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LECTURES





L01

Design and modelling of mechanical and thermal

responses of novel auxetic honeycomb cores

for structural composites

A. Alderson1, K. L. Alderson1, N. Ravirala2

1Institute for Materials Research and Innovation, University of Bolton
Deane Road, Bolton BL3 5AB, UK

2Saipem Ltd.
Saipem House, Motspur Park, Surrey KT3 6JJ, UK

We have recently reported an extended range of auxetic (negative Poisson’s ratio)
cylinder-ligament honeycombs, including their in-plane and out-of-plane mechanical
properties [1,2]. In this paper we will report modeling predictions of the thermal
response of selected auxetic cylinder-ligament honeycombs, and also on the mechan-
ical and thermal response of alternative ‘arrowhead’ auxetic honeycombs and hybrid
cylinder-ligament-arrowhead honeycombs. Gradient systems (topology and proper-
ties) will also be presented.
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The manufacture and characterisation

of auxetic gradient materials
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In order to exploit the property enhancements which arise as a result of auxetic
behaviour, it is often desired that the materials produced display a combination of
auxetic and conventional behaviour. This paper will report on the methods of pro-
ducing such gradient structures in a range of auxetic materials. The characterisation
of these materials will be discussed along with applications which require tailored
Poisson’s ratio and moduli.
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Intraglobular structures in solutions

of multiblock copolymers

M. Banaszak, K. Lewandowski
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Multiblock copolymer chains in implicit, nonselective solvents are studied by the
Monte Carlo method, employing a parallel tempering algorithm. By varying both the
reduced temperature and the compatibility between monomers, numerous intraglob-
ular structures were obtained: diclusters (handshake, spiral, torus with core, etc.),
triclusters, and n-clusters with n > 3 (lamellar and other), which are reminiscent of
the block copolymer nanophases for spherically confined geometries. Phase diagrams
were mapped for various chains. The structure factor was calculated for the selected
microarchitectures. Self-assembly in those systems was interpreted in terms of com-
petition between the minimization of the interfacial area separating different types of
monomers and between the minimization of contacts between chain and solvent. The
relevance of this model to protein folding is also discussed.
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Multiscale simulations

of nanostructured materials and devices

J. Bernholc
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Recent advances in multiscale methods and high performance computing allow for
reliable first-principles predictions of complex nanostructured materials, device prop-
erties and even chemical and biological processes. This talk will discuss three topics:
(i) novel energy storage mechanisms in ferroelectric polymers that enable ultrafast
capacitors with very high power densities, (ii) molecular and nanoscale electronics,
focusing on molecular-scale devices with negative differential resistance; and (iii) sim-
ulations of solvated biomolecules and of the role of transition metal atoms in biological
processes and diseases.
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Model cubic solids with auxetic behaviour
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In general, the Poisson’s ratio (PR) depends both on the choice of the direction
of the applied stretching and the transverse direction, and materials are classified as
nonauxetic, partially auxetic, or auxetic to reflect different extents of auxetic response.
Materials with negative Poisson’s ratio in all directions (‘auxetics’) or materials pos-
sessing large PR values may have many potential applications, but they are rare in
nature and their design and manufacture remains a non-trivial task.
Considerable progress in understanding auxetic behaviour has been made for ma-

terials with cubic symmetry. The aim of the presentation is to communicate recently
obtained results on auxeticity for this important class of materials [1,2].
During the talk, the global maximum and global minimum Poisson’s ratio sur-

faces, regions of different auxetic behaviour and the domains of the different extreme
directions of cubic materials will be shown and discussed in terms of the elastic moduli
ratios, X =G/K, Y =G/W , where K is the bulk modulus and G, W are the shear
moduli. The crucial role of positive and negative pressure, P , in obtaining desired
auxetic behaviour will be demonstrated.
A considerable problem in designing auxetic materials is a lack of sufficient knowl-

edge on the connection between auxeticity and the form of the interaction between
constituent objects or particles. As a step in this direction, we have investigated solids
composed of spherically-symmetric particles from the point of view of their elastic
properties and mechanical stability. Microscopic mechanisms which tune the cubic
system to targeted different auxetic regions in the XY -plane were investigated with
model solids of particles interacting via different pairwise potentials (the Lennard-
Jones, the inverse-power and the tethered particle potentials). Examples of interac-
tions and thermodynamic conditions which allow a negative Poisson’s ratio to be
achieved in any direction or lead to a large directional Poisson’s ratio have been
identified. The main results of these microscopic studies will be presented.
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Inorganic crystalline nanowires

with the growth and form of polymer molecules
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We are interested in determining if (and how) the topological properties of poly-
mers can be conferred to crystals.
Much of the utility of polymer molecules comes from their unique topological

properties (e.g. viscoelasticity, folding, reptation), which are a consequence of the
mechanical properties of the backbone (e.g. low activation energy for rotation around
single C-C bonds), and of its growth mechanism (polymerization).
We postulate that if crystals could be engineered to grow by a process kinetically

similar to polymerization, they would start displaying some of the useful topological
properties of polymers (e.g. globular conformation in solution), thus opening the way
to a new class of inorganic materials.
The growth of both polymers and crystals proceeds via two general types of pro-

cesses: (1) addition of molecules or atoms to a growing polymer or crystal facet;
(2) coupling of two polymers or crystals to form a larger entity. Despite these similar-
ities, the studies of the growth of crystals and of polymers have progressed indepen-
dently of one another. Analogies between the growth of crystals and polymers have
been postulated but not established.
We report on the growth kinetic of ultrathin (< 2 nm) Bi2S3 nanowires in solution.

