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Gas Sensors Based
on Metal Oxide Nanowire Bundles:
Preparation and [-V Characterization

A. Ponzoni, A. Vomiero, E. Comini,
M. Ferroni, G. Faglia, G. Sberveglieri

CNR-INFM SENSOR, Chemistry and Physics Department of Brescia University
Via Valotti 9, 25133 Brescia, Italy

Metal oxides have been recently synthesized as quasi one-dimensional single crys-
talline nanostructures, such as nanowires, nanobelts, nanotubes, nanorods [1].

Several works have demonstrated a strict relation between the structural features
of such materials and their innovative properties, suited for the development of differ-
ent devices such as nano-transistors, field-emitters, nanocantilevers, gas-sensors [2].

Despite the exciting results obtained in several fields, including nano-electronics,
the preparation of electrical contacts to integrate nanowires in functional devices
remains a challenging task. Furthermore, it is fundamental to identify how the elec-
trodes affect the device properties. It has been shown in literature that the resistance
of a device based on a single semiconducting nanowire is strongly dominated by the
reverse-biased junction formed at the nanowire-electrode interface [3].

In this work we focus on metal oxide nanowire bundles which have been largely
investigated as gas sensors, but few works have been addressed to identify the contri-
bution of the electrical contacts [4] (and references therein).
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Figure 1: (a) Secondary-electron SEM image of a nanowire bundle; (b) device resistance
(R) plotted as a function of the applied voltage; the voltage dependence of R indicates
that the contribution of the electrode-nanowire junction affects the device resistance at low
temperature (50°C) while it becomes negligible at high temperature (250°C and above)
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We use a lift-off method based on a sacrificial SiO5 layer to pattern the nanowire
growth according to the device layout. Electrodes are further deposited by sputtering.

The effectiveness of the method to prepare reliable contacts is verified by means
of I-V characterization. An analysis of the temperature dependent I-V relationship
permits to identify the conditions (bias voltage and sensor temperature) in which
the device conductance can be ascribed to the nanowire bundle rather than to the
electrode-nanowire junction.
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Storage of hydrogen at near ambient temperatures and pressures is an unsolved
problem for the scientific community. Hydride storage in solids is one of the most
promising, safe solutions for sustainable use. The magnesium and its alloys have at-
tracted a lot of attention since the gravimetric hydrogen capacity is relatively high
7.6 wt. % for Mg, 3.6 wt. % for MgoNi and the systems are reversible. However, hy-
drogen loading kinetics is slow. The accommodation efficiency of equilibrium molec-
ular hydrogen in metals and alloys is extremely low in comparison with that of the
non-equilibrium hydrogen. In the present work, plasma technologies are used when
activated hydrogen particles with the efficiency close to 1 are accommodated in the
metal lattice, or just stick to its surface, depending neither on the temperature nor
on the atomic composition of metal samples.

The non-equilibrium plasma immersion ion implantation technique was used in
an attempt to produce new alloys and compounds with new structures modifying
and altering their thermodynamic properties. Hydrogenation of 1.5-2 pm thick Mg
films deposited on quartz and stainless steel substrates was performed in the range
of low (370-420 K) temperatures using CHy + Ar working gas in the range of 0.1-
5 Pa pressures. Mg films were immersed in plasma and ions were extracted from the
plasma by applying a high (0.5-2 kV) pulsed voltage. After hydrogenation, the depth
across film thickness distributions of H and C atoms was measured using the Elastic
Recoil Detection Analysis (ERDA) with 35 MeV CIT. The phases were identified
using X-ray diffraction (XRD) technique and the surface topography of as-deposited
and hydrogenated films was analyzed by scanning electron microscopy.

The experimental carbon distribution profiles were fitted with the simulated ones
based on the analysis of solutions of rate equations describing a variety of processes,
such as carbon adsorption, diffusion, sputtering, ion implantation and ion mixing.
The dominant mechanisms transporting incident particles from the surface into the
bulk are discussed.

The study aims at finding plasma treatment parameters for the realization of
magnesium hydrogenation using CH, compounds as the working gas, so as to avoid
the hydrogen purification process.
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A X-ray Absorption Spectroscopy Study
of a Low-Pt Content Nano-catalyst Operating
in a PEM Fuel Cell
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An X-ray absorption spectroscopy (XAS) study of a novel Pt-based catalyst layer
(Pt loading 0.1 mg/cm?) operating at the cathode of a proton exchange membrane
fuel cell (PEMFC) is presented. This innovative catalyst is based on the use of a meso-
porous inorganic matrix as a support for the catalyst nanoparticles. The catalytic ef-
ficiency thus obtained has been found to be comparable to state-of-the-art electrodes
with a Pt loading of 1 mg/cm?2.

