing the dyeing
process the cotton samples were rinsed, neutralised,
soaped, rinsed and dried. Dyed cotton samples were
treated with 0.5 % of Ag/TiO2 nanoparticles using
the exhaustion method, at L:R = 20:1, T = 60 °C, t =
60 min, L:R = 20:1, followed by drying at 130 °C
for 5 min.
The quantity of silver on cotton samples
was determined using inductively coupled plasma
mass spectroscopy (ICP-MS). The UV protective
properties of samples were measured using UV/VIS
spectrophotometer.
Colour
and
whiteness
measurements of cotton samples were performed
using a Datacolor Spectraflash SF 600 PLUS-CT
spectrophotometer. The CIELAB colour coordinates
were determined for dyed and Ag/TiO2 NP loaded
cotton samples. The CIE whiteness index (WI) and
tint value (Tw,10) were determined for blank dyed
and Ag/TiO2 NP loaded samples.
The results in Figure 1 show the quantity of
Ag on cotton samples. The dyed cotton samples
contain almost ten times higher quantity of silver
than the blank dyed sample. In the presence of
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Figure 1: Quantity of Ag (ppm) on cotton.
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moisture Ag+ ions react with hydroxyl functional
cellulosic groups and are attached to each other
electrostatically. The presence of a reactive dye on a
cotton and introduction of additional covalently
bound sulphonic acid groups will facilitate the
uptake of cationic antimicrobial agent.4 That is why
it is possible to conclude that Ag/TiO2 NP are
bound to the surface of cotton through sulfonic
groups of covalently bound dye and through
partially ionized hydroxyl and carboxyl groups
present on the fibre. The ultraviolet protection factor
(UPF) of Ag/TiO2 NP loaded dyed samples are
higher than of untreated (Figure 2). The UPF also
changes according to the structure of reactive
dyestuffs. Loading of Ag/TiO2 onto white, Y or R
dyed cotton changes the whiteness or colour of
cotton, while for B dyed cotton the colour
differences are unnoticeable.

UPF

Influence of organic dyes on adsorption of
Ag/TiO2 nanoparticles onto cellulose

Sample
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In this work we report an innovative sensorial
application
of
surface
modified
zinc
peroxide/poly(styrenesulfonate) hybrid thin films
prepared by layer-by-layer technique. We describe a
novel setup based on optical measurement (the well
ordered ZnO2/PSS thin film (d~500 nm) provides
the novel optical detecting principle), which is
suitable for sensorial applications. We have
developed an interference-based optical model to
evaluate the refractive index and thickness of the
sensor films by fitting calculated results on the
measured reflectance spectra [1-3]. We demonstrate
the improvement of the evaluation process, which
resulted dramatic enhancement in the sensitivity of
the sensor. First we show the details of the novel
evaluation method, then we show two application
examples: the selectivity is controlled and enhanced
by surface functionalization - buthyl trichlorosilane
results good sensitivity to detect ethanol vapour,
gold nanoparticles covered by octanethiol effect
excellent responsiveness to n-hexane vapour.
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Innovative sensorial application of zinc peroxide
thin hybrid films with modified surfaces for
detection of ethanol and n-hexane vapours
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Figure 1: Normalized response of the
hydrophobic surface of the sensor to the presence of
water, ethanol and n-hexane vapours
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The aim of this work is to develop a new selective
sensor for detection of aflatoxins. Aflatoxins are
carciogenic and harmful for gene and occur in
nature. The B1 molecule is the most efficient
impurities in foods.
The aim of our work to detect this toxin with
selective sensors. We use functionalised gold
nanoparticles (AuNPs) and gold nanofilms to
develop sensors. The functionalisation of gold
surface can be prepared with cyclodextrines which
are modified by thiol or fluorescent groups.
Materials used for the preparation of Au
nanoparticles were: HAuCl4*3H2O (SigmaAldrich), sodium borohydride (Sigma), MQ water
and SH- modified cyclodextrin (6-dideoxy-6-dithio-cyclodextrin sodium salt (BCD) Cyclolab Ltd.).
Identification and characterization of sodium
borohydride reduced gold nanoparticles were
performed by their plasmon resonance maximum
from UV-Vis spectra and TEM images. AfB1
standard were used by Flukag/ml in acetonitril)
in the experiments. In all cases the dispersions were
prepared in Milli-Q ultrapure water after cleaning
the bottles with aqua regia.
Identification and characterization of AuNPs were
performed by their UV-Vis spectras and TEM
images. The characteristic plasmon band of
prepared AuNPs was recorded on Shimadzu UV1800 spectrophotometer in the  = 200–800 nm
range using 1 cm quartz cuvette. The average
particle diameter of the prepared NPs was
determined by transmission electron microscopy
(TEM). TEM images were obtained with a FEI
Tecnai G2 (200 kV) HR-TEM (high-resolution
transmission electronmicroscopes) and carboncoated cooper grids were used to sample
preparation. The size distribution of the particles
was calculated by using UTHSCSA Image Tool
3.00 software.
AuNPs (dAV = 9.19  3.88 nm) were prepared by
reduced sodium-borohydride in presence of thiolmodified cyclodextrine (AuBCD). Plasmon
resonance maximum of functionalised AuNPs was
at = 539 nm.

The attachment of aflatoxin B1 to cyclodextrin
modified AuNPs covered surface was studied by
SPR (Surface Plasmon Resonance) measurements.
The SPR measurements was performed on a chip
which is a thin gold layer (50-nm thickness),
deposited on a glass substrate. During
measurements the temperature was kept at 20 °C
and flow rate was 20 µL × min−1. The recorded
spectra are analyzed in real-time by a special
software package that allows determination of the
resonant wavelength in both sensing channel.
The adsorbed amount of AuBCD on SPR gold
surface was 30 ng/cm2 from 2.5 ng/ml gold content
dispersion. This covered surface could attach AfB1
molecules (this amount was 14 ng/cm2 caused ~0,5
nm shifted in wavelength). Pure gold surface could
attach only 5 ng/cm2 AfB1 molecules while the
surface was covered by BCD, the absorbed amount
is so far less (full coverage ~80 ng/cm2 was
achieved at 0.05 mg/ml SHCD). This method may
be used by biosensor.
For comparison a quantitative analysis of aflatoxin
molecules on surfaces of modified gold
nanoparticles will be done by ELISA (EnzymeLinked ImmunoSorbent Assay) method. Validation
of thiol modified gold nanosensors on silica crystal
will be performed by HPLC-MS method. To
compared the ELISA results against the SPR
measurement, we established that the Toxi watch
ELISA kit for AfB1 sensitivity limit is 30 ppt and
the SPR sensitivity limit is (54 nm/ RIU) ~1 ppt.
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Nanoparticles, doped with lanthanide ions exhibit
unique luminescent properties, including the ability
to convert near infrared, long wavelength, excitation
into shorter, visible, wavelengths through a process
known as upconversion. These nanoparticles are
proposed as alternative biomarkers for fluorescent
imaging. In the fluorescent nanoparticle a
crystalline host matrix is doped with a sensitizer
(e.g. Yb3+), that absorbs light with specific
wavelength and with activator(s) (e.g. Er3+, Tm3+,
Ho3+), that emit at shorter wavelength after a
nonradiative energy transfer from the sensitizer. The
most extensively studied host matrices are fluorides,
because they can incorporate lanthanide ions, have
low phonon energies and high chemical stability [1].
One of suitable fluoride matrices is sodium yttrium
fluoride (NaYF4). NaYF4 nanoparticles were
previously
synthesized
with
precipitation,
solvothermal and hydrothermal synthesis [2,3].
Superior properties were obtained by hightemperature organic-precursors decomposition
method [3]. Since this method uses toxic reagents
(e.g. oleylamine, octadecene) our aim was to study
ecologically more
acceptable
hydrothermal
synthesis.
Hexagonal nanoparticles β-NaYF4 were synthesized
with hydrothermal synthesis at 180 °C for 1-20 h,
where Y(NO3)3 xH2O (x≈6) was used as a source of
Y3+, NaF as a source of F- and sodium citrate
(Na3Cit) in order to form Y-Cit complex. Cit3- as a
shape modifier introduced into the reaction system
plays an important role in the size and morphology
of the final products. When Y-Cit complex is
formed under hydrothermal conditions, the Y-Cit is
weakened and Y3+ is released gradually. F- and Na+
in the solution react with Y3+ to generate cubic αNaYF4 nucleus. Then, with the proceeding reaction,
α-NaYF4 nuclei are transformed to β-NaYF4
nanoparticles [4].
Our aim was to synthesize high quality β-NaYF4
nanoparticles with sizes of around 100 nm in order
to be suitable for bioapplications. This was achieved
with changing reaction conditions and with the
addition of a surfactant (polyethylene glycol), which
limits the nanoparticle growth. Chemical stability of