By combining light scattering measurements with absorption spectroscopy we are able
to determine the following: (1) the length of the nanowires increases by 3 orders of
magnitude in the first two hours of growth; (2) the number of nanowires decreases by
2 orders of magnitude during the same timeframe; (3) the thickness of the nanowires
remains unchanged. These data are well described with a simple kinetic model that
comprises only two mechanisms: an epitaxial growth (addition of monomer) and an
attachment mechanism (end-to-end coupling). We determine the rate constants for
both mechanisms and we compare this model to other competing models which include
other mechanisms such as secondary nucleation, termination, fragmentation.
The morphology which results from this polymerization-like kinetic is analogous to

that of semi-flexible polymers: it is well described as a worm-like chain characterized
by a Kuhn length b of 35 nm (similar to that of double-stranded DNA) and contour
length L of up to several hundred microns (longer than most synthetic polymers).
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Dispersion characteristics and auxetic properties

of strained graphene

S. V. Dmitriev
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The dispersion characteristics of strained graphene were studied by molecular dy-
namics, using many-body interatomic potentials. We determined the following: (i) bor-
ders of the structural stability of flat graphene in three-dimensional space of the strain
components εxx, εyy, εxy); (ii) elastic properties of strained graphene; (iii) sound ve-
locities of strained graphene; (iv) phonon density of states (DOS) of strained graphene.
The border of structural stability of flat graphene is also presented in the space of
components of normal and shear membrane forces (Tx, Ty, Txy). We find that flat
graphene is structurally stable under elastic strain up to 0.3–0.4, but it becomes un-
stable to shear strain in the absence of tensile components of strain. Also, graphene
cannot remain flat under compressive membrane forces because its bending stiffness
vanishes. We employed molecular dynamics simulations to study the post-critical be-
havior of graphene. We demonstrate that ripples with controllable amplitude and
orientation can be generated under simultaneous action of shear and tensile mem-
brane forces. Gaps in the phonon DOS are observed when graphene is strained close
to the appearance of ripples. Sound velocities of unstrained graphene do not depend on
the propagation direction but application of strain makes graphene anisotropic. One
of the sound velocities vanishes at the border of the structural stability of graphene
meaning that vanishing of sound velocity (or corresponding elastic constant) predicts
impending instability. In a wide region of strain space graphene possesses auxetic
properties. A particularly interesting case is loading by negative hydrostatic pressure
(tension) when graphene remains an isotropic elastic body, but, for sufficiently large
pressure, it becomes auxetic, in line with theoretical prediction by Wojciechowski.

25



L08

Influence of pH on the filling of porous sodium

borosilicate glasses with magnetic nanoparticles

of Ni/C and Fe3O4 dispersed in aqueous solution
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The insertion process of carbon-coated fcc nickel (Ni/C) nanoparticles and Fe3O4
nanoparticles into the pores of sodium borosilicate porous glass in aqueous solutions
was investigated both theoretically and experimentally. The surface electrical charge
that a magnetic nanoparticle acquired in aqueous solution was a function of pH. In
this case, the pH value corresponding to the point of zero charge (PZC) becomes an
important insertion parameter. As-synthesized porous glasses revealed weak super-
paramagnetic properties due to the presence of ferromagnetic particles, which were
adsorbed at the pores in the preparatory stage [1]. The glass also acquired charge in
aqueous solution, which is one of the main obstacles to the introduction of Ni/C or
Fe3O4 nanoparticles into the pores, from water solution. Therefore, apart from the
chemical cleaning of the porous glass surface and placing the magnetic nanoparticle
suspension in an ultrasonic generator, it is necessary to choose an aqueous solution
with proper pH. X-band ferromagnetic resonance (FMR) spectroscopy and static mag-
netic susceptibility measurements of the nanoparticles embedded in the porous glass
matrix were performed in order to determine the degree of filling of the pores with
magnetic nanoparticles.
A theoretical model for the incorporation of magnetic nanoparticles into the porous

glass was constructed. The model was based on the Langevin equation of motion for
magnetic nanoparticles at a given pH value.
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Spin Hall effect in two-dimensional systems

with Rashba spin-orbit interaction
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An important feature of low dimensional systems, like two dimensional electron
gas and graphene, is relatively long spin phase coherence length [1,2]. This makes
such systems very promising materials for future applications in spintronics devices.
However, one needs an effective method of spin current generation. One method of
reaching this objective relies on spin injection from an external source of spin polarized
carriers – e.g. from ferromagnetic contacts. However, the efficiency of this is rather
low. Another option relies on the spin Hall effect due to spin-orbit interaction – ei-
ther intrinsic or extrinsic [3–6]. A dominant spin-orbit interaction in two-dimensional
systems is usually Rashba coupling. This coupling has an additional advantage over
other spin-orbit interactions – its magnitude can be controlled and tuned by an ex-
ternal gate. Spin current generation in graphene and two dimensional electron gas
via the spin Hall effect will be considered theoretically. Both intrinsic (topological)
and extrinsic (due to impurities) contributions will be analyzed. Moreover, we will
also consider the possibility of spin current generation due to some thermoelectric
phenomena. Our theoretical considerations are based on the linear response theory
(Kubo formalism) formulated in terms of the relevant Green functions.
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Carbon nanotubes and negative compressibility
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Carbon nanotubes received a lot of attention in the last two decades due to their
exceptional mechanical, thermal and electrical properties [1]. For example, carbon
nanotubes have very high Young’s moduli (values higher than 1000 GPa have been
measured [2]) and can also exhibit negative Poisson’s ratios [3]. In this study we show
through the use of molecular modelling that carbon nanotubes have also the potential
of exhibiting negative linear compressibility, a property, which was found to be de-
pendent on the type of carbon nanotube (armchair, zig-zag, and chiral) as well as on
the diameter of the carbon nanotube. This anomalous linear negative compressibility
behavior may be explained in terms of the large differences between the axial and ra-
dial Young’s moduli of the carbon nanotubes as well as their Poisson’s ratios. All this
is very significant as it highlights another important property of carbon nanotubes,
a property which increases the domain where carbon nanotubes may be employed,
given the unique properties exhibited by negative compressibility materials [4].
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Recent developments in materials and structures