Figure 1: Picture taken at the BM29 spectrometer (ESRF) showing the special PEM fuel
cell positioned close to the 13-channels Ge X-ray detector (on the left) on the beam direction
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Due to the very low Pt content, in-situ measurements of its structural properties
by XAS are challenging and suitable experimental strategies must be devised for this
purpose. In particular, it is shown that accurate XAS in-situ fluorescence measure-
ments can be obtained using an optimized fuel cell, suitable protocols for alignment
of a focused x-ray beam and an appropriate filter for the background signal of other
atomic species contained in the electrode. Details, advantages and limitations of the
XAS technique for the in-situ measurements are discussed. An analysis of the near-
edge XAS and EXAFS (extended X-ray absorption fine structure) data shows that Pt
nanoparticles have a local structure compatible with that of bulk Pt (fcc) and the co-
ordination numbers match those expected for particles with typical sizes in the 1.5 nm
range. Changes in the oxidation state and in the local disorder are found for differ-
ent applied potentials. The catalyst support, containing W atoms, exhibits a partial
reduction upon the PEMFC activation thus mimicking the catalyst behavior. This
indicates a possible role of the mesoporous matrix in favoring the oxygen reduction
reaction (ORR) and stimulates further research on active catalyst supports [1].
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Nanostructured Titania Photoanodes
for Dye-sensitized Solar Cells:
Optimization of Deposition Techniques
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The development of the dye-sensitized solar cell (DSC) requires optimization of
several materials that are involved in the photoelectrochemical process of the cell.
Among the different steps in the realization of efficient DSCs, it is the control of
the quality, morphology and design of the nanoporous titania layer that is of funda-
mental importance. A highly porous nanocrystalline TiO» film (with a large effective
surface area) is typically optimized in recent designs by a light-scattering layer. The
TiO, film is prepared using the techniques of screen-printing for nanocrystalline and
submicron-crystalline TiO5 film layers as well as a chemical bath deposition for TiCly
treatment [1].

The photon-trapping effect can be induced by the use of a combination of a trans-
parent nanocrystalline TiOs film with a microcrystalline light-scattering layer [2,3],
in conjunction with an anti-reflecting film (ARF) [4] and other techniques [5], thus
enhancing IPCE. The TiCly treatment is usually adopted as pre- and post-treatment
for the TiOy deposition, since the pre-treatment influences positively the bonding
strength between the fluorinated tin oxide (FTO) substrate and the porous TiOq layer,
and blocks the charge recombination between electrons emanating from the FTO and
the I>* ions present in the I /I3* redox couple. The post-treatment enhances the
surface roughness factor and the necking of the TiO, particles, thus augmenting the
dye adsorption; this results in higher photocurrent.

Spectroscopic techniques can be used to monitor IPCE, and 2D photocurrent maps
can be helpful to control the working electrode uniformity that depends strongly on
the deposition techniques.
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Figure 1: Effects of TiO2 optimization. Details of cell preparation: the substrates are 8 /sq
FTO-glass (2 x 2 cm?, Pilkington) cleaned in an ultrasonic bath for 10 min in acetone and
for 5 min in ethanol. 0.5 x 0.5 cm TiO2 films (thickness ~ 15 pm) deposited via blade
coating using Dyesol DSL 18 NR-T TiO2 paste, dried for 5 minutes at 65°C and then
sintered at 525°C for 30 min. After sintering the transparent substrates were soaked in a
0.5 mM N719 (Solaronix) dye solution in ethanol for 15 h, and then rinsed in ethanol. The
counterelectrodes were prepared by brushing a Pt precursor solution (Platisol, Solaronix)
onto the FTO-coated substrates and then annealed at 400°C for 5 minutes. The cells were
completed by sealing together the two electrodes via a 60 pm thick Surlyn gasket. Dyesol
HPE electrolyte was inserted into the cell via vacuum backfilling. The “pre-treated” cells
had the first TiClsy treatment after the cleaning step. The “post-treated” cells had TiCly
treatment after transparent TiO2 sintering step. The pre- and post-treatment is complete
treatment. The scattering layer is deposited after TiCly “post-treatment”. The cells are
measured without masking.
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Percolation in Polymer—Solvent Systems.
A Computer Simulation Study
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The percolation in systems containing long flexible polymer chains with explicit
solvent molecules was investigated in this work. The polymer chains were represented
by linear sequences of lattice points restricted to a two-dimensional triangular lattice.
The Monte Carlo simulations were performed applying the cooperative motion algo-
rithm. The percolation thresholds and the critical exponents of chains and solvent
molecules were determined and the influence of the chain length on the percolation
was discussed. It was shown that the percolation threshold deceased strongly with
the chain length what was closely connected with changes in the chain structure with
the decreasing polymer concentration. The critical exponents for all chains under
consideration and for solvent molecules were found almost constant and close to the

theoretical values.
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We present a detailed study of the structural, electronic, magnetic and ferroelec-
tric properties of prototypical multiferroic systems such as BiFeO3 and orthorombic
HoMnOg [1] using the Heyd-Scuseria-Ernzerhof hybrid functional (HSE) [2]. It has
been shown that the HSE functional enables accurate computations on complex sys-
tems, such as defects, [3,4] and compounds containing strongly localized electrons,
such as d- and f-electrons, [5] where traditional DFT may be inadequate. Further-
more, it gives a very accurate description of optical properties of many insulating
compounds [5].