the synthesized nanoparticles in aqueous
environment was analysed and will be presented.
Morphology and chemical composition was
analysed with transmission (TEM) and scanning
(SEM) electron microscope combined with energy
dispersive X-ray spectroscopy (EDXS), while their
crystal structure was analysed with X-ray diffraction
(XRD) and selected area electron diffraction
(SAED).
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3-mol%-yttria-doped tetragonal (t) zirconia 3Y-TZP
is well known for its strength, hardness and
toughness, but it suffers from a major drawback; in
the presence of water or water vapor t-zirconia is
succeptible to low temperature degradation (LTD),
i.e. ageing. [1]. Ageing can occur even at room
temperature and proceeds more rapidly in the
temperature range 200 - 300 ºC [2]. Process is
initiated by tetragonal-to-monoclinic transformation
from an isolated surface grain and gradually
proceeds into the bulk, resulting in the formation of
microcracks in the transformed layer and finally
surface roughening and mechanical properties
degradation.
Ageing resistance of t-zirconia can be improved by
doping with other oxides. In fact, commercial 3YTZP powders, such as E-types or TZ-PX-242A from
one of the leading providers (Tosoh, Japan) contain
0.25 and 0.05 wt% of alumina, which enhances
sintering and improves the aging properties of tzirconia. It was also reported that the addition of a
small amount of silica to 3Y-TZP improves the
LTD resistance of t-zirconia [2].
However, the systematic study, evaluating the effect
of co-stabilization of t-zirconia with alumina and
silica has not been performed yet.
In the present work, the combined effect of silica
and alumina on the ageing resistance and
mechanical properties of 3Y-TZP ceramics was
evaluated. Specimens were prepared by the
infiltration of silica sol into the pre-sintered porous
3Y-TZP pellets, produced from commercially
available powders, containing different amounts of
alumina (0.05 and 0.25 wt%). After final sintering
ceramic specimens were verified for density, phase
composition, mean grain size, flexural strength,
Vickers hardness and indentation toughness and,
finally, they were subjected to in vitro accelerated
ageing to assess the proneness to t-m
transformation.
The results show that the sintered specimens were
nearly dense ( > 98 % T.D.). Transmission electron
microscopy and energy dispersive X-ray
spectroscopy analyses revealed that silica was
mainly presented as an amorphous phase
concentrated at triple grain junctions. It was found
out that the presence of silica in alumina-free 3YTZP greatly increases the resistance to ageing. The

addition of small amounts of silica to aluminacontaining 3Y-TZP further improves the ageing
properties of t-zirconia, due to a possible distinctive
mechanism of suppression, without affecting
flexural strength, Vickers hardness and indentation
toughness. These results could be useful in future
studies for understanding the mechanism of LTD of
t-zirconia.
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Depletion of fossil fuels resources and increase of
their prices have resulted in an interest to utilize
lignocellulosic biomass as a renewable source for
alternative fuel production in liquid or gaseous
form. Among thermochemical processes pyrolysis,
gasification (with subsequent Fisher-Tropsch or
methanol synthesis process) and direct liquefaction
through solvolysis are the most promising
approaches for transformation of biomass into liquid
(BtL). As pyrolysis and gasification are energyconsuming processes, new BtL pathways are being
studied to avoid the operation at harsh reaction
conditions. At direct liquefaction, homogeneous or
heterogeneous catalysts are being used to lower
required reaction temperature and to increase the
selectivity of desirable reactions.
The quality of biomass-derived oils is
normally not suitable for use as a transportation
fuel, due to high content of chemically bonded
oxygen resulting in significantly lower calorific
value in comparison to traditional fossil fuels.
Catalytic hydrotreatment process is required to
upgrade bio-oils into hydrocarbon fuel by
hydrodeoxygenation (removal of oxygen) and
hydrocracking (cleavage of longer chains into
shorter molecules). Catalytic hydrotreatment
requires high pressure of hydrogen, temperature
around 300 °C and presence of heterogeneous
catalysts based on transition or noble metals on
different supports [1]. Same catalysts can also be
used for liquefaction, as liquefaction and the
upgrade can be performed in one-step process.
Present work is focused on the review
nanostructured commercially available catalysts that
were used in liquefaction and hydrotreatment
process and showed important influence on the
reaction kinetics and selectivity. The liquefaction of
lignocellulosic material was performed in a 300 mL
autoclave, using green solvents such as glycerol and
ionic liquids at ambient pressure (in nitrogen) or by
using hydrogen donor solvents at elevated pressure
of hydrogen [2]. In heterogeneously catalysed runs,
sulphided commercially available NiMo/Al2O3
catalysts were used, as they are known for their
bifunctional hydrogenation, deoxygenation and
hydrocracking activity.

For hydrodeoxygenation testing, waste
lignocellulosic biomass liquefied by glycols was
used as a feedstock [3] while commercially
available
Ni/Al2O3-SiO2,
Pd/C,
Pd/Al2O3,
NiMo/Al2O3 catalysts were tested. The selection of
active metal and support had a significant influence
on the kinetics of the oxygen removal and quality of
the fuel obtained. Ni/Al2O3-SiO2 (Figure 1) showed
highest
activity
for
decarbonylation
and
decarboxylation reactions, palladium based catalyst
resulted in best rheological properties of the
product, while the use of NiMo/Al2O3 showed
highest overall hydrodeoxygenation activity.
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Figure 1: Scanning electron microscopy image of
nickel on silica-alumina support
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subsequently forming the grey-black voluminous
precursor powders.

Katarina Vojisavljević1, Biljana Stojanović2,
Brigita Kmet1, Jena Cilenšek1, Barbara Malič1

According to the X-ray diffraction analysis the
phase pure delafossite was obtained only when the
precursor powder was prepared from the
stoichiometric redox reaction, and after the
calcination at 920 oC for 4 h in Ar atmosphere. The
field emission scanning electron micrographs
revealed the cauliflower aspect of the calcined
powder, where small primary particles formed the
agglomerates. The formation of the phase pure
CuAlO2 powder was also confirmed by Fourier
transformed infrared spectroscopy.
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Recently, a considerable effort has been devoted to
research and improvement of both dielectrics and
wide band-gap semiconductors for the realization of
fully transparent devices. Due to the lack of
available p-type transparent conducting oxide
(TCO) materials, special attention was paid to
production of delafossite structured CuMO2 (M =
Al, Cr or Y), which exhibit sufficiently large energy
gap, required for transparency across the full visible
spectrum, and high enough concentration of holes
with sufficiently large mobility. Those materials are
considered to be good candidates for p-type TCOs.
Among them, the CuAlO2 seems to be the most
promising candidate to fulfill the demands for
technical application.
However, related studies on CuAlO2 are interested not
only in examination of the transparent conducting
oxides properties, but also in exploring its applications
as a catalyst for the conversion of solar power to
hydrogen energy, catalysts for steam reforming process
and exhaust gas purification, room temperature ozone
sensors, or thermoelectric devices. The performance of
CuAlO2 in some of the mentioned applications could be
optimized by increasing surface area and decreasing its
particle size. Therefore, the synthesis of nanocrystalline
CuAlO2 has been a hot topic for material chemists.

Compared with the solid state synthesis where high
processing temperatures (1100 oC) and long reaction
times (96 h) have been used to obtain single-phase
delafossite CuAlO2 [1, 2], both the calcination
temperature and the dwell time are certainly lowered by
the proposed citrate-nitrate combustion route.
References:
[1] Liou, Y.C.; Lee, U.R. J. Alloys Comp.
467,:496(2009).
[2] Zheng, X.G.; Taniguchi, K.; Takahashi, A.;
Liu, Y.; Xu, C.N. Appl. Phys. Lett. 85, 1728(2004).
Acknowledgments:
We acknowledge the financial support of the
Slovenian research agency (research programme
P2-0105 and projects J2-4273) and the EC within
the 7FP ORAMA project: Oxide materials for
electronics applications, Grant Agreement NMP3LA-2010-246334.

The nanocrystalline delafossite CuAlO2 powder was
synthesised by a sol-gel nitrate-citrate self-sustained
combustion route. Citric acid was introduced both
as the chelating and reducing agent or fuel. The
citric acid/metal ion ratio was adjusted to provide
fuel-lean, stoichiometric or fuel-rich conditions of
the redox reaction. Equimolar amounts of copper
and aluminium nitrates and the citric acid were
dissolved in deionized water. The solution was
agitated at room temperature for 1 h, and then
neutralized to increase the efficiency of chelating
agent. After several hours of drying in temperature
range 60 oC – 80 oC, the sol was turned to
homogeneous viscous gel. During the rapid heating,
the gels auto-ignited at approximately 250 oC
(depending on the amount of the fuel) and
underwent smouldering combustion spontaneously
with the evolution of large amounts of gases,
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Annealing of C60 in hydrogen at temperatures above
the stability limit of C-H bonds in C60Hx (500550oC) is found to result in direct collapse of cage
structure and formation of solid mixture of larger
hydrocarbons. The products of reaction are only
partly soluble in non-polar solvents and represented
by set of hydrocarbon molecules and few layered
graphene sheets. Hydrogen annealing of C60 films
with the thickness below 10 nm is found to result in
formation of nano-sized islands, which showed
Raman spectra very similar to the spectra of
coronene olygomers and conductivity typical for
graphene. Nanomanipulations of 30 nm transformed
C60 islands show that they can be easily exfoliated
by applying a sheer force of less than 60 nN.