exhibiting negative behaviour
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Recent developments made by the University of Malta group on materials and
structures exhibiting anomalous thermo-mechanical behaviour including negative
and/or zero Poisson’s ratio, negative thermal expansion and/or negative compress-
ibility are presented and discussed. These developments include the development of
new and/or improved models for cellular structures such as auxetic foams and the
development and/or discovery of systems and materials which exhibit negative com-
pressibility.
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From ‘nanoions’ to functional nanomaterials
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Nanoscopic objects stabilized with charged organics exhibit properties fundamen-
tally different from either molecular or macromoleculer ions, and can combine ionic-
like properties with electronic and ionic conductivity and/or photoexcitability. By
careful control of electrostatic interactions, ‘nanoions’ of various shapes and material
compositions can be assembled into functional nanomaterials including 3D supracrys-
tals, ‘layered’ crystals, or extended films. Depending on the properties of the charged
organics, these nanomaterials can act as chemical amplifiers, photoconductors and in-
verse photoconductors, or batteries. In my lecture I will discuss both the fundamental
aspects of nanoscale electrostatics and electrodynamics, as well as the practical ap-
plications of ‘nanoions’ in chemical sensing and amplification, electronics, and energy
storage.

References
[1] A. M. Kalsin, M. Fialkowski, M. Paszewski, S. K. Smoukov, K. J. M. Bishop, B. A. Grzy-
bowski, Electrostatic self-assembly of binary nanoparticle crystals with a diamond lattice,
Science 312, 420 (2006)

[2] H. Nakanishi, K. J. M. Bishop, B. Kowalczyk, E. A. Weiss, A. Nitzan, K. V. Tretiakov,
M. M. Apodaca, R. Klajn, J. F. Stoddart, B. A. Grzybowski, Photoconductance and
inverse photoconductance in films of functionalized metal nanoparticles, Nature 460, 371–
375 (2009)

30



L13

Temperature dependence of EPR spectra

of modified nanocrystalline TiO2 samples
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Two samples of TiO2, calcined at 500
◦C, were prepared without and with water

rinsing. Their magnetic resonance spectra were studied in the 4–300 K range and the
presence of different magnetic centers was recorded. In the high temperatures range
magnetic clusters of a correlated spin system were observed for a sample obtained
without rinsing with water in contrast to a previously studied sample calcined at lower
temperatures [1]. The EPR spectra of oxygen radicals and of titanium ions in a lower
oxidation state were recorded in both samples (Figure 1). The sample subjected to
water rising showed an increased concentration of trivalent titanium ions arising from
the disappearance of a correlated spin system. Additionally, the relaxation processes in
both samples were different. The photocatalytic properties under UV-VIS irradiation
of the both studied samples showed an opposite effect than for samples calcined at
lower temperatures [1].

Figure 1: EPR spectrum of TiO2 at 3.5 K
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Colloidal nanoparticles and nanostructures
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Nanostructured materials have attracted intense research interest in recent years
since they provide the critical building blocks for nanoscience and nanotechnology and
exhibit new and enhanced properties distinguishable from bulk material behaviour.
In the nanoscale regime, physical parameters like ε0, µ0, ̺, etc., normally defined as
constants describing bulk material properties, become size dependent. In short, by
tuning the size and shape of nanoscale materials new materials are produced.
For the design of novel nanostructured particles, which could be applicable for

e.g. biomedical science, spintronics, or plasmonics, a technique is needed for prepar-
ing monodisperse particles, whose properties can be adjusted for desired applica-
tions by size- and shape-controlling synthesis parameters, doping, and/or surface-
functionalization. Different methods have been investigated in the past to obtain
small particles with desired properties. These approaches typically exploit either “top-
down” design techniques, involving, for example, ball milling of bulk materials, or
“bottom-up” design techniques, that rely on cluster or nanoparticle growth from pre-
cursors in gaseous or liquid phases. The latter methodology, also referred to as the
wet chemical synthesis of inorganic colloidal particle fluids, is the most elegant from
a chemist’s point of view, and the focus of this presentation.
This Talk aims to present recent advances in the design of magnetic particles

for applications in biomedicine and spintronics, i.e. streptavidin coated iron oxide
nanoparticles (surface functionalization) and zinc oxide nanorods doped with cobalt
and aluminum as diluted magnetic semiconductors (shape controlling, doping), re-
spectively.
Furthermore, if time allows, plasmonic interactions between colloidal nanoparti-

cles and nanostructured substrates, the latter prepared by use of submicron organic
colloidal particles deposited as a lithographical mask on diverse substrates followed
by metal evaporation and removal of the organic mask, will be presented.
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in novel Si devices
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Theory and recent experimental data show that bistable mechanisms can be con-
strained to make useof their inherent negative stiffness behavior [1]. It is also known
that embedding negative stiffness inclusions in a viscoelastic matrix results in overall
stiffness and loss properties of the composite that exceed values attainable by combin-
ing conventional (positive stiffness) materials [2,3]. The ability to engineer microscale
inclusions displaying negative stiffness is therefore of significant interest for the con-
trol of vibroacoustic energy. This work presents the results of analytical and finite
element (FE) studies on several candidate constrained bistable structures that rely
on thermal expansion mismatches to produce negative stiffness behavior. It consid-
ers the effect of inclusion structure, composition, orientation, and volume fraction on
the overall material response using a hierarchical materials design process. First, the
mechanical behavior of simple bistable structures is analyzed using analytical models
to benchmark FE simulations. FE simulations are then employed to characterize the
effective stiffness properties of inclusions with more complex microstructures that can
be produced using specialized fabrication techniques. Finally, both strain energy FE
homogenization and analytical effective medium models are employed to predict the
overall response of composites containing low volume fractions of constrained nega-
tive stiffness elements. The overall viscoelastic response is compared with established
complex bounds and a sensitivity analysis of inclusion parameters on the overall me-
chanical behavior is performed and discussed.
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Dynamics of nanocars and molecular rotors

on surfaces: what are fundamental mechanisms?
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Artificial molecular motors, known as nanocars, and molecular rotors have at-
tracted attention as potential candidates to develop new devices and materials with
tailored and controlled properties. However, fundamental mechanisms of motion of
these molecules at the single-molecule level are still not well understood. Experimen-
tal studies on these nanoscale objects suggest complex dynamics that depend on many
factors.
We have developed a theoretical approach that combines molecular dynamics simu-