In this study, by comparing our results with the available experimental data, as
well as with the state-of-the-art GW calculations, we show that the HSE formalism
is able to account well for the relevant properties of these multiferroic compounds.
Furthermore, the correction for the self-interaction error introduced by the exact
exchange makes the formalism very appealing for studying more complex materials
involving f-electrons. Preliminary results are also discussed for DyFeOg. Our conclu-
sions corroborate and complement the emerging evidence of the possibility of pre-
dictive first-principles investigations on multiferroic systems using the HSE hybrid
functional.
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The realization of high quality interfaces in superlattices combining mangan-
ites and high TC superconductors has open the way to the study of the inter-
play between half metallic ferromagnetism and non conventional superconductiv-
ity. The giant magnetoresistance found in these samples along the superconduct-
ing transition may be of interest in the search for new concepts of spintronic de-
vices. In this presentation we will describe the magnetic and transport response of,
Lag.7Cap 3MnO3 / YBayCuzO7 / Lag 7Cap 3sMnOg3 heterostructures. Combined ferro-
magnetic resonance, SQUID magnetometry, polarized neutron reflectivity, and mag-
netic circular dichroism have been used to characterize the magnetic structure. The
hybrids show a resistance switching between high and low resistance states, controlled
by the biaxial anisotropy of the LCMO electrodes which may be useful for complex
oxide-based magnetic memory elements. The high-resistance state appearing when
the magnetic layers are antiparallel aligned can be stabilized in a wide field range
by applying magnetic field along the [110] easy axes direction. We will show that
this property of the F/S/F hybrids displays memory effects which can be used to de-
sign a superconducting memory concept. Both the writing and the reading operation
can be achieved with a high degree of reliability combining the sensitivity of this het-
erostructure to the direction of application of the field and the strong magnetoresistive
response.
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The effect of nano-scale confinement to the properties of molecules entrapped
in porous materials is an interesting field of investigation in various research fields:
biology, geology and material science, just to name a few [1-4].

One of the important questions there is: how the attracting interaction between
the host (porous matrix) and the guest system (the molecule) counterbalances the
confinement effect imposed by the geometrical constraints. The two effects influence
the dynamics of the whole system and thus — manifest themselves in a dipolar relax-
ation process.

An analysis of the characteristics of such a relaxation process in the systems
of molecules embedded in a porous host matrix is performed by a fully atomistic
molecular dynamics simulation.
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Heterostructures created on porous silicon (PS) and surface organic layers of which
the conjugated conducting polymers, including in particular the polyaniline, have been
intensively studied, are of great interest for the development of solar cells, light emit-
ting diodes, sensors, lasers and memory devices [1, 2]. The effect of an integrated
organic component on the molecular spectra and luminescence characteristics of the
PS - polyphenylacetylene (PPA) and PS — fullerene Cgy nanostructures was investi-
gated in the present work.

The PPA and Cg layers on a porous silicon surface were obtained by dip-coating
of a polymer (or fullerene) from a solution in an organic solvent. The structure of the
obtained hybrid layers was studied by FT-IR spectroscopy and atom force microscopy
(AFM). The emissive properties of hybrid layers were examined by photoluminescence
excited by an LGI-21 pulse nitrogen laser (A = 337.1 nm), and cathode luminescence
(CL) at T'= 78 K under excitation by a pulse electron flow with energy E, = 9 keV,
pulse frequency f = 50 Hz and 7, = 3 ps. The current density in the electron beam
j = 150 A/m2. The temperature of CL measurements was 80 K. The PS surface had
a shape of vertical nanorods created due to the etching of separate places of a single
silicon surface. Following a statistical analysis of the AFM-images it was defined that
the pore depth achieved 150-180 nm with a total thickness of the porous layer of
about 5 pm. The dip-coated fullerene and PPA layers obtained on the surface of PS
repeated in general the surface relief forming a continuous polymer layer (Figure 1).

It was found that the existence of an organic component on a PS surface caused
significant changes in the luminescence properties of nanostructures. In particular,
the intensity of CL for the PS-PPA and PS-Cg hybrid layers significantly increased
compared with the CL for PS without a polymer. The peak emission magnitude at
E = 2.22 eV increased by a factor of 1.5 to 2.7 (for PS-PPA and PS-Cg heterostruc-
tures), while in the case of PS-Cgo an additional intensive emission peak appeared at
E=3.2-3.4 V. According to the FT-IR spectroscopy the surface of PS obtained by
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Figure 1: AFM image of surface topology for PS-Cgo (a) and PS-PANI (b) hybrid structures
obtained by dip-coation (a) and electropolymerization (b)

electrochemical treatment of single silicon in an HF alcohol solution contains the dif-
ferent functional groups with the absorption at 2900-3620 cm~! (-OH), 1100 cm ™!,
1240 em~t (Si-O-Si), 1111 em~! (C-0), 1072 ecm~! (CH-OH), 620 cm ™! (Si-Hs)
and others.

In the presence of an organic component (polymer or fullerene) an interaction of
the organic component with porous silicon surfaces took place. The evidence of such
an interaction were the shifts of the Si-O-Si absorption from 1100 and 1240 cm™!
to 1050 and 1250 cm™!, also as the appearance of new bands with the maximums
at 1188 (C-C), 1280 (Ar-OH) and 1770 (C=0) cm~! which may be assigned to the
formation of weak covalent bonds between the polymer or fullerene and the surface of
a semiconductor. Having compared a relative increase in the CL emission heterostruc-
tures it can be assumed that the non-irradiative surface recombination rate decreases
at the PS surface coating with a polymer due to the passivity of the film.

Apparently, this caused an increase in the radiative component of recombination as
well as an increase in the CL intensity. However, further experimental and theoretical
studies turn out to be necessary in order to elucidate the mechanisms of the occurrence
of CL in heterostructures.
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Investigations of magnetic properties of new metal-organic materials should favor
the understanding of the magnetism nature in organic magnets. In the present report
the structure, the temperature dependence of an EPR spectrum and the magnetic
behavior of a metal-organic complex of iron with 2-hydroxy-1-nitrozonaphathalene
Na[Fe(C10HsONO)3] was investigated over the temperature range of 4.2-300 K.