Figure 1 Topographic AFM images in tapping
mode: a) nanoislands formed by hydrogen collapse
of C60 thin film b) individual nanoislands before
exfoliation c) after exfoliation; d) STM image of
island on Au(111) surface. Scanning parameter are
0.5 nA and 0.6 V for tunneling current and sample
bias respectively.
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Anatase nanostructures with various morphologies
are important because of the need for materials with
good photocatalytic performance for their
implementation in industry. The formation of onedimensional (1D) anatase nanostructures from 1D
protonated titanates is a very promising method for
its synthesis. A large variety of 1D protonated
titanates can be prepared by alkaline hydrothermal
treatment of TiO2 followed by an ion-exchange.
Calcination and hydrothermal treatment in an
autoclave are the standard methods for the
transformation of protonated titanate nanoribbons
(HTiNRs) to anatse nanoribbons (NRs). However,
since both methods are very energy demanding, we
have explored the use of microwave irradiation to
transform HTiNRs.

conditions
used.
Transformation
under
hydrothermal conditions has three advantages over
calcination. First, it was achieved at a significantly
lower temperature. Secondly, the specific surface
area of hydrothermally prepared anatase NRs was
greater by a factor of two, due to the formation of
small anatase nanocrystals on the surface of the
NRs, as demonstrated by BET, SEM and HRTEM.
Thirdly, the surface of anatase NRs prepared
hydrothermally was rich in –OH groups, as shown
by TGA and IR analyses. The last two properties
resulted in higher photoactivity of the material, as
shown by EPR measurements. The transformation
under microwave irradiation proceeded 3-fold faster
than that under calcination conditions, and 5-fold
faster than the transformation by convective
hydrothermal
treatment.
Thus, HTiNRs can be transformed to anatase NRs
under microwave irradiation. Lower energy
consumption and the benefits of hydrothermal
treatment make this a good alternative to
conventional transformation methods.

HTiNRs were treated hydrothermally in a
microwave reactor at 200 °C for 2 h. The results
were compared with the outcomes of calcination at
570 °C for 6 h and of hydrothermal treatment in an
autoclave at 160 °C for 10 h. The prepared materials
were characterized with X-ray diffraction (XRD),
scanning electron microscopy (SEM), high
resolution transmission electron microscopy
(HRTEM), thermal gravimetric analysis (TGA),
Fourier transform infrared spectroscopy (FTIR) and
nitrogen adsorption-desorption isotherms (BET).
Their photoactivity was assessed by measuring the
electron paramagnetic resonance (EPR) signal under
UV-illumination.
XRD and SEM analyses revealed the formation of
anatase NRs from HTiNRs under the three reaction
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Deteriorating environmental conditions and
climate changes caused by massive discharge of
CO2 and CH4 (biogas) calls for urgent, global
attention. A renewable energy source that resides in
the production of syngas to produce fuels from
biogas through the dry reforming of CO2-CH4 has
been recognised as an appropriate solution. Over the
years, a variety of supported metal catalysts have
been developed for this purpose [1].
Existing challenges, however, include the
extreme high cost and low availability of noble
metals and high coking from Ni-derived catalyst. In
order to overcome these problems, an excellent
strategy is to introduce ceria-zirconia (CeZr) as the
support for active phase catalyst comprised of Ni
and Co that are inexpensive. This work emphasises
on the study of design parameters for developing
CeZr/NiCo catalysts in CH4-CO2 dry reforming.
Briefly, CeZr (wt. ratio = 80:20) were
synthesised hydrothermally with ethylene glycol,
followed by the
homogenous
deposition
precipitation of NiCo (wt. ratio = 40:60). The design
parameters that were explored include: calcination
temperature of CeZr (300, 350 and 400 oC, denoted
as c300, c350, c400), deposition amount of NiCo
(varied from 1.5 to 3.0 wt. %), drying (freeze or
oven-drying, denoted as FD or OD) and heat
treatment methods (calcination by air or NO gas) in
search for the most favourable parameters to
enhance catalyst activity and thus increase the
syngas output.
Characterisation techniques such as BET,
SEM, TPR, XRD, helium gas pycnometry, TGDSC and TPO were conducted on the fresh and
spent catalysts. 0.5 g catalyst and 2.8 g SiC sand
were prepared as the fixed bed inside a quartz
tubular reactor for 20 h of activity test conducted at
750 oC, with WHSV = 12 L/(gcat h).
Table 1 presents the obtained data for the
catalysts and supports, showing the BET specific
surface area, total pore volume (VTP), mean pore
size (dp) and helium density (ρs). It is observed that
the pore size of CeZr is directly proportional to its
calcined temperature; but their BET specific surface

area is inversely proportional to it. On the other
hand, 2.5 wt. % NiCo loading has the highest
surface area for both c300 and c350 of all NiCo
loading values. Specifically, 2.5%NiCo/CeZr c350
catalyst provides the highest surface area.
Regardless of the calcination temperature for CeZr,
3.0%NiCo catalysts (all c300, c350 and c400) have
pore sizes exceeding 10 nm. However, the total pore
volume of all samples does not differ much. For the
density values, no correlation can be sought from
the calcination temperature of CeZr or NiCo loading
amount.
Table 1: BET surface area (SBET), total pore
volume (VTP), mean pore size (dp) and helium
density (ρs) for CeZr supports calcined at different
temperatures, with and without catalysts with varied
NiCo loading.
SBET VTP
dp
ρs
Sample
(m2/g) (cm3/g) (nm) (g/cm3)
CeZr c300
127.1 0.82
6.5 5.66
CeZr c350
117.9 0.81
7.1 5.39
CeZr c400
108.6 0.81
8.7 5.51
1.5%NiCo/CeZr c300 43.2 0.84
8.8 6.49
2.0%NiCo/CeZr c300 40.3 0.85
9.0 6.49
2.5%NiCo/CeZr c300 48.3 0.85
6.5 6.47
3.0%NiCo/CeZr c300 44.6 0.81
10.8 5.32
1.5%NiCo/CeZr c350 35.6 0.85
8.8 6.49
2.0%NiCo/CeZr c350 38.8 0.84
8.9 6.38
2.5%NiCo/CeZr c350 55.3 0.84
7.4 6.32
3.0%NiCo/CeZr c350 53.3 0.85
10.8 6.44
1.5%NiCo/CeZr c400 45.6 0.84
11.0 6.16
2.0%NiCo/CeZr c400 52.5 0.83
9.1 6.04
2.5%NiCo/CeZr c400 41.5 0.84
6.5 6.36
3.0%NiCo/CeZr c400 50.1 0.85
10.1 6.49
From the results above, the number of catalysts
were narrowed down to only four, as the ones with
more favourable properties were chosen, including
1.5 wt. % and 2.5 wt. % NiCo c350. Both OD and
FD sets of these samples were analysed by XRD to
probe their nano-crystalline structure. It was
discovered that despite the inclusion of Zr species
into the support, characteristic monoclinic and
tetragonal phases for Zr were not detected, as the
FCC configuration typical for Ce is retained (Figure
1). This is proved by the face-centre-cubic (FCC)
formation of ceria with its exposed stable crystalline
phase (111) identified at 28.9o in all samples, which
is ascribed to Ce0.75Zr0.25O2. Also from the
composition, it is ascertained that Zr4+ was
incorporated into the lattice [2]. The peaks are
broader for the FD due to more regular alignment of
Zr species in the Ce lattice. Due to the considerably
low amount (< 3 wt. %) of NiCo metal solids, no
characteristic 2Ɵ position can be discerned in all of
the catalysts.
82

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

Figure 1: XRD spectra for 1.5 and 2.5 wt. % NiCo
catalysts supported on CeZr, comparing OD or FD
methods.
Taking into account that FD produces more
structured incorporation of Zr into the support, and
also that higher loading of NiCo (2.5 wt. % instead
of 1.5 wt. %) is hypothesised to facilitate better dry
reforming activity, the FD set for 2.5 wt. % NiCo on
CeZr c350 was chosen for SEM imaging. Hence,
Figure 2 displays the morphology of CeZr, where
nano-powdered porous structure is observed
throughout the support surface, attributed to the
gradual and steady nucleation of CeZr crystallites.
Figure 2b shows the deposited NiCo nanoparticles
in the form of flat, thin nanoporous sheets (550-850
nm × 20 nm) in the support. Figure 2c shows fine
threads of carbon nanotubes that were formed on the
spent catalyst upon the completion of activity test.