lations and simple phenomenological models to investigate what factors control mech-
anisms of nanocars and molecular rotors bound to metallic surfaces. Our analysis
suggests that rotational and translational dynamics is determined by the size of the
molecules, by the symmetry of the surfaces and the molecules, and by interactions
with the surfaces. Our theoretical predictions not only allow us to explain current ex-
perimental observations, but also suggest specific experimental tests on mechanisms
and dynamics.
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Room-temperature ionic liquids (RTILs), owing to their unique properties, have
recently attracted much attention in various fields and found numerous industrial
applications, ranging from lubricants to energy storage devices. RTILs have a wide
electrochemical window and are almost non-volatile, which makes them a promising
“green” alternative to conventional electrolytes.
On the other hand, recent advances in the fabrication of porous carbon-based

materials have stimulated the development of electric double-layer capacitors (EDLCs,
or supercapacitors) with nano- and subnano-porous carbon electrodes. Being porous,
these supercapacitors make use of the high surface-to-volume ratio, and thus increase
the stored energy-density significantly.
The utilization of the RTILs in nano-porous EDLCs seems to be an important

breakthrough in the sustainable energy-storage technology. In this lecture we present
a brief and concise overview of recent developments in this research area. Particular
emphasis will be given to the underlying physical phenomena, while current and
potential applications will also be discussed, and certain open questions will be pointed
out.
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We propose a new definition of a dipole glass parameter for ferro-antiferroelectric
solid mixtures, which is constructed on the basis of the nearest-neighbor pair correla-
tion functions of the interacting dipole moments. Our theoretical approach takes into
account the competition between the ferroelectric and antiferroelectric coupling, and
microscopically calculates the correlation functions.
It was shown that in the investigated system, at low temperatures and for inter-

mediate concentrations, due to the frustration of the system, the long-range ordering
disappeared and only the short-range correlations between the neighboring dipole
particles were present. These correlations were characterized by a non-stochastic dis-
tribution. The dipole-glass phase appeared. The behavior of the dipole glass parameter
and the physical properties of solid mixtures are calculated and discussed.
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Thermoelectricity in single molecular junctions

S. P. Kruchinin, V. N. Ermakov
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The study of charge transport in molecules is of fundamental interest owing to the
potential applications in molecular electronics. Scanning Tunnelling Microsopy (STM)
was employed to study the thermoelectric phenomena in molecular nanosystems [1].
The concept of resonant tunneling has been used to elucidate the thermoelectrical
phenomenon in molecular junctions [2].
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Quantum nonlinear oscillators are very often used as the basis for nanoscience
models. Some of them are very promising from the point of view of quantum-state
engineering. Such states can be used in investigations concerning systems in quantum
information theory. In particular, it has been shown that a nanoresonator with a
moving mirror can be a source of various quantum electromagnetic field states [1]. As
it was discussed in [2], such systems act as quantum nonlinear oscillators. Moreover,
quite recently, nanoresonators and carbon nanotubes have been discussed in that
context [3,4].
In this communication, we shall present systems involving two quantum nonlinear

oscillators. The oscillators are coupled by linear or nonlinear processes, forming a
nonlinear coupler system. In addition, the oscillators can be excited by an external
electromagnetic field. Assuming that the external excitation is sufficiently weak, as
compared with the nonlinearity parameters, the system behaves as nonlinear quantum
scissors [5,6]. In consequence, despite the presence of external excitation, the evolution
of the system, in fact, remains closed within the finite set of Fock states.
We show that if the nonlinear coupler system satisfies certain conditions, entangled

states can be generated. In particular, we can produce Bell states that are maximally
entangled states (MES). These states are commonly used in the investigations of quan-
tum information theory. Moreover, nonlinear couplers discussed here can be treated
as generators of generalized Bell states (GBS). Including certain damping processes
in our models, we can observe entanglement decay. Interestingly, the vanishing effects
of such entangled states can be observed in finite time. In such case, we deal with the
phenomenon of sudden death of entanglement (SDE) [7,8]. Additionally, if entangle-
ment reappears in the system, the effect of sudden birth of entanglement (SBE) [9,10]
takes place.
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Mixed auxeticity of auxetic sandwich structures
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A sandwich structure in which the Poisson’s ratios of the core and facesheets have
opposite signs has been shown to exhibit overall conventional or auxetic behavior
depending on the loading mode – axial loading or bending – for an intermediate range
of relative core thicknesses [1]. In addition to these two loading modes, sandwich
structures used in aerospace applications are subject to torsional loading. In this
presentation, an effective Poisson’s ratio for torsional loading is proposed. Results
show that, depending on the loading mode and the relative core thickness, there
can be up to four levels of auxeticity, namely (a) full auxeticity (FA), if the structure
behaves as an auxetic under all three modes of loading; (b) high auxeticity (HA), if the
structure behaves as an auxetic in two of the loading modes; (c) low auxeticity (LA),
if the structure behaves as an auxetic structure in only one of the loading modes;
and (d) no auxeticity (NA), if the structure behaves conventionally under all three
modes of loading. These results suggest that by properly selecting the Poisson’s ratios
and the thickness of the cores and facesheets, the sandwich structure can be tuned to
respond differently under different external loading conditions.
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Recent developments of multi-extreme terahertz EMR in Kobe will be presented.
Our system covers the frequency region between 0.03 and 7 THz and the temperature
region between 1.8 and 300 K [1]. Moreover, our system can combine multi-extreme
conditions such as a pulsed magnetic field up to 55 T [2] and high pressure up to
1.4 GPa [3]. We are also developing a highly-sensitive micro-cantilever EMR system
using a torque method, which enables the EMR measurement of a µm size single
crystal [4]. Some examples of terahertz EMR measurements, such as the multiferroic
material CuO, will be presented.
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Toward molecular-level organic auxetic polymers
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As part of an ongoing program aimed at creating molecular-level organic auxetic
materials, we have synthesized and examined two series of main-chain liquid crys-
talline linear polymers and elastomers. The key structural feature is the presence of
a laterally-attached rod that, upon tensioning the polymer main chain, would rotate
into a position approximately perpendicular to the stretching direction leading to lat-
eral expansion. This site-connectivity driven rod reorientation mechanism is examined
in a series of experiments: X-ray diffraction, stress/strain measurement, and strain
retention measurement.
The rationale for choice of the rod chemistry, the site of attachment to the polymer