An anionic complex of iron with 2-hydroxy-1-nitrozonaphathalene in the form of
sodium salt was synthesized and characterized as described in [1]. According to IR,
UV-spectroscopy, thermogravimetry and an elemental analysis the molecular formula
of the complex salt Na[Fe(C1oHgONO)3] was confirmed. In this complex the ferric
ion is surrounded by three nitrozonaphthole ligands and connected with nitrogen
and oxygen atoms of each ligand to form pentagonal helat cycle. According to the
X-ray powder diffraction data this complex salt has a low symmetry, its structure
is monoclinic with the following lattice parameters: a = 1.116 nm; b = 0.876 nm;
¢ =0.620 nm; g = 92.4°.

An unusual temperature dependence in the EPR spectrum was manifested in this
substance, being similar to polyaniline and polyparaphenylene doped by Fe3*t [2].
The EPR spectrum is a superposition of two lines with contrasting behavior with the
changing temperature. When the temperature is lowered, the intensity of the first
line increases and the intensity of the second line decreases, hence one line has the
maximum intensity at low (helium) temperatures, the other — at room temperatures.
The first line is a low-temperature (LT) EPR spectrum, the second line — a high
temperature (HT) spectrum. A change in the temperature leads to a redistribution of
the absorption intensities between the LT and HT spectra. This behavior of the EPR
spectrum evidences the unusual dynamics of the molecules surrounding the magnetic
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ion. The presence of this dynamics may cause substantial influence on the various
properties of the metal organic substance.

The preliminary results of investigations of the DC magnetization and AC suscep-
tibility show that this compound exhibits features which are characteristic of a spin-
glass system.
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Self-assembly on Si Substrate

G. Amiard!, I. Berbezier'2 M. Aouassal, L. Favre!,
A. Ronda!, C. Marcus? I. Alonso?

LIM2NP, CNRS — Université d’Aixz Marseille, Campus St Jéréme
Case 142, 183397 Marseille CEDEX 20, France

“isabelle.berbezier@im2np. fr

2JCMAB-CSIC Campus de la UAB, 08193 Barcelona, Spain

In the last decade, a significant progress has been made towards the develop-
ment of new processes for integrating nanostructured materials into novel micro-
and opto-electronic devices. The nanostructures of interest include arrays of clusters,
nanoparticles, quantum dots and wires. For most of the potential applications the
nanostructures must be ordered and highly homogeneous in size in order to exploit
the quantum effects for device applications.

In the first part of the presentation, a review of the recent advances in self-assembly
mechanisms and processes will be given [1]. The paper will particularly address the
mechanisms of formation of highly ordered arrays of Ge quantum dots during the
growth on nano-patterned Si(001) substrates [2,3].

The second part of the paper will be devoted to a new fabrication process of Ge
nanocrystals (NC) embedded in an SiOy amorphous matrix. The two step fabrication
process is based on Ge QD self-assembly on Si(001) substrate nanopatterned by Fo-
cused Ion Beam (FIB). During the first step, FIB direct writing is used to create an
array of ultra-small holes in thin thermal SiO, layer on an Si(001) substrate. New
results obtained with an Orsay Physics FIB apparatus implemented with an in situ
mass filter and allowing high resolution nanopatterning with a gold ion beam will be
presented.
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In this study Mn-Zn ferrite nanoparticles (Mn;_,Zn, FesOy4, z = 0, 0.3, 0.5) were
produced by the chemical co-precipitation method. It is the easiest and the most use-
ful method to produce ferrite nanoparticles in the solution phase. FeoO3 was dissolved
in HCI to obtain Fe?* ions in aqueous solutions. MnCl, 4H,0, and ZnSO,4 THO were
used to obtain Zn?t, Mn?* ions in aqueous solutions. The solutions containing these
ions were mixed in an appropriate molar proportion in distilled water. To prepare Mn-
Zn ferrite nanoparticles the NaOH solution was added to the previous mixture at the
temperature of 80°C. The structure and size of the Mn-Zn ferrite nanoparticles was
characterized using X-ray diffraction (XRD) and Transmission Electron Microscopy
(TEM). It was found that the size of Mn-Zn ferrite nanoparticles decreased with an
increase in the Zn concentration. The magnetic properties of Mn-Zn ferrite nanopar-
ticles were investigated with a vibrational sample magnetometer (VSM) and it was
observed that Mng 7Zng 3Fe;Og3 ferrite nanoparticles had the maximum saturation
magnetization and that the initial susceptibility decreased with an increase in the Zn
concentration.
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Wavefunction-Engineering of Intersubband
THz-Laser Nanoheterointerfaces

E. A. Anagnostakis

Nanotechnology Focus; Alimos, Greece
22 Kalamakiou Ave., GR 174 55 Alimos, Greece
emmanagn@otenet.gr

A novel THz-luminescence LASER nanoheterointerface operational principle of
the intersubband longer-wavelength limit mid-infrared functionality type is designed
on the basis of optically pumped dual resonant tunnelling of conductivity electrons
within an appropriately energetically determined scheme of five subbands hosted by
two communicating asymmetric approximately rectangular quantum wells (QWs).