Figure 2: (a) CeZr support (b) CeZr/NiCo
fresh catalyst (c) spent catalyst after CH4-CO2 dry
reforming reaction.
Upon the completion of 20 h-long activity test
for CH4-CO2 dry reforming, the syngas output, i.e.
H2 and CO, for 2.5 wt. % NiCo prepared on CeZr
c350 was shown in Figure 3 (OD vs. FD in Figure
3a; and air-treated vs. NO treated samples in Figure
3b). H2 level for OD was noticed to be stable and it
maintained at a satisfactorily high level, ranging
from 36 to 44 vol. %. Likewise, H2 production in
the FD sample also fared well, in which 44 to 43
vol. % output was obtained. Nevertheless, the FD
sample is more outstanding, as it has a H2 to CO
ratio closer to unity, i.e. 1.02 for FD and 0.62 for
OD, respectively. This indicates that FD creates a

smoother drying process, which enhances the
textural properties of the catalyst, in that more
evenly distributed active metal sites could be
formed to increase the catalytic activity. Similarly,
NO-treated catalyst also gave rise to H2 to CO ratio
closer to unity over the air-treated samples, i.e. 0.57
as compared to 0.43, respectively, although only a
slight increment. However, it is worth noting that
for air-treated catalyst, H2 yield witnessed a
significant drop from 41 to 22 vol %, whilst NOtreated was sustained after 20 h, finishing at a stable
36 vol. % from an initial value of 45 vol. %. This is
because NO gas is more effective than thermal
treatment with air in eliminating the nitrate
precursors from the catalyst and its support during
the final preparation step to form purer NiCo
metallic nanoparticles for the dry reforming
reaction.

Figure 3: Syngas concentration from CH4-CO2 dry
reforming activity test of 20 h for 2.5 wt. % NiCo
on CeZr support c350, comparing the preparation
methods between: (a) OD and FD samples; (b)
thermal treatment in air and under NO gas flow.
In summary, it was shown that the design
parameters, including the calcination temperature of
CeZr support, loading wt. % of NiCo catalyst,
different preparation methods for the supported
catalyst, namely, oven- or freeze-drying, and
thermal treatment either with air or under NO gas,
have an impact on their physical, structural and
textural properties, and hence the dry reforming of
CH4-CO2. In terms of NiCo loading examined in the
range of 1.5-3 wt. %, 2.5 wt. % is concluded to be
the most promising; whereas 350 oC is considered
the optimal calcination temperature for the support.
Lastly, freeze-drying and NO treatment are proved
to improve the catalytic performance and syngas
production over the oven-drying and air-treated
approach.
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One of the major perspectives of semiconductive
single wall carbon nanotubes (SWCNTs) foresees
their employment in optoelectronic and photonic
devices[1].
However the study of emission from individual
single nanoemitters needs non-conventional optical
methods, aimed at improving sensitivity and
pushing the spatial resolution beyond the diffraction
limit.
Here we show the use of the Scanning Near- Field
Optical Microscope (SNOM) which simultaneously
yields topographical(reconstructed through the
shear-force method, Figure 1) map and an optical
map. We investigate the origin and characteristic
of light emission in SWCNT semiconductors, trying
to find a correlation between the maps in two cases:
light stimulation(PL) and electrical stimulation(EL).
In a first round of experiments, the light emission
upon both optical excitation (far-field radiation at
561 nm) and electrical stimulation was hardly
discernible for two reasons: during the scan,
extended illumination could lead to the bleaching of
CNTs; in addition these scan times were not
compatible with the life-time of the two electrode
devices. In order to reduce the time of the scan and
increase the collected yield we developed a
Confocal Microscope for preliminary identification
of emitting regions, to be later analyzed with the
SNOM.
Our results in the PL experiment show an increase
of the signal to noise ratio, an improved excitation
efficiency and a decrease of the integration time
(down to 30ms per point) compared with the
experiments carried out by the SNOM.
On the other hand in the EL experiment the results
obtained in both cases show clearly emission spots
close to the negatively biased electrode. This
demonstrates how in such kind of device, the
emission is induced by electron impact process.
Moreover through the use of an inverted optics with
large numerical aperture (1.49) it has been possible
to estimate the quantum yield in these device in
order to 10-13.
This is a starting point for more sophisticated
experiments in nano-optics. In fact the Confocal
Microscope has been designed to accommodate the

SNOM head, which will lead to a powerful and
versatile instrument.
The Shear Force method is also applicable to
surfaces with complex macro scale background, like
the inner part of micro-drilled holes, for roughness
analysis[2]. It overcomes the two major limitation
of the AFM: tip wear and physical shape of the
cantilevered probe.
An interesting example is represented by the fuel
injector nozzles in the automotive industry.
Our results show how the Shear Force Microscope
became an essential scientific instrument in these
kind of industrial processes in order to evaluate the
evolution of the roughness inside the fuel channel,
to optimize the drilling techniques, to measure
complex shape samples that can strongly affects the
fluid-dynamics of the fuel injection.
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Figure 1: Sketch of the SNOM tip and sample
arrangement.
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Spatially resolved transillumination by optical
fiber

Figure 1: Afocal experimental set up using IR
laser , multimode optical fiber
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Reducing secondary effects in medical imaging is
an important topic in modern medicine. Techniques
which use non-ionizing radiation have been
improved lately, avoiding secondary effects of the
more extended ionizing radiation techniques
(radiography, PET, SPECT…). Visible and infrared
(IR) transillumination are interesting to study
internal structures of small objects. Filtering
ballistic photons, from scattered and snake, is the
way to resolve internal structures of these objects.
Temporally resolved transillumination, using ultrashort pulses, has been the most widespread
technique for last two decades. However the low
level of ballistic photons limits the technique. Here
we show for the first, in our knowledge, how
spatially resolved transillumination by optical fiber
avoids this problem. Using spatial filtering instead
of temporal filtering continuous wave lasers can be
used, the photon flux is increased and the signal of
ballistic photons is higher. Testing different
experimental parameters (experimental set up,
wavelength, target, optical fiber and position of the
object)has shown that, afocal experimental set up,
IR wavelength and multimode optical fiber gives
the best results. High quality images where
submilimetric structures and breaklines are resolved
have been successfully accomplished already
comparing with Ref. [1]. Future researches testing
more parameters are desirable and may confirm if
structure depth can be measured. As the low
ballistic photons signal has been overcome this
technique could be combined with polarization
photon filtering to improve results.
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Blue phases (BPs) are recently attracting
considerable interest due to several envisioned
applications in photonics and display technologies.
Various strategies have been exploited in order to
achieve a wide-range BP stabilization, among them
the dispersion of nanoparticles (NPs) [1-6].
Recently a mechanism has been proposed for the
accommodation of NPs in the defect cores [4, 7],
extending the mechanism that was originally
introduced for the case of polymer-induced BP
stabilization [8].
Here we report on the influence of anisotropic
nanoparticles on BP stabilization. The results are
obtained by means of high-resolution calorimetry
and polarizing optical microscopy. Surfacefunctionalized nanoparticles of different size (in the
range of 10 to 50 nm) and degree of anisotropy have
been used. The present results show that the
anisotropic nanoparticles stabilize mostly the cubic
structure of BPI [9, 10]. On the contrary, our
previous studies on spherical nanoparticles with a
similar surface-functionalization have revealed a
much stronger influence on the macroscopically
amorphous BPIII [2-4].
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Surface-functionalized nanoparticles of
various sizes and degree of anisotropy have been
dispersed in strongly-chiral liquid crystals (LCs).
The resulting soft nano-composites have been
studied by means of high-resolution calorimetry,
small-angle X-ray scattering and polarizing optical
microscopy.
The experimental results demonstrate the
stabilization of LC blue phases (BPs), especially
BPIII, as well as of twist-grain boundary phases
(TGBs) for spherical CdSe and CdSSe nanoparticles
(NPs) coated with flexible molecules [1-3]. BPs and
TGBs consist of networks of disclination lines and
screw dislocations, respectively. The simultaneous
stabilization of these defect lattices, observed for the
first time in LC+NP mixtures, has been recently
explained via an adaptive-defect-core-targeting
(ADCT) mechanism [3, 4]. This mechanism is a
generalization of the initially proposed model for
the polymer-stabilized BPs [5], accounting for the
nanoparticle-induced stabilization. ADCT can also
explain the effective trapping of NPs within the
screw dislocations of TGBs [3], as schematically
depicted in Fig. 1.
In order to gain an insight about the role of
NP size and shape on the BP stabilization, MoS2
and graphene nanosheets have been also used [6, 7].
Both kids of nanosheets are surface-functionalized
with flexible molecules. The effect of BP
stabilization is fully-reproducible, with the cubic
structure of BPI being mostly affected in this case.
The understanding and mastering of ADCT
mechanism [3] may offer new pathways towards the
controlled assembly of NPs in regular arrays within
soft media. Additional measurements are scheduled
at present towards this direction.