main chain, and the synthetic details for construction of the macromolecular structure
will be presented.
One set of polymers is a family of nematic polyesters having terphenyl or pen-

taphenyl as the transverse rod. The thermal and X-ray data for these materials reveals
the parallel orientation of these rods to the nematic director in the quiescent nematic
phase – a desirable feature of using liquid crystalline systems as potential auxetics.
Our results for the other set, siloxane-containing main chain liquid crystalline

polymers and elastomers, indicate that even at 50% transverse rod incorporation,
a mesophase – likely smectic – still persists. We have also found that the shorter,
stiffer trisiloxane spacer group produces a higher Sc-I temperature compared to a more
flexible octasiloxane unit. Copolymers of variable ratios of these spacers have Sc-I
temperatures which track with composition of the end members of the series. X-ray
results confirm likely smectic organization in the polymers examined here with fiber
samples having SAXS intensity distributions showing molecular level orientation.
Stress/strain data including measurement of strain retention (shape memory) will

be presented and interpreted in light of the orientation of the laterally-attached rod
as the specimen is under tension.

Acknowledgements

We wish to thank the National Textile Center (M04-GT21) for partial support of this
work.

43



L25

Morphology and swelling dynamics

of polyelectrolyte thin films:

correlation with added salt concentration

T. Samanta, M. Mukherjee

Surface Physics Division, Saha Institute of Nuclear Physics
1/AF Bidhannagar, Kolkata 700064, India

Solution state morphology of a polyelectrolyte solution and its time evolution
with and without added low-molecular-weight salt were examined using dynamic light
scattering (DLS). Correlation functions obtained from a DLS study of the solutions
(concentration range∼3–30 mg/mL) without added salt were found to vary with time,
indicating time-dependent aggregation within the solution. The agglomeration time
of the solution was strongly dependent on the solution concentration and decreased
with a decrease in solution concentrations.
The presence of the ions of low-molecular-weight salt (NaCl, 10−4–1 mol/L) in the

solution led to different agglomeration behavior, possibly due to different screening
of the electrostatic interaction between the polyelectrolyte chains. Agglomeration was
hindered when the concentration of externally added salt ions was higher than the
amount of counterions present in the solution. Higher concentration of polyelectrolyte
in the solution did not favor the formation of aggregations.
The effect of the solution morphology of polyelectrolyte chains on the morphology

of the thin film surface was studied by preparing ultrathin films from different stages
of solutions (below and above the agglomeration time). The surface morphology of the
films showed a dependence on the salt concentration, as evidenced by tapping-mode
AFM study.
Ultrathin films of pure poly (sodium 4-styrenesulfonate) (NaPSS) were prepared

by the spin-coating method, and the swelling dynamics of the films were studied by
X-ray reflectivity. The diffusion coefficient of the NaPSS chains was found to be orders
of magnitude lower than that of a neutral polymer. The fraction of charged monomer,
which determines the strength of the repulsive interaction between polymer segments,
showed the confinement effect.
Swelling dynamics of the films are likely to be modified with a change in the

concentration of added salt.
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In this work we describe the mechanical properties of carbon nanocones subjected
to tip compressive loading. The nanocones are modelled using a hybrid atomistic-
continuum Finite Element approach, where the C-C Sp2 bonds are represented by
structural beam elements having equivalent mechanical properties obtained by the
minimisation of the energy equivalence between the stechiometric harmonic potential
(AMBER) and the strain energies associated to deep shear bending (Timoshenko)
beams . We highlight the dependence of the compressive Young’s modulus and equiv-
alent Poisson’s ratio of the nanocones versus the length and azimutal angle of the
nanostructures. Semi-empirical relations are derived to related the mechanical prop-
erties the geometry of the nanocones.

a) b)

Figure 1: (a) Nanocone with length 15 Å, disclination angle 240◦ (b) Nanocone having length
30 Å, disclination angle 120◦
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Recently, a Veselago lens for elastic Lamb waves, exhibiting negative refraction
and focusing in a free plate with a step change in thickness has been demonstrated
experimentally for the first time (S. Bramhavar et al., Physical Review B 83, 014106,
2011). In the present paper, this extraordinary result in a very simple mechanical
system is numerically investigated in detail using the 3D Elastodynamic Finite Inte-
gration Technique (EFIT). We study the refraction of Lamb waves at a plane interface
consisting of an abrupt thickness change between two different plate regions. While
one of the regions supports a backward-propagating (negative group velocity) mode,
the other plate region supports a forward-propagating (positive group velocity) mode
at exactly the same frequency and wave number. We demonstrate negative refrac-
tion and focusing by means of time-resolved wavefront snapshots, paying particular
attention to the wave pattern in the immediate vicinity of the interface. Additionally,
we investigate the influence of different geometrical transitions between the thin and
the thick part of the plate. Our results confirm that guided ultrasonic waves provide
a powerful test bed for negative-index physics and offer interesting new possibilities
for imaging applications in nondestructive evaluation.
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In additive manufacturing, structures are built up layer by layer, enabling com-
plete control over material distribution in each layer. The approach allows a large
degree of freedom in terms of the design of structures. In the context of designed
cellular structures, this translates into a high degree of control over the mesoscopic
geometry and, consequently, over their physical properties (e.g. mechanical). This al-
lows, for example, to impart the auxetic behaviour into cellular structures [1]. In this
work, we combine the imaging capabilities of rapid prototyping with mathematical
optimization procedures, used in order to determine new auxetic structures. Topologi-
cal optimization allows us to identify unit cells with properties matching a prescribed
compliance tensor. However, the resulting unit cells are often too complex for tra-
ditional manufacturing routes, whereas additive manufacturing has the potential for
producing even. Here, we present examples of such topologically optimised auxetic