The upper LASER action level employed is the second excited subband of the
nanostructure back wider QW which is provided with electrons via resonant tunnelling
from the first excited subband of the nanostructure front QW populated through
remotely ignited optical pumping out of the local fundamental subband.

On the other hand, the first excited back QW subband functions as the lower
LASER action level, directly delivering the received electrons to the local fundamental
subband — via fast vertical longitudinal optical phonon scattering, wherefrom they
are recycled back to the nanostructure front QW fundamental subband by virtue of
a second — reverse sense — resonant tunnelling — mediated normal charge transport
mechanism.

The ensuing calculations incorporate the determination of effective dipole lengths
associated with intersubband transitions collaborating or antagonising with one an-
other through the optoelectronic structure, the intersubband transition lifetime engi-
neering thus emerging as a conformal mapping of the original heterosturcture wave-
function-engineering attempted. Furthermore, the determined intersubband transition
(ISBT) effective dipole lengths demonstrate the oscillator strengths supporting dif-
ferent ISBT events, whereas the predicted LASER action population inversion leads
to the device stimulated optical gain.
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Recently, a morphological instability of silicon-on-insulator (SOI) films has been
observed during the processing of devices using ultra-thin SOI films. This instability
leads to the transformation of 2D silicon films into an array of isolated 3D islands. This
transformation results from the surface energy driven phenomenon which drives the
system to reduce the interfacial area due to the high Si-SiO, interfacial energy. The
morphological evolution of the 2D silicon layer has been described in the literature
by a multisteps process including;:

1) the heterogeneous nucleation of voids;
2) the thickening of the dewetted edges;
3)
4)

the extension of the dewetted areas by propagation of wavy “fingers” voids;

the agglomeration of crystalline silicon under the form of droplets by breaking
up the dewetted front.

In this study, we first describe the dynamics of Silicon dewetting as a function
of time, temperature and silicon thickness. SOI samples with Si top layers 8 and
16 nm thick were annealed at temperatures between 700°C and 850°C in an ultra-
high vacuum chamber and observed by AFM, SEM and cross-section TEM. In all
the samples, the dewetted area, the shape of the voids and the distribution, size
and morphology of 3D islands were investigated. The results show that the voids
nucleation occurs randomly on the surface (and not preferentially at the edges of
the samples). The voids have circular shapes with dendritic edges and a denuded
centre zone (absence of islands). There is no material piling up on the edges of the
voids although this agglomeration was expected to be at the origin of the islands
formation in the models (due to capillary instability). This absence of edges thickening
is attributed to the immediate smoothing produced by a large surface diffusion. We
also show that the rate of extension of the dewetted areas is controlled by diffusion
even though holes nucleation continues to occur. A systematic analysis of the droplets
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morphology and orientation evidences a shape transformation during dewetting, where
islands first elongate along the dewetted front and then rotate to adopt the equilibrium
shape of silicon with (111), (113) and (100) facets. This shape transformation is not
accompanied by crystallographic planes rotation and all the 3D islands keep their
initial crystallographic orientation matching the substrate orientation.

In the second part of the study, we develop a two-step process based on a com-
bination of pre-patterning and dewetting to fabricate self-assembled silicon (or ger-
manium) islands. Ultra-thin SOI layers are pre-patterned by e-beam lithography to
create arrays of holes and of lines oriented along the [100] and [110] crystallographic
directions and penetrating up to the oxide layer. When the distance between the pat-
terns matches the size of the islands, a perfect ordering of the Si islands is obtained.
The best result is obtained when arrays of holes are formed along [100] with a 500
nm periodicity. In this situation, only one island is formed between four holes. When
the patterns consist of an array of lines, during annealing the islands first elongate
along the lines and then rotate towards the crystallographic directions. Moreover, the
e-beam pre-patterning of the surface before dewetting dramatically increases the NCs
size and shape homogeneity and allows for a perfect control of the NCs position. This
two-step process has also been used for the formation of periodic arrays of ultra-small
Si and Ge dots for photovoltaic applications.
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In the recent years the growing interest in exploitation of renewable energy has
led the researchers to develop both new materials to achieve higher power conversion
efficiencies and new deposition techniques to achieve the industrialization of these
products.

Great interest has been shown in photovoltaic devices based on organic semicon-
ductors such as 7-conjugated molecules [1-3] due to their solution processability, their
compatibility with plastic substrates and low temperature processes as, for example,
roll-to-roll and ink-jet manufacturing technologies. The principle of bulk heterojunc-
tion solar cells [4-10] (BHJ) based on the spontaneous phase separation between
donor and acceptor materials has become popular leading to the development of high-
performance devices by using a dispersion of [6,6]-phenyl Cg;-butyric acid methyl ester
(PCBM) as the acceptor material within regioregular poly(3-hexylthiophene) [6].

A wide range of parameters such as the film structure at the nanoscale level and the
interface phenomena must be carefully controlled to obtain high quality BHJ devices
from solution casting. The most important aspects are the evaporation kinetic of the
solvent, the deposition temperature and the environmental conditions. These factors
determine the mobility of charge carriers in the active material and the degree of
interpenetration of the phase-separated domains.

We report here a systematic study on the structure-function relationship of BHJ
solar cells depending on several experimental parameters such as the solvent and the
thermal annealing procedure adopted. We have also demonstrated that the interface
between the donor (i.e. polymer) and acceptor (i.e. PCBM) phases depends on the
deposition technique used; for example, we have found how the dip-coating technique
results in ordered surface lamellar domains (Figure 1) which leads to a power conver-
sion efficiency of 3.6%.