Figure 1: A rough schematic representation of
the trapping of NPs in disclination lines (left hand
side) and screw dislocations (right hand side) is
given.
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There
are
several
applications
requiring
polyethyleneimine (PEI) coated nanoparticles
(NPs), from diagnostics, cancer treatment, RNAi
based therapies to gene therapy and others1. PEI is
positively charged polymer, which forms different
polyplexes by self-assembly2 and can enter cells via
clatrinor
calveole-mediated
endocytosis,
macropinocytosis or phagocytosis3. It is useful as a
delivery system due to its ability to escape
lysosomes by 'proton sponge' effect, which enables
the delivery of NPs and their load into the cytosol45.
Nevertheless, because of its high positive charge,
PEI can cause apoptotic and/or necrotic cell death
via pore formation, membrane thinning and
mitochondrial permeabilization3, also at low NP
concentrations. To exploit the whole potential, high
concentrations of PEI-NP are needed, leading to
higher risk for cell toxicity. Modification of PEI-NP
can increase efficiency and lower toxicity2.
In this study, we developed and evaluated one of the
possible solutions to decrease the cytotoxicity of
PEI coated nanoparticles. Standard PEI coated NPs
were
prepared,
which
were
additionally
functionalized with antioxidant L-Glutathione
reduced.. Both NP formulations were characterized
using DLS (dynamic light scattering) and TEM
(transmission electron microscopy). All in vitro
experiments were performed on adherent Chinese
Hamster Ovary (CHO) cells. Viability was
determined for both types of NPs using fluorescence
microscopy (live/dead differential staining).
Using TEM, we were able to observe the NPmembrane interactions and determine the
internalization pathways in CHO cells. NP
aggregates were internalized via macropinocytosis,
and were found accumulated inside the cytoplasm
enclosed in different type of vesicles.
In this study we showed that glutathione has a
positive effect on cell viability after exposure to PEI
NPs. We have not yet explored the underalying
mechanisms. However, gluthation is a natural
antioxidant that helps cells to counteract formation
of reactive oxygen species (ROS) and by this

increases cellular viability, which is also the most
probable explanation of our results. Moreover, the
viability could also increase due to different
interactions of NPs with the cell membrane as a
result of bound glutathione, which changes physical
and chemical properties of outer surface of NPs.
Therefore further studies are needed.
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Figure 1: Viability of CHO cells after 24-hour
exposure to PEI or PEI-Glutathione coated NPs,
determined
using
fluorescence
microscopy
(live/dead differential staining). The results are
presented as percentage of viable cells compared
with the number of cells in the control sample.
Standard deviation is shown for three independent
experiments.
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quadruplexes or short G-wires consisting of two
stacked quadruplexes. In this case the growth
mechanism is presumably based on formation of
(G:C:G:C) tetrads between individual quadruplexes.
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Guanosine monophosphate (GMP) and guanine-rich
DNA sequences have the ability to grow into long
nanowires made up of guanine (G:G:G:G) tetrads
[1]. These - so called G-wires - can be deposited
onto solid substrates and are due to their mechanical
and thermal stability suitable candidates for
molecular electronic devices.
Our previous investigations [2] show that the G-rich
oligonucleotide GCGGTG4TGGCG is a very promising candidate for G-wire formation. The proposed
folding conformation of this oligonucleotide is a
core bimolecular G-quadruplex consisting of four
G-tetrads and two pairs of GC-termini located at
each side of the quadruplex stem [3,4]. To obtain
more insight into the self-assembly mechanism and
assess the validity of our model, we investigated
four analogous oligonucleotides: the above denoted
one and three similar ones with either 5', 3' or both
GC-ends missing.
Circular dichroism (CD) and polyacrylamide gel
electrophoresis (PAGE) were used to investigate the
structure, thermal stability, effect of ageing, and the
effect of adding different cations to our folded Gquadruplex structures. CD melting curves show that
G-quadruplexes from oligonucleotides with GCends are more thermally stable than quadruplexes
without GC-ends. The addition of monovalent
cations notably increased the thermal stability of all
quadruplex structures in the following order: K+ >
Na+ > Li+.

Figure 1: PAGE measurements of all four
oligonucleotides in 10 mM sodium phosphate buffer (pH
= 6.8) and 100 mM NaCl. Migration markers are: (A)
single stranded sequences (AC)9 and (AC)18 and (B)
quadruplex forming human telomeric sequence
d([G3T2A]3G3).
Oligonucleotides d(GCGGTG4TGGCG) in lane 1,
d(GCGGTG4TGG) in lane 2, d(GGTG4TGGCG) in lane
3, show one strong band with similar migration rates,
which correspond to two stacked quadruplexes.
Oligonucleotide d(GGTG4TGG) in lane 4 shows a
completely different migration pattern indicative of large
multimeric structures, the G-wires.
References:
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PAGE measurements (Figure 1) revealed that the
oligonucleotide without GC-ends (GGTG4TGG)
grows into the longest G-wires. The most probable
growth mechanism is stacking of individual
quadruplexes. The other three oligonucleotides
(with GC-overhangs) form only individual
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In the last years, there has been an increasing
interest in thin nematic shells [1-5] due to their
potential use as building blocks for novel materials,
such as photonic crystals and meta-materials, with
exceptional
properties
and
revolutionary
technological applications. These shells are
typically micron-sized objects (e.g., colloids or
liquid droplets) coated by a thin layer of nematic
liquid crystal (LC) film in which molecules are
subject to tangential (in-plane) orientational
ordering. In such shells, topological defects (TDs)
arise unavoidably due to topological reasons. It has
been suggested by Nelson [6] that topological
defects on shells - sites with no preferential
orientation order - could act as anchorage for linkers
that would connect the shells.
In such new materials the shells would have a
similar role as the atoms in crystal structures; here
the number of topological defects would correspond
to the atom valence. The possibility to construct
new materials has led many researchers to study
different means of controlling the number and the
position of defects by external fields [2], by
changing elastic anisotropy of the LC [1, 3, 4] or by
changing the shell geometry [3, 5].
In order to study the effect of shell shape on defects
configurations we have focused our interest on
torus-like shells. These are of particular interest
since, in this case, no topological defects are
required by the topology. In addition, toroidal shells
possess regions with both negative and positive
Gaussian curvature. The latter is important since it
was shown that the spatial dependence of the
Gaussian curvature K has strong impact on the
position as well as on the number of defects.
Namely, positive (negative) K attracts defects with
positive (negative) topological charge as already
shown by Vitelli and Turner [7]. For simulations we
have used a model based on the two dimensional
theory of nematic films in terms of a tensor order
parameter [3]. In our study, we have determined the
conditions that are necessary for forming new
defect-antidefect pairs (i.e., unbinding of TDs). Note
that the total sum of topological charges of all
defects residing on a toroidal shell surface is always
conserved and determined by the theorem of
Poincare [8]. Consequently, in toroidal shells it is

always equal to zero. Furthermore, we have
modelled the possible configurations in case of
absence or presence of the Napoli field [9]. We have
found out that in the latter case defects pairs are
shifted toward regions in the middle of the toroidal
shell (see Fig. 1(b) and 1(c)).

Figure 1: Defects on toroidal nematic shells. For
shape (a) the shell possesses no topological defects.
On the other hand, for shape (b) the shell possesses
two defects in the outer part of the toroidal shell and
two antidefects in the inner part of it. In case (c), for
which the Napoli field is present, the defects and
antidefects are shifted toward regions in the middle
of the toroidal shell.
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Thallium lead pentachloride, TlPb2Cl5, is a
representative member of lead-based chlorides and
bromides with the general formula APb2X5 (A = K,
Rb, Tl; X = Cl, Br) which are found to be very
attractive materials for their applications like freespace communication, optronic countermeasures,
optical remote sensing technology LIDAR, eye-safe
solid-state lasers, pollution detection, etc. TlPb2Cl5,
is isostructural with KPb2Cl5, RbPb2Cl5, KPb2Br5
and TlPb2Br5 compounds (crystallizing in the
monoclinic NH4Pb2Cl5-type structure). These
compounds are recognized as very prospective host
materials for their applications as solid state optical
amplifiers operated in the mid-IR wavelength range.
In the present work, we have performed a complex
study of the electronic structure of TlPb2Cl5
employing both theoretical and experimental
methods.
By
using
X-ray
photoelectron
spectroscopy (XPS), we have measured the corelevel and valence-band spectra for the pristine and
3.0 keV Ar+ ion-irradiated TlPb2Cl5 surfaces of a
polycrystalline specimen grown by the BridgmanStockbarger method. The XPS results indicate that
the Ar+ ion-bombardment of the TlPb2Cl5 surface
does not alter the shapes of the XPS core-level and
valence-band spectra as well as the binding energies
of the constituent element core levels. In addition,
the XPS studies reveal the low hygroscopicity of
TlPb2Cl5, a property that is extremely important for
handling this material in ambient conditions.

portion of the valence band. The bottom of the
conduction band of TlPb2Cl5 is dominated by
contributions of the unoccupied Pb 6p states. Our
calculations show that the Cl 3p states are
hybridized in comparatively high degree with the Tl
6s and Pb 6s states in the energy region
corresponding to the upper portion of the valence
band of TlPb2Cl5. Hybridization of the Tl 6p and Cl
3p states is also characteristic of the electronic
structure of the TlPb2Cl5 compound. The FP-LAPW
calculations indicate that, as a result of
hybridization of the mentioned electronic states,
there is a significant contribution of the covalent
component into the chemical bonding of TlPb2Cl5 in
addition to the ionic component. Additionally, the
FP-LAPW calculations reveal that the TlPb2Cl5
compound is an indirect-gap material with band gap
of 3.42 eV.