Figure 1: a) Example of a unit cell obtained by optimisation and its physical realisation in
Ti-6Al-4V; b) Poisson’s ratio of the structure, determined by mechanical testing
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structures (Figure 1), as well as numerical and experimental results of their mechan-
ical characterisation. We also discuss the potential of additive manufacturing in the
context of other unusual properties of cellular materials.
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Computer simulations of idealized models of macromolecules at interfaces were
performed by means of the Monte Carlo method. The coarse-grained models chains
were approximated as sequences of beads and were embedded to a [310] hybrid lat-
tice. We studied the following chain internal architectures: linear, star-branched and
cyclic [1]. Each polymer chain was built of two kinds of beads: hydrophobic (H) and
hydrophilic (P). Some sequences of beads like homopolymers, random copolymers,
alternating copolymers and block copolymers were studied. The polymer beads inter-
acted with a long-distance contact potential and were placed near an impenetrable
and attractive surface. The properties of the model system were determined using
a Replica Exchange Monte Carlo algorithm. The influence of the temperature, the
strength of the adsorption, the sequence of beads and the macromolecular architec-
ture on the properties of chains were studied. The highest degree of adsorption was
found for cyclic macromolecules while it was comparable for linear and star-branched
chains [2]. It was shown that the most pronounced influence of the adsorbing sur-
face on the chain’s structure was observed for alternating copolymers polymers. The
changes of the polymer film structure in the presence of repulsive patterns were also
presented and discussed [3].
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The objective of this talk is to introduce a new micropolar model derived in or-
der to improve the existing continuum models with respect to the static behavior
of auxetic structural networks. The chiral lattice is an example of an auxetic struc-
ture, made of rings connected by ligaments. This configuration exhibits unusual static
behavior dominated by a Poisson’s ratio predicted to be exactly −1. While this in
itself is a rather remarkable characteristic, promising significant shear resistance, it
prevents the employment of continuum models of classical elasticity from exploring
the possible applications of this structural system. In order to remove this singularity,
the response of a macrocell that includes all topologically distinct components was
studied by employing a micropolar continuum representation of the strain energy den-
sity. This formulation includes microrotations as independent degrees of freedom and
results in a refined representation of the behavior of the chiral lattice. At least three
findings emerge from this analysis. Auxetic structures whose internal components are
subject to bending deformations are stiffer in shear than similar configurations with
a positive Poisson’s ratio. This remarkable stiffness was found to be bounded by that
of structural configurations dominated by axial deformations of their internal compo-
nents. Finally, Poisson’s ratio exhibits boundary-layer behavior in transitioning from
negative values (close to −1) to 0.33 in the case of a triangular lattice.
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External boundaries of acoustic devices can channel sound propagation, and in
certain cases create a build-up or attenuation of acoustic energy in a confined space.
We demonstrate the viability of proposed efficient practical numerical method (based
on FEM) for the calculation of the attenuation of sound power transmission through
ducts by showing how it consistently predicts results in agreement with experiment.
One can observe the mechanical behaviour of the medium of the duct at lower

frequencies (high transmission loss, high attenuation) and wave behaviour at higher
frequencies (small or zero attenuation). For certain incident waves, one can observe
negative transmission “loss” (power build-up).
We proved that mechanical vibrations of the medium reduce the possibility of the

transmission of acoustic energy in duct systems. Radiation impedance of the duct was
also calculated. The model of a mechanical system with negative power transmission
was proposed and analysed.
Acoustic power transmission and impedance – for the ideal case, where there is no

ambient velocity and the viscosity and thermal conduction are neglected, the energy
density in the considered domain at a given time is described by:

W =
1

2

(

ρv2+
p2

ρc2

)

. (1)

The first term in the above expression for the energy density is recognized as the
acoustic kinetic energy per unit volume, and the second term is identified as the
potential energy per unit volume due to the compression of the fluid.
Frequency-dependent sound transmission loss (TL) is a useful tool for measuring

the acoustic performance which depends only on the device. TL is defined as the ratio
of the sound power incident on the inlet of the device to that leaving the device at
the outlet. Transmission loss is given by:

TL= 10log
Win
Wout

, (2)

where Win denotes the incoming power at the inlet of the duct, Wout denotes the
transmitted (outgoing) power at the outlet. The incoming and transmitted sound
power, respectively, is given by:

Win =

∫

S

p20
2ρc

dS, Wout =

∫

S

|p|2
2ρc

dS, (3)
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where p0 is the applied amplitude of the pressure source and S is the area of the
boundary, where waves are incoming to and outgoing from the duct. The power of
the incoming sound is expressed by the amplitude of the applied pressure source, and
not by the pressure at the inlet. The calculated sound power at the inlet is the sum
of the sound power from the source, sound power reflected from the pipe inlet, pipe
outlet and pipe boundaries.
One can derive the average complex acoustic impedance over the outlet of a cylin-

drical duct as an integral in cylindrical coordinates:

ZR =
1

S

∫ ∫

S

p

vn
dS =

1

πa2

∫ 2π

0

∫ a

0

r ·
[

Re
( p

vn

)

+ jIm
( p

vn

)

]

drdϕ=
2

a2

∫ a

0

r · ẑ(r)dr, (4)

where S is the area of the surface and vn = n · v is the outward normal component of
the velocity on the surface. The outlet of the duct is the radiating surface, where the
radiation impedance is a function of the frequency and cylindrical coordinate r.
Mechanical impedance is a measure of how much a structure resists motion, when

subjected to a given force. It relates forces with velocities in a mechanical system.
The mechanical impedance of a point in a structure is the ratio of the force applied
to the point to the resulting velocity at that point. It is a function of the frequency of
the applied force and can vary greatly with frequency. At resonance frequencies, the
mechanical impedance is lower, i.e. a smaller force is required to cause a structure to
move at a given velocity.
Due to the mechanical behaviour of the medium of the duct, a mechanical model

is proposed, where the system is comprised of masses and springs.