In conclusion, we have investigated the role of the solution casting techniques as
methods for production of polymeric BHJ solar cells. A combination of this class of
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Figure 1: SEM image of a thin layer of a PSHT/PCBM blend deposited by the dip-coating
technique

materials with the optimization of the processing methods should lead to the devel-
opment of integrated technologies that could bring an opportunity of producing high
efficiency photovoltaic devices on an industrial scale.
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In terms of response, signal linearity impedance measurements may be classified
as two sorts: linear and nonlinear methods. Usually it is only linear measurements
that are performed and it is a small amplitude excitation that is employed to guar-
antee linearity. A large excitation may cause nonlinearities. It is a good assumption
for conventional systems where there are no intrinsic nonlinearities and nonstationary
processes. For more complicated situations nonlinear (and nonstationary) impedances
may contain more complete information than the conventional impedance. Unfortu-
nately, due to the lack of established methods of analysis and appropriate software
such measurements are rather uncommon.

Some copper oxide glasses exhibit mixed electronic-ionic conductivity [1]. Elec-
tronic conduction occurs by small polaron hopping between Cut and Cu?* ions. On
the other hand, the movement of Cu™ ions is responsible for ionic conductivity. Such
a situation implies nonlinearities: the movements of ions change the distribution of
the hopping centers while the polaron hopping process influences the concentration
of mobile Cu™ ions. Both processes modify each other in a complicated way and the
impedance should not be considered linear any more.

One member of the family of glasses containing copper oxide is the CusO-Al;O3—
SiOs glass. The aim of the present study was to find more clues on the possible inter-
action between electronic and ionic conductivity in the 12.5Cu;0-12.5A15,03-755104
(in mol %) glass by means of nonlinear impedance spectroscopy. The obtained results
show that a large nonlinearity in the impedance signal is observed at moderate electric
fields of an order of 1 V/mm. The contents of the third harmonics reach about 10%
and strongly depends on the temperature and frequency.
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Glasses containing a large amount of transition metal oxides exhibit electronic
conductivity. Their electrical properties are determined by the presence of transition
metal ions in two different valence states and the conductivity is described by a mech-
anism of small polaron hopping between such ions. When alkali ions are introduced,
mixed electronicionic conductivity phenomena are observed in these glasses. Ionic
conduction generally depends on the alkali concentration and carrier ions mobility.
Assuming that the motions of alkali ions and polarons are independent one may expect
that the electrical conductivity should increase with an increase in the alkali content.
However, real transition metal oxide glasses containing alkali show very various types
of electrical behavior ranging from strong anomalies in conductivity of several orders
of magnitude at certain amounts of alkali ions to conductivity that is only very little
dependent on the alkali content [1].

The aim of the present work is to investigate the AC and DC conductivity in
50V205—(50 — 2)PoO5—2A450 (A = Li, Na, K) systems as a function of temperature
and composition. The measurements were carried out in the frequency range from 10*
to 107 Hz. For all compositions, the DC conductivity measured at room temperature
decreased with the increasing alkali ion content. The decrease in conductivity was
larger for heavier alkali ions and reached more than four orders of magnitude in the
case of glass containing 40 mol % of NapO. The AC conductivity exhibited universal
dynamic response described as Jonscher’s power law: oac = Aw,(r)-

For glasses containing less than 10 mol % of alkaline ions, the temperature de-
pendence of the exponent s(7T') was typical as for electronic conducting glasses and
decreased from a value near to unity at low temperatures (153 K) to 0.5 at 423 K. In
the mixed electronicionic regime observed in glasses containing 20, 30 and 40 mol %
NayO or K50 only small variation (from 0.99 to 0.95) of s(T") was observed. An al-
most linear dependence of the AC conductivity corresponded to a nearly frequency
independent dielectric loss. This behavior is known as nearly constant loss (NCL)
regime and was observed in some ionic conducting glasses at low temperatures and
high frequencies [2]. We have found that in mixed electronic ionic conducting glasses
the NCL behavior can be observed in a very wide range of temperature and frequency.
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New amorphous alloys on the basis of aluminium, Alg;GdsNig and Algy GdsNiyFey,
were studied in this work. These alloys were synthesized at the Institute of Metal
Physics of the National Academy of Sciences of Ukraine (Kiev) for current research
purposes and for further practical applications, in particular. The aim of this work was
to study the corrosive properties of AMA and to determine the relationship between
the composition of AMA and the semiconducting properties of protective layers on
the surface of alloys. In order to accomplish this aim a complex of physico-chemical
methods, namely the potentiometry, voltammetry, electrochemical impedance spec-
troscopy and electronic microscopy were used.