It is well known that the knowledge of the band
structure and peculiarities of the chemical bonding
plays an essential role in understanding the physical
and chemical properties of solids. Therefore, in the
present work we make use of the full potential
linearized augmented plane wave (FP-LAPW)
method as incorporated in the WIEN97 code to
elucidate the energy distribution of electronic states
of different symmetries of the atoms constituting
TlPb2Cl5.
Our
first-principles
FP-LAPW
calculations reveal that the valence band of TlPb2Cl5
is dominated by contributions of the Cl 3p states,
which contribute mainly into the top and the central
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Under present conditions on the market, the food
industry is increasingly opting for the irradiation of
foods, because this process extends the shelf-life
and ensures food integrity. The irradiation of foods
destroys harmful micro-organisms present; it
prevents germination, sprouting and ripening, so as
to minimize the loss of food and maintains their
quality; it halts or prevents the process of rotting or
decaying, thus reducing the spoilage of foodstuffs.
Such foods should be specifically identified and
monitored as excessive doses of radiation can cause
formation of harmful compounds (radicals). For this
purpose, a method for the detection and control of
irradiated foodstuffs was developed [1].
The most important step successful analysis is
sample preparation. Therefore it is necessary to
understand the transport of substances in the plant
and the nature and characteristics of accumulation
of phytolits [1].
The occurrence of Si within the plant is a result of
its uptake, in the form of soluble Si(OH)4 or
Si(OH)3O2, from the soil and its controlled
polymerization at a final location. As a consequence
of Si uptake into the plant, phytoliths or silica
bodies are formed which can incorporate in
intracellular spaces, the cell walls or vacoules of
certain plant cells. The simplest form of silica is the
monomer orthosilicic acid, composed of Si
tetrahedrally co-ordinated to four hydroxyl groups
that is found ubiquitously in soil at low
concentrations (a few mg /kg). Where the
concentration is in excess of 100–200 mg /kg,
polycondensation reactions lead to: polymerization
of monomers to form stable nuclei with critical size;
growth of nuclei to form spherical particles; and
aggregation of particles to form branched chains or
structural motifs (Fig. 1). As the silica particles
grow and approach 1–3 nm in size (as found in
nature), they carry a surface negative charge and
these particles then interact with the local
environment such as the plant cell wall. The
materials are amorphous at the 1-nm length scale
[2].

Termoluminescence takes place in two steps: in the
first step, the matter is excited by radiation, and the
second step involves thermal excitation and
recombination of electron-hole pairs. The glow
curves of the polyminerals extracted from plants are
broad and rather complex, because the content,
form, size, quantity and chemical composition of
phytolits can be very different.
In this study, a Tm-Tstop method was used, which is
the most suitable procedure for the determination of
number and positions of glow peaks in the case of
strongly overlapped glow peaks. The peak
temperatures Tm, where is TL intensity maximal, are
shifted to the lower temperature side with increasing
dose levels.
The thermoluminescence glow curve can be
described by different kinetic models: first-order
kinetics, second-order kinetics and the method
CGCD. The most important parameters of fit in
evaluating are figure of merit (FOM). The best
description of TL glow curves was determined by
more overlapping glow peaks by assuming a
General Order Kinetic (GOK) model [3].
Detection of irradiated foods is increasing with the
need for consumers to be able to make a choice
between irradiated and unirradiated foods.
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Figure 1: The polymerization of monomeric silicic
acid to form larger silica particles proceeds though
various condensation reactions with dimers,
oligomers and aggregates as intermediates.
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If DNA were conducting, its ability of
recombination and complementarity could facilitate
the formation of complex nanocircuits by selfassembly. That could make DNA a material of
choice in nanoelectronics. However intrinsically
DNA is a very poor conductor of electricity at
length scales longer than 10 nm. Various attempts
at improving conductivity so far have failed [1].
Here we investigate the possibility of improving
DNA electronic properties by forming metal
complexes of DNA (M-DNA) with transition metal
cations such as Co2+, Ni2+ and Zn2+ [2].
So far, different techniques have shown a strong
increase in electron transfer rates upon formation of
the M-DNA complex in solution. However, till now
there have been only few experiments on M-DNA
in dry form [3, 4].
Here we present first results on conductivity
measurements of M-DNA molecules on single
molecule level. DC conductivity and microwave
conductivity [5] are compared, showing remarkably
similar temperature dependences, suggesting
metallic conductivity of M-DNA at intermediate
temperatures. Issues of reproducibility are
discussed.
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Figure 1: a) Fraction (percentage) of dissolved
Pt per one cycle plotted against the vertex potential
of that cycle. b) ICP-MS responses with
corresponding cyclic voltammograms at the
potential upper limit of 1.6 V for all three types of
catalyst. Black dashed vertical line shows the
position of maximum of dissolution profile for
polycrystalline Pt from ref [3].

In PEM fuel cells, the activity has not only reached
but even markedly surpassed the DOE 2015 targets.
Now the challenge remains to increase their
stability[1]. In this respect understanding the
dominant mechanisms of electrochemical surface
area loss such as electrochemical dissolution of
platinum or alloy nanoparticles is of vital
importance [2]. We here present a new method for
the investigation corrosion of Pt and Pt alloy
nanoparticles under potentiodynamic regime by
coupling an electrochemical flow cell to inductively
coupled plasma mass spectrometry (ICP-MS). This
new method provides remarkable sensitivity and
new insights in to Pt and Cu dissolution.
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Light-sensitive liquid crystal elastomers (LSCE)
are composites of light sensitive and inert
mesogen molecules incorporated in a rubber
matrix. Although LSCE show an array of exotic
mechanical properties [1], their use as
diffraction gratings has been explored only
recently [2]. These complex materials are
highly anisotropic both mechanically and
optically and their properties can be greatly
modulated by UV light. An optical grating is
formed by two interfering UV beams. Light
intensity modulation leads to spatial
photoisomerisation of the light sensitive
component azobenzene. This leads to
modulation in nematic order and consequently
in optical properties. Such grating has strong
modulation of index of refraction in visible
range. Typically one probes the grating by
measuring the rocking curve (diffraction
efficiency as a function of incoming angle) in
the visible range.

The pronounced Bragg peak asymmetry in +-45
geometry however is still not explained by this
model (Fig 2) so further study is needed.
[1] M. Warner, E. M. Terentjev: Liquid Crystal
Elastomers. Oxford University Press, USA
(December 11, 2003), ISBN 0198527675.
[2] Gregorc M, Zalar B, Domenici V, Ambroži V,
Drevenšek-Olenik I, Fally M, Čopi M, Depth
profile of optically recorded patterns in lightsensitive liquid-crystal elastomers. Physical Review
E. 2012; 84, 031707
[3] M. Gregorc, H. Li, V. Domenici, G. Ambroži ,
M. Čopi , I. Drevenšek-Olenik, Optical properties
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Figure 1: Experimental rocking curve in +-45
writing geometry. The characteristic split of Bragg
peaks in clearly visible.

The process of grating formation has been
previously modelled in the simpler "ss"
geometry (both interfering beams were
polarised perpendicularly to the grating vector).
"+- 45" geometry (writing beams orthogonal at
all times and polarised at 45deg angle to s) has
however not been investigated. This writing
beam polarisation is especially interesting
because experimentally it gives rise to a
peculiar split in Bragg peaks (Fig 1) that has to
our knowledge not been described in literature.
Here we show by numerical computation how
the split in Bragg peaks can be attributed to
strong dichroism in the UV range. We also
show that the result can be understood in the
scope of an analytic approximation. This kind
of investigation is important if we strive to
utilise the full potential of these materials, that
have already led to interesting applications [3].

Figure 2: Numerically modelled rocking curve
reproducing the characteristic split shown in Fig 1.
Note the difference in symmetry between Fig 1 and
Fig2.
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Photoinduced phase transitions are interesting
phenomena which can reveal new “hidden” states of
matter –states which are not observable under
equilibrium conditions. Examples of such
transitions are known in a few different systems [1].
The usual lifetime of photoinduced states is shorter
than 10-6..10-4s which limits their practical
application.
We report on photoinduced phase transition to a
hidden state in a layered material 1T-TaS2. Unlike
any other reported photoinduced states, the one
observed here is completely stable at low
temperatures [2].
1T-TaS2 is material that shows few different CDW
phases at different temperatures:
- Incommensurate CDW below 550K
- Near commensurate CDW below 350K
- Commensurate CDW below 180K
The hidden state can be reached at temperatures
below 100K when the material is in the
commensurate charge density wave (CCDW) state.
Switching is achieved by excitation by a single 50fs laser pulse with energy above 1mJ/cm2 .
Importantly, the transition is reversible: the material
can be reverted back to CCDW state by train of 104
50-fs laser pulses, Joule heating or by annealing.
The hidden state has unique properties compared to
all the equilibrium states of 1T-TaS2. It shows 103
times lower DC resistivity, a changed optical
reflectivity, and modified single particle and
collective mode spectra.
The hidden state is attributed to a textured CDW
phase with modified incommensurate wavevector.
Domain walls that are created due to incoherent
nucleation of the CDW in different parts of the
sample stabilize the state giving rise to its long
lifetime.