Figure 1: Mechanical model of system

Transmission loss of a mass-spring system can be defined as:

TLmech = 10log
W0
W1
= 10log

k0
k1
+20log

∣

∣

∣

∣

X01
X02−X01

∣

∣

∣

∣

, (5)

where X01 and X02 describe the amplitudes of motion of the two masses in a mechan-
ical system.
If we assume that k0 = k1, we can write the above formula for the power trans-

mission as:

TLmech = 20log
k1/k2

(ω/ω02)2− 1
− 1 = 20log

(

1

Ω2
− 1
)

, (6)

where ω02 =
√

k2/m2 is the frequency of the second part of the system and Ω =
√

(ω/ω02)2− 1/(k1/k2) is the reduced frequency of the system for ω >ω02.

52



L31

a)

b)

Figure 2: Power transsmision loss: a) acoustic systems (numerical and experimental results);
b) mechanical systems

Power transmission can be negative both for acoustic systems (Figure 2 a) and
mechanical systems (Figure 2 b). A negative power transmission loss corresponds to
an increase in the power of the considered systems for a certain band of frequencies
of a potential (e.g. harmonic force in a mechanical system and acoustic pressure in
an acoustic system). Devices or materials with negative properties find use in the
design of acoustic metamaterials (e.g. phononic crystals). Moreover, it was proved
that mechanical vibrations of the medium reduce the possibility of acoustic energy
transmission in duct systems.
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Self-assembly (SA) [1,2] is a process in which discrete components organize spon-
taneously into ordered and/or functional super-structures [1]. Here, we present both
an experimental and a numerical study of dynamic self-assembly (DySA) in a system
of millimeter-sized magnetic disks at a liquid-air interface, subject to a rotating, ex-
ternal magnetic field [3,4]. In the experiment, we observed polymorphism at DySA
and we collected the statistical data on the frequency of occurrence of different pat-
terns. Numerical simulations were used to describe a DySA system [5,6,7]. Our model
not only correctly mimics the dynamical behavior and the symmetry of the aggre-
gates at various Reynolds numbers, but also reproduces the frequencies with which
the polymorphic patterns occur experimentally. The calculation of energy dissipation
rates in a prototypical DySA system allowed us to explain the frequency with which
the polymorphic patterns occur from the point of view of non-equilibrium thermody-
namics. We found that most realized structures had low energy dissipation rates. As
the realization of any given pattern depends on its energy dissipation rate and the
principle of minimum dissipation rate of energy is equivalent to the principle of min-
imum entropy production rate, we can say that nature favors structures (patterns)
with minimum entropy production rate.
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White organic light-emitting diodes (OLEDs) are interesting due to their appli-
cation in flat-panel displays and solid-state lighting sources. OLED displays consume
far less energy than conventional LCD and plasma panel displays. OLED lighting is
not only energy-efficient, but also lightweight and flexible. There are several methods
for fabricating white OLEDs. One of these consists in connecting three primary-color
(red, green, and blue) OLED devices. Another method comprises a single OLED de-
vice, from which white emission is obtained. The latter method is preferable, since
the fabrication is more cost-efficient than in the case of the former method. In a single
OLED system, three different layer structures are conceivable. The first one comprises
red, green, and blue emitting layers, the second – two layers emitting complementary
colors, whereas the third one comprises a single emitting layer which gives rise to white
emission. This type of OLED is the most cost-efficient, because its layer structure is
simple. We fabricated these three types of OLEDs, using various emitting materials,
such as small molecules and polymers. Simultaneously, we developed materials gen-
erating white emission, e.g. a small molecule with a ligand emitting a different color,
and a fluorene copolymer with a red-emitting iridium complex in the main chain. We
present the electroluminescence (EL) characteristics (EL spectra, external quantum
efficiency, power efficiency, etc.) of these white OLEDs with different layer structures,
including the high luminance of 16800 cd/m2 achieved at a low operating voltage of
3.8 V. We also present the photophysics of organic materials used in the fabrication
of white OLEDs.
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Solitary wave propagation is studied numerically in plates with positive Poisson’s
ratios (common materials) and those with negative Poisson’s ratios (auxetic materials)
to analyse the influence of material characteristics on the propagation of such waves.
Propagation of solitary waves in a plate constitutes an initial-boundary value prob-

lem, described by a partial differential equation of the fourth order [1]. In general,
its solution cannot be expressed in the form of an analytic function and has to be
found by numerical calculations. In this study, it is assumed that the wave is a well
localized, bell-shaped strain which moves preserving its shape. The detailed algorithm
of the used numerical procedure is described in [2]. The procedure is based on the
method of fundamental solutions (see e.g. [3,4]), which is one of meshless methods.
The last decades saw a rise in the popularity of these methods [5–13], owing to the fact
that they possess certain advantages compared to mesh methods or other numerical
procedures. Their main advantage is the fact that there is no need to construct any
particular mesh in order to perform calculations (as is the case in mesh procedures).
(Mesh generation is a time-consuming procedure and the mesh occupies a significant
amount of computer memory. Obviously, meshless methods avoid these disadvan-
tages.) Meshless methods base just on sets of points, which may be placed regularly
or be disordered – in a form of a ‘cloud of points’. The other advantage of the applied
procedure is that the fundamental solutions, which are known for most popular oper-
ators appearing in the equations of mechanics, strength theory, fluid mechanics etc.,
are used as the basis functions [5–13]. (In other methods for solving initial-boundary
value problems, one needs to find the basis functions, usually by trial and error. Of
course, such a procedure is time consuming.)
For solving the problem considered in this study, we used the procedure of solution

of the boundary value problem for the biharmonic operator with boundary conditions,
the solution for which is described in the literature, for example in [14]. A numerical
experiment was performed to confirm the convergence and accuracy of the proposed
numerical algorithm. After validating the method, we studied the influence of the
Poisson’s ratio on solitary wave propagation in plates. Not only some common ma-
terials were considered but also various auxetics. Results of the experiments will be
discussed during the lecture.
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Modelling of the mechanical properties