The passivation of aluminium alloys is set by a dense oxide layer which forms on
their surface and terminates further corrosion. The introduction of different doped ad-
ditives to a composition of Al-based AMA upgrades the corrosion properties of these
materials and changes the type of conduction (hole or electron) of the oxide coating
which has perspective application significance. The redox processes of AlgyGdsNig
and Alg;Gd;NiyFey were studied by the cyclic voltammetry method in a 0.1 M NaCl
aqueous solution. It was determined that the partial replacement of nickel (4 at. %)
by iron led to a decrease in the corrosion current and to an increase in the polar-
ization resistance which pointed to a higher corrosion resistance of AlgyGdsNisFey.
The formation of oxide passivation layers on the AMA-electrodes was studied by the
electrochemical impedance spectroscopy method in the 0.1 M NaCl aqueous solution.
The choice of the impedance model for the formation of an oxide (AMA) | 0.1 M NaCl
(aq.) and AMA | 0,1 M NaCl (aq.) phase boundary was carried out. It was determined
that active diffusion reactions which could be described by the Warburg element pro-
ceeded on the porous oxide (Alg;GdsNigFes AMA) | 0.1 M NaCl (aq.) boundary. The
Mott-Schottky relationships were plotted and the semiconductor nature of the formed
oxide coatings was determined on the basis of the impedance measurements. It was
shown that the addition of iron to the alloys composition changed their conductivity
from the p- to n-type. The determination of the semiconductor type which forms on
the Al-based amorphous alloys surface, offers a scope for the programming adsorption
of bioactive compounds that is an important medical-biological problem today.
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Low Toxicity and Decreased Proliferation
of Human Cancer Cell Lines
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Buckypaper, an innovative material with interesting prospects in pharmacology
and prosthetics is studied in terms of its effects on cancer and primary cell lines
in vitro. It is shown that it induces a decrease in the proliferation of human colorectal,
breast and leukemic cancer cell lines, having, at the same time, no effect on the prolif-
eration and viability of normal human arterial smooth muscle cells and human dermal
fibroblasts. Taking into account the precautions needed when carbon nanotubes are
injected into human body for drug delivery, as well as in medical diagnostics, or as
the basic material for prosthetic applications, and given the structural resemblance
of buckypaper to asbestos, whose toxicity has been linked to cancer, we assessed the
buckypaper toxicity, both in vitro and in vive. On laboratory rats, buckypaper in-
duces a moderate inflammatory reaction but has no mutagenic effects. The animals,
after buckypaper implantation, showed an inflammatory reaction followed in the next
two weeks by the cicatrisation reaction with the organization and the fibrosis of the
scar. The results obtained show low buckypaper toxicity both in vitro and in vivo.
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Composite materials are material systems that consist of a discrete constituent
(reinforcement) distributed in a continuous phase (matrix) and that derive their dis-
tinguishing characteristics from the properties and behaviour of their constituents.

Most composite coatings contain micron-sized particles. The major challenges with
the codeposition of second phase particles are the nano-sized particles co-deposition,
the achievement of a high level of codeposition and avoiding an agglomeration of
particles suspended in electrolytes. The homogeneously poor distribution of second
phase particles in a metallic matrix can be detrimental to the all properties.

This work shows the most recent results regarding the influence of CeOs bioce-
ramic dispersed in a cobalt matrix during an electroplating process on the surface
morphology and corrosion behaviour of the nanocomposite coatings obtained.

Recent studies indicate that cerium oxide particles can function as biological an-
tioxidants due to their ability to switch between different oxidation states. Cobalt and

Figure 1: Left panel: SEM surface morphology of pure cobalt electroplating obtained at
23 mA/cm? (x2000); right panel: SEM surface morphology of CeOs/Co nanocomposite
coatings obtained at 23 mA /em? (x2000)
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its alloys are already used as metallic implants in medicine, dental implants, surgical
implants, bone regeneration / replacement. The aim of our work is to obtain CeOy/Co
nanocomposite coatings by an electroplating process with improved properties com-
pared to pure cobalt.

Pure cobalt and CeO2/Co nanocomposite coatings were electrochemically de-
posited from a sulphate — chloride electrolytic bath. The mean diameter of CeO,
dispersed particles was 20 nm. The CeOs nanoparticles could be electrocodeposited
with cobalt to obtain composite coatings. The surface morphology of nanocomposite
coatings had a fine and uniform surface structure.

CeO5 had influence on the structure and properties of the Co matrix which was
due to the amount of CeOy embedded in the matrix.

CeOs particles in the Co matrix decrease by increasing the current densities used
for electrocodeposition.
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Bacteria adhesion is a very complicated process affected by many factors: bacte-
rial/material properties and environment. The effect of these parameters on bacterial
adhesion can be evaluated by surface modification. A rigorous study of the effects of
surface chemistry/topography on bacterial adhesion and protein adsorption requires
a model system that would allow precise control of the type and configuration of
functional groups at the substrate surface under dynamic conditions. Regarding the
environment it was observed that bacterial concentration versus the time of exposure
increased with the increasing bacterial concentration and time, up to a saturation
level, specific for each type of the surface-bacterial strain. The concentration of elec-
trolytes, CO2, pH and ionic strength depend on bacteria and material surface char-
acteristics. Accordingly the presence of antibiotics decreases depending on bacterial
susceptibility and antibiotics concentrations. All these factors may influence bacterial
adhesion by either changing the physical interactions in phase one of adhesion, or by
changing the surface characteristics of bacteria or materials. The bacterial character-
istics influence also the biofilm formation and growth. Hydrophobic bacteria prefer
hydrophobic material surfaces. The Materials Characteristics and Chemistry of sur-
faces are the most important factors in bacterial adhesion and biofilm growth. Cells
initially attach by physico-chemical interactions or extracellular matrix protein secre-
tion to form a cell monolayer in which cells express pili and have a twitching motility
and/or the ability to undergo chemotaxis. Cells proliferate in the monolayer and other
microbes [attach to this monolayer. to form an active biofilm, the development and
distortion of which is influenced by environmental factors such as hydrodynamic and
mechanical stress. Cells in a mature biofilm are motile and undergo chemotaxis which
leads to the spreading of biomass and an increased horizontal gene transfer rate.
As cells die, active bioconversion and/or biodegradation lead to a solute transfer to
or from the bulk liquid which results in eventual biofilm detachment. The work was
focussed on performing surface modification studies by co-deposition of dispersed par-
ticles with metals in order to observe the influence of the materials structure (nano-
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and micro-structured coatings prepared) on the bacteria cells (Sulphate Reducing
Bacteria) attachment. Sessile bacteria on coupons were stained with 4, 6-diamidino-
2-phenylindol (DAPI) and visualized by EFM as well as AFM. In order to complete
the investigations of the properties of SiC-nickel nanostructured coatings the samples
were also tested for biological marine corrosion in the presence of SRB. The solution
test was natural marine seawater enriched with very aggressive sulphate reducing bac-
teria. These types of bacteria are well known as very corrosive for metals in natural
seawater. Epifluorescence microscopy (EFM) imaging of a DAPI — stained biofilm
sample of SRB on the surface of nickel and SiC/Ni nano composite coatings obtained
are presented in Figures 1-2.