The authors acknowledge European Research
Council for financial support and CENN
Nanocenter for the use of Oxford
SpectromagPT equipment.
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We apply femtosecond optical laser spectroscopy to
study the quasiparticle relaxation dynamics in
various complex systems such as cuprates, ironbased pnictides superconductors and charge-density
wave systems.
In undoped iron-based pnictides, exhibiting a spindensity wave (SDW) ordering, we observe a
bottleneck associated with a partial charge-gap
opening [1,2,3]. Similarly as in the previous
reported studies, a single relaxation process is
observed, showing a remarkable critical slowing
down of the quasiparticle (QP) relaxation dynamics
at the SDW transition temperature. On the other
hand, in the optimally doped crystals, a multiple
relaxation processes are present with distinct SCstate
quasiparticle
recombination dynamics
exhibiting a BCS-like T-dependent superconducting
gap, and a pseudogap (PG)-like feature at higher
temperatures. In all optimally doped cuprates and
iron-based pnictides, we observe a saturation of the
superconducting relaxation component. By taking
into account the optical constants such as
penetration depth and reflectivity we can accurately
calculate energy needed for destruction of the
superconducting state. If we compare the
magnitudes of the destruction and condensation
energies we notice a significant discrepancy in
cuprates and iron-based pnictides, which can be
explained with a phonon-mediated QP bottleneck
mechanism [4]. In contrast, in the charge-density
wave systems, the destruction is faster and
electronic; therefore it can not be explained in the
frame of the proposed QP bottleneck mechanism.
The second moment of the Eliashberg function,
obtained from the relaxation rate in the metallic
state at higher temperatures, has similar values in
different iron-based pnictides, which indicates a
moderate electron phonon coupling.
More recently we have observed a switching
between an equilibrium state to a metastable in 1TTaS2 charge-density wave system by means of
ultrafast laser quench through a symmetry breaking
transition [5]. The switching is repeatable and
accompanied with a change in reflectivity and DC

resistance, opening a new possibility for ultrafast
non-volatile memory devices.
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Polyvinylidene fluoride (PVDF) is a highly nonreactive thermoplastic fluoropolymer with a high
thermal stability (up to 175°C) and it is used in a
wide range of applications dependent on a particular
phase of crystallization. Relatively high coefficient
of friction (0.25–0.45) of PVDF limits its
application as selflubricative coating or as a
protective barrier coating. Various approaches were
used for improving tribological properties of PVDF
phases. As example, incorporation of carbon fiber
into PVDF was used for improving the friction and
wear properties in ball-on-block reciprocating
sliding against stainless steel [1].
Here we present PVDF nanocomposite films
containing coaxial MoS2 NTs [2], that strongly
reduce friction behavior of the polymer. Results of
electron microscopy and Raman spectroscopy
characterization are combined with results of
friction tests in flat-on-flat and ball-on-disc
configuration with AISI 316 stainless steel as
counterpart [3].
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Figure 1: Distribution of MoS2 NTs inside PVDF
film: (a) optical micrograph in reflection mode of
PVDF thin film containing 0.5 wt. % of MoS2 NTs;
(b) SEM image using 15 kV acceleration voltage
revealing MoS2 NTs immersed inside the polymer
and wear scars caused by friction test.

Figure 2: Results of friction tests in a flat-on-flat
geometry for PVDF/MoS2 nanocomposite films
with: (a) 0 wt.%, (b) 1 wt.%, and (c) 2 wt.% of
MoS2 NTs, with polished stainless steel AISI 316 as
counterpart.
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Many worldwide celebrations are nowdays
accompanied with fireworks and other
pirotechniques explosions, without knowing the
effect of those explosions on the level of air
pollution. High numerical concentrations of
nanoparticles have been detected when air
pollution was measured after relatively modest
six-minute long firework, which marked the
celebration of the 20th anniversary of Slovenian
independence [1]. Even small children toys as
sparkling wands (also called Bengal sticks) that
are widely used for celebration of different
events due to their aesthetic and entertainment
effects, aren’t a harmless fun. While the
precaution measures deal with safety rules
regarding possible burns of skin or eyes, a
strong emission of nanoparticles in the process
of burning of a sparkling wands is totally
ignored and unregulated. We report on
relatively high numerical concentrations of
nanoparticles released during burning of two
types of sparkling rods measured by scanning
mobility particle sizer. Information from
chemical analysis and surface morphology
investigation performed on pristine and burned
sparkling wands is compared to the relevant
data obtained on released nanoparticles.

Figure 1: Nanoparticles as a result of fireworks
trapped on a filter - Chemical analysis has shown
the presence of carbon and aluminum,
magnesium, potassium, calcium, iron, copper
and lead.

Figure 2: Measured effect of burned sparkling
wands - The wands have been lighted one after
the other every hour. Half an hour after the
burning the third wand, forced air exchange was
performed before the 4th wand was lightened.
The same procedure was taken also before the 5th
wand was lightened.

References:
[1] Iskra, I., & Remškar, M. (2011). "Imamo »um in
pogum«, da ognjemetom re emo ne?". Retrieved
from http://www.delo.si/druzba/znanost/imamo-umin-pogum-da-ognjemetom-recemo-ne_2.html

Acknowledgement: We thank Mira Zupan i
for chemical analysis of sparkling wands.

99

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013

List of participants
(in alphabetical order)

Gadermaier Christoph, Jožef Stefan Institute,
Ljubljana, Slovenia

Ar on Denis, Jožef Stefan Institute/ Faculty of
Mathematics and Physics, Ljubljana, Slovenia

Gasan Osojnik Črnivec Ilija, National Institute of
Chemistry, Ljubljana, Slovenia

Baranov Vladimir, Jožef Stefan Institute, Ljubljana,
Slovenia

Goldoni Andrea, ST-INSTM Lab., Elettra –
Sincrotrone, Trieste, Italy

Bittencourt Carla, University of Mons, Belgium

Gorjanc Marija, Faculty of Natural Sciences and
Engineering, Ljubljana

Borovšak Miloš, Jožef Stefan Institute, Ljubljana,
Slovenia
Borzda Tetiana, Jožef Stefan Institute, Ljubljana,
Slovenia

Gradišar Urška, Jožef Stefan Institute, Ljubljana,
Slovenia
Grilc Miha, National Institute of Chemistry,
Ljubljana, Slovenia

Buh Jože, Jožef Stefan Institute, Ljubljana, Slovenia
Ćelić Nevena, Jožef Stefan Institute, Ljubljana,
Slovenia
Cordoyiannis George, Jožef Stefan Institute,
Ljubljana, Slovenia
Čoga Lucija, Faculty of Mathematics and Physics,
Ljubljana, Slovenia
Denusyuk Natalia, Institute for Problems of
Materials Science, National Academy of Sciences
of Ukraine
Dražić Goran, National Institute of Chemistry,
Ljubljana, Slovenia

Hassanien Abdou, National Institute of Chemistry,
Ljubljana, Slovenia
Ilkiv Bogdan, Frantsevich Institute for Problems of
Materials Science, Ukraine
Jelen Andreja, EN-FIST Centre of Excellence,
Slovenia
Jelenc Janko, Jožef Stefan Institute/ CO Namaste,
Ljubljana, Slovenia
Jesenek Dalija, Jožef Stefan Institute, Ljubljana,
Slovenia
Jovanovi Primož, National Institute of Chemistry,
Ljubljana, Slovenia

Drevenšek Olenik Irena, Jožef Stefan Institute/
Faculty of Mathematics and Physics, Ljubljana,
Slovenia

Kalšek Eva, Jožef Stefan Institute, Ljubljana,
Slovenia

Dušak Peter, Jožef Stefan Institute, Ljubljana,
Slovenia

Kaplan Renata, National Institute of Chemistry,
Ljubljana, Slovenia

Đorić Marko, Jožef Stefan Institute/Centre of
Excellence Namaste, Ljubljana, Slovenia

Kostevšek Nina, Jožef Stefan Institute, Ljubljana,
Slovenia

Emin Saim, University of Nova Gorica, Nova
Gorica, Slovenia

Kovi Andrej, Jožef Stefan Institute, Ljubljana,
Slovenia

Erjavec Boštjan, National Institute of Chemistry,
Ljubljana, Slovenia

Kreta Ahmed, National Institute of Chemistry,
Ljubljana, Slovenia

Eršte Andreja, Jožef Stefan Institute, Ljubljana,
Slovenia

Lanzani Guglielmo, Italian Institute of Technology,
Italy

Flajs Nevenka, Faculty of Natural Sciences and
Engineering, Ljubljana

Lapornik Vida, National Institute of Chemistry,
Ljubljana, Slovenia
100

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013
Likozar Blaž, National Institute of Chemistry,
Ljubljana, Slovenia