Figure 1: Fluorescence microscope image of SRB on pure nickel surface obtained at a current
density of 4 A/dm?, 60 min

Figure 2: Fluorescence microscope image of SRB on SiC/Ni nano composite coatings surface
obtained at a current density of 4 A/dm?, 60 min
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Within the field of organic bulk heterojunction solar cells, the morphology of the
active layer has a key role in obtaining high power conversion efficiencies. It has been
shown that P3HT (poly(3-hexylthiophene)) nanofibers, obtained in highly concen-
trated solutions, are able to give improved morphologies directly upon deposition [1,2].
In this work, P3AT’s (poly(3-alkylthiophene)) with side chains ranging from 4 carbon
atoms to 9 carbon atoms (further denoted as P34T to P39T) were used as the electron
donor material in polymer:PCBM bulk heterojunction solar cells. For each material,
nanofibers in highly concentrated solutions were prepared according to [3].

For P36T, it has been shown that the photovoltaic performance of the fiber solar
cells depends on the fiber content (= fiber part of the P3AT fraction) in the casting
solution [1,2]. Here, the fiber content was varied by changing the temperature of
the casting solution [4]. By increasing the solution temperature, the fiber content
decreased. In this way, an optimization of the photovoltaic performance was obtained
easily for each P3AT. When comparing the P3AT’s with the different side chains, the
widely used P36T still gave the best photovoltaic performance (about 3.2%) after this
optimization (Figure 1).
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Figure 1: Efficiencies obtained from nanofiber-P3AT:PCBM solar cells, the side chain length
of the nanofiber-P3AT ranged from 4 to 9 carbon atoms
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Figure 2: BFTEM images of the polymer:PCBM active layers (the dark regions represent
PCBM)

Transmission Electron Microscopy (TEM) was used to study the active layer mor-
phology. Not only the fiber content, but also the dissolution of PCBM appeared to be
a crucial part in the fabrication of good devices. Bright Field TEM images show that
at low solution temperatures (Figure 2, left), PCBM grouped into large (> 50 pm)
needles for P36T and into circular chunks (~ 0.5 ym) for P38T.

The optimal performance of the photovoltaic devices was found at slightly higher
temperatures where, on the one hand, PCBM was dissolved properly to give a more
homogeneous mixture with the polymers (Figure 2, right), and on the other hand,
the fiber content in the solution was high enough to provide beneficial charge transfer
properties.
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Extensive classical Molecular Dynamics simulations of tensile strength of single-
walled carbon nanotubes have been performed using the AIREBO force field. About
230 nanotubes of radii from 2.1 A ((0,5) nanotube) to 13.3 A ((20,20) nanotube)
have been simulated systematically and the dependence of their tensile strength and
stiffness moduli on the nanotube’s radius has been determined. It turns out that (n,n)
nanotubes are more mechanically resistant that (n,0) nanotubes.
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Two nanocrystalline samples (TiC, 4 SiC)/C were prepared by the non-hydrolytic
sol-gel method. The second sample was subjected to additional annealing at high
temperature. The XRD measurements showed the presence of aggregates of cubic
SiC+TiC nanoparticles (10 to 30 nm in size). In both samples a very narrow electron
paramagnetic resonance (EPR) line arising from magnetic localized centers was cen-
tered at geg of about 2 (the differences in the resonance fields of both samples were
0.6 Gs). At T = 130 K linewidths AHp, = 1.41(2) Gs and AHp, = 2.92(2) Gs were
registered for a sample without and with thermal annealing, respectively. For the non-
annealed sample the resonance line could be fitted by the Lorentzian line in a higher
temperature region and by a Dysonian line below 70 K which suggested an essential
change in the electrical conductivity. For the annealed sample the resonance line-
shape was Dysonian in the whole investigated temperature range. Thus, the thermal
annealing process could improve significantly the transport properties. An analysis of
the temperature dependence of the EPR parameters (g-factor, linewidth, integrated
intensity) showed that the thermal annealing processes essentially influenced the re-
orientation processes of the localized magnetic centers.
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