Simi Miloševi Violeta, SPECS Surface Nano
Analysis GmbH, Berlin, Germany

Lojk Jasna, Faculty of Electrical Engineering,
Ljubljana, Slovenia

Sinn Moom Aw, National Institute of Chemistry,
Ljubljana, Slovenia

Madan Ivan, Jožef Stefan Institute, Ljubljana,
Slovenia

Stoj evska Malbašić Ljupka, Jožef Stefan Institute,
Ljubljana, Slovenia

Majzik Andrea, University of Szeged, Hungary

Strojan Klemen, Faculty of Electrical Engineering,
Ljubljana, Slovenia

Mavri Tina, University of Nova Gorica, Nova
Gorica, Slovenia
Mihailović Dragan, Jožef Stefan Institute/ CENN
Nanocenter, Ljubljana, Slovenia
Mikulska Iuliia, University of Nova Gorica, Nova
Gorica, Slovenia
Obradovi Vera, Faculty of Technology and
Metallurgy, University of Belgrade, Belgrade,
Serbia
Ohno Yutaka, Nagoya University, Nagoya, Japan
Petrozza Annamaria, Istituto Italiano di tecnologia,
Milano, Italy

Strojnik Martin, Jožef Stefan Institute, Ljubljana,
Slovenia
Šala Martin, National Institute of Chemistry,
Ljubljana, Slovenia
Tav ar Gašper, Jožef Stefan Institute, Ljubljana,
Slovenia
Topolovšek Peter, Jožef Stefan Institute, Ljubljana,
Slovenia
Tr ek Maja, Jožef Stefan Institute, Ljubljana,
Slovenia

Perez Ramirez Javier, ETH Zürich, Switzerland

Trovarelli Alessandro, University of Udine,
Dipartimento di Chimica, Fisica e Ambiente, Udine,
Italy

Pintar Albin, National Institute of Chemistry,
Ljubljana, Slovenia

Tytarenko Alona, Taras Shevchenko National
University of Kyiv, Ukraine

Plohl Olivija, Jožef Stefan Institute, Ljubljana,
Slovenia

Varlec Ana, Jožef Stefan Institute, Ljubljana,
Slovenia

Pogrebna Anna, Jožef Stefan Institute, Ljubljana,
Slovenia

Vaskivskyi Igor, Jožef Stefan Institute, Ljubljana,
Slovenia

Prijatelj Matej, Jožef Stefan Institute, Ljubljana,
Slovenia

Vega Mayoral Victor, Jožef Stefan Institute,
Ljubljana, Slovenia

Rigler Martin, Faculty of Mathematics and Physics,
Ljubljana, Slovenia

Vella Daniele, Jožef Stefan Institute, Ljubljana,
Slovenia

Rutar Melita, Jožef Stefan Institute, Ljubljana,
Slovenia

Veryasov Gleb, Jožef Stefan Institute, Ljubljana,
Slovenia

Samodurova Anastasia, Jožef Stefan Institute,
Ljubljana, Slovenia

Vojisavljević Katarina, Jožef Stefan Institute,
Ljubljana, Slovenia

Sebok Daniel, University of Szeged,
Supramolecular and Nanostructured Materials
Research Group of The Hungarian Academy of
Sciences, Szeged, Hungary

Vuji ić Nataša, Institute of Physics, Zagreb,
Hrvaška

101

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013
Yazyev Oleg, Institute of Theoretical Physics
(EPFL), Lausanne, Switzerland
Zabilskiy Maxim, National Institute of Chemistry,
Ljubljana, Slovenia

102

SLONANO 2013, Ljubljana, Slovenia, 23–25 October 2013
SLONANO 2013 PROGRAMME
WEDNESDAY, October 23
8:45-9:00

9:00 - 9:30

FRIDAY, October 25

Welcome: Dragan Mihailović, Denis Arčon, Albin Pintar
Nano-shaped material for energy production
Javier Pérez-Ramírez: Catalytic processes for halogen
recycling: past, present, future

9:30-10:00

Annamaria Petrozza: Excitons versus Free Charges: a
Photophysical Picture of Tri- Halide Organo-lead Perovskites
for Highly Efficient Hybrid Solar Cells

10:00-10:15

Gleb Verysov: Catalytic activity of MoS2 Nanoparticles in
hydrodeoxygenation of liquefied wood

10:15 - 10:35

THURSDAY, October 24

coffee break

9:00 - 09:30
9:30-9:45
9:45-10:00

10:00 - 10:35

Inorganic nanostructures and composites
Oleg Yazyev: Towards realizing magnetic materials and
nanostructures based on graphene: a theorist’s perspective
Lucija Čoga: Self-assembly of lipoguanosine derivates on
surfaces
Saim Emin: Photoelectrochemical investigation of textured
porous CuO thin films prepared from electrodeposited CuCl

coffee break

9:00 - 09:30

Advanced microscopy techniques
Carla Bittencourt: NEXAFS Measurements of Nanoribbons: Nanoscale
Spectroscopy with Polarized X-rays

9:30 - 10:00

Goran Dražić: Atomic resolution scanning transmission electron microscope first results and impressions

10:00-10:15

Violeta Simic Milosevic: Challenges and new milestones in probe
microscopy

10:15 - 10:35

coffee break

P-electron nanostructures
10:35 - 11:05

11:05 - 11:20
11:20 - 11:35
11:35 - 11:50

Allessandro Trovarelli: Shape dependent activity of ceriabased catalysts in combustion reactions
Ilija Gasan Osojnik Črnivec: Nanocrystalline Zr incorporated
CeO2 with superior redox properties as designated NiCo
catalyst carriers for CO2-CH4 methane reforming
Maxim Zabilsky: Nanostructured CuO-CeO2 mixed oxide as a
catalyst for N2O decomposition
Blaž Likozar: Intrinsic Kinetics of Transesterification Reactions
for Biodiesel Production using Homogeneous and
Heterogeneous Catalysis

10:35 - 11:05

Gašper Tavčar: Novel chemical routes for the alkali metal
“doping” of polycyclic aromatic hydrocarbons and
characterization of their physical properties

11:05 - 11:35

Andrea Goldoni: “With a little help from a friend”: the Picene
story + C60

11:35 - 11:50

Vladimir Baranov: Hysteretic current-voltage characteristics of
superconducting channels

11:50 - 12:30

Lunch

11:50 - 12:30

Lunch

12:30 - 13:00

POSTER SESSION

12:30 - 13:00

POSTER SESSION

10:35 - 11:05

Mom Sinn Aw: Non-eroding nanoporous materials: Novel concepts for
controlling drug release

11:05 - 11:20

Abdou Hassanien: Microscopic charge transport properties of pristine and
doped carbon nanotube thin film transistors

11:20 - 11:35

Martin Rigler: Ellipsometric characterization of optically anisotropic AIN thin
films with rough surfaces

11:35 - 11:50

Iulia Mikulska: Effect of doping concentration on the ferromagnetic
properties of Fe-doped BaTiO3

11:50 - 12:30

Lunch

12:30 - 13:00

POSTER SESSION

Applications
13:00 - 13:30

Guglielmo Lanzani: the organic approach toward an artificial
retina

13:30 - 13:45

Peter Topolovšek: Application of MoS2: P3HT blends as active
material in organic solar cells

13:45 - 14:00

Ana Varlec: Microscopic and spectroscopic investigation of
MoS2 nanotubes/P3HT nanocomposites

14:00 - 14:15
14:15 - 14:30
14:30 - 15:00

Nevena Ćelić: The increased efficiency of P3HT:PCBM solar
cells with addition of MoSI nanowires
Vida Lapornik: Manganese-functionalised zeolite silicalite-1 in
lithium sulphur batteries
coffee break

13:00 - 13:30

Yutaka Ohno: Carbon nanotube thin films for flexible
electronics applications

13:00 - 13:15

Jože Buh: Template synthesis of single phase δ3-MoN superconducting

13:15 - 13:30

Martin Strojnik: Dimensional crossover in ultrathin molybdenum nanowires

13:30 - 13:45

Boštjan Erjavec: Modified titanate nanotubes as promising
photocatalysts for degradation of bisphenol A solution

13:30 - 13:45

Andrej Kovič: Molybdenum based nanowires and nanotubes

13:45 - 14:00

Renata Kaplan: Catalytic wet air oxidation of nonbiodegradable
organic chemicals in the presence of titanate nanotubes

13:45 - 14:00

Anna Pogrebna: Photoexcited Eu2+ spin dynamics in EuFe2(As1-xPx)2

14:00 - 14:15

Peter Dušak: Heteroagglomeration of two types of nanoparticles
in an aqueous suspension

14:00 - 14:15

Ivan Madan: Superconducting fluctuations in Bi2Sr2CaCu2O8+d
Closing remarks

14:15 - 14:45

coffee break

14:30 - 15:00

coffee break

103