of single-crystalline silica frameworks
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Analytical models based on the deformation of connected 3D tetrahedra and
2D squares/rectangles frameworks have previously been developed to understand the
deformation mechanisms responsible for the auxetic behaviour in the α-cristobalite
and α-quartz polymorphs of crystalline silica. In this paper, we report the further
development of the analytical tetrahedral models to predict the Young’s moduli of
these frameworks. The dependency of the moduli on the various parameters (bond
strength, bond angle bending, geometry etc.) are investigated and predictions using
established values of these parameters from experiment and/or force fields are made
and compared to the experimentally determined Young’s moduli.
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A crucial feature permeating nanophotonics semiconductor-device functionality is
the appearance of negative differential mobility (NDM) of the two-dimensional carrier-
gas against some proper external regulator (materialising as instantaneous cumulative
photonic intake) allowing for gradual controlled modification of the nanointerfacial en-
vironment. In this work, several instances, in our two-decade principal research, of
both experimental observation and conceptual prediction concerning nanophotonics
NDM are reconsidered and critically discussed towards outlining a global interpre-
tation of an intersubband-transition mechanism plausibly accountable for the phe-
nomenon.
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Auxetic materials are those which have a negative Poisson’s ratio. There are a num-
ber of materials which can be produced in this form, but only angle-ply composite
laminates can currently be produced using conventional starting materials and conven-
tional processing routes. The key to producing an auxetic composite is in the stacking
sequence of the individual layers alone. The Auxetic Materials Group at Bolton have
performed detailed testing of auxetic carbon fibre composite laminates under indenta-
tion and impact loading and have assessed the fracture toughness of these materials.
In all cases, the auxetic laminates have improved properties over conventional com-
posites. One area which we have not examined fully to date is the thermal testing
of auxetic composites and this project investigates this area in conjunction with Prof
Baljinder Kandola of the Fire Materials Research Group, also at the University of
Bolton. The paper will report thermal analysis and post test characterisation of aux-
etic carbon fibre composites in comparison with conventional carbon fibre composites,
studying both in-plane and out-of-plane negative Poisson’s ratio laminates.
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Half-metallic ferromagnets with a crystal structure compatible with important III-
V or II-VI semiconductors are desirable for spintronic applications. Among the most
promising materials for half-metallic ferromagnets are 3d transition-metal chalco-
genides, particularly Cr1−xTe with a Curie temperature in the range of 180–340 K,
depending on composition. However, the stable structure of these compounds is hexag-
onal of NiAs type. Recently, Cr1−xTe has been widely investigated in first-principles
theoretical studies, since its hypothetic unstable ferromagnetic cubic zinc-blende (ZB)
phase demonstrates half-metallic properties with an energy gap of 2.90 eV, which
preserves almost 100% spin polarization. In this paper, we propose to stabilize this
unusual structure by doping with Cd atoms. We calculated the band structure of
cubic Cd1−xCrxTe (x=0.5) solid solution using the linearized-augmented-plane-wave
(LAPW) method with the local-density approximation for the exchange and correla-
tion potentials. Densities of states and magnetic moments were calculated. The results
were compared to the band structure of pure CdTe and CrTe components. We con-
clude that the main features of ZB CrTe band structure are preserved in the band
structure of Cd1−xCrxTe, even for high concentrations of Cd atoms.
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The results of EPR measurements of a double tungstate KGd(WO4)2 (KGW)
single crystal are presented for the first time. The changes in the EPR spectra are ex-
amined as a function of temperature. The EPR spectra reveal a complex structure (see
Figure 1). Additionally, the temperature dependence of the EPR spectra of a KGW
single crystal is very interesting. We used a few Lorentz shaped curves to fit the EPR
spectra, assuming that these curves originated from several magnetically inequivalent
paramagnetic centres. It seems that there are many different paramagnetic centres in
a KGd(WO4)2 (KGW) single crystal. These centres behave differently with a change
of temperature. An analysis of the temperature dependence gives a deeper insight
into the structure and environment of paramagnetic Gd3+ centres in a KGd(WO4)2
single crystal.

Figure 1: EPR spectra of KGd(WO4)2 single crystal in different temperatures
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Stents are artificial tubes which are inserted into natural passages in the body
such as coronary vessels to prevent or counteract localized flow constriction. Here
we discuss the characteristics of some of the more commonly used stents from a
geometry-deformation mechanism point of view and show how our knowledge on the
design of systems with tailor-made Poisson’s ratio can be used to design superior
stents.

66



O07

Synthesis of carbon and silica nanostructures

supporting titanium oxide for photocatalysis

K. Cendrowski, X. Chen, B. Zielińska,
R. J. Kaleńczuk, E. Borowiak-Paleń

Center of Knowledge Based Nanomaterials and Technologies
Institute of Chemical and Environment Engineering
West Pomeranian University of Technology
Pułaskiego 10, 70-322 Szczecin, Poland

The recent publication on improvement of the photocatalytic activity of titanium
dioxide supported on carbon or silica structures has focused our attention on sup-
porting nanocrystalline titanium oxide on hollow carbon mesoporous nanospheres,
multiwalled carbon nanotubes, silica nanotubes, silica/carbon nanotubes and meso-
porous silica nanospheres. In this contribution we present the route of synthesis of
these kinds of molecular nanostructures. The preliminary photocatalytic properties
of the samples indicated enhancement of their activity in comparison to the reference
titania. We tested two reactions: phenol decomposition and hydrogen generation.
The samples morphology was investigated by means of high resolution transmis-

sion electron microscopy (HR-TEM). The phase composition of the materials was
studied via X-Ray diffraction. Raman spectroscopy was used to check the vibronic
properties of the samples.
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Among the crystals of different crystalline systems, the negative Poisson’s ratio
most often occurs in cubic crystals [1,2]. We identified all cubic crystals with neg-
ative Poisson’s ratio (“cubic auxetics”), the elastic properties of which are given in
the well-known book series of Landolt-Börnstein [3]. For anisotropic materials, elastic
properties such as Poisson’s ratio (the ratio of deformation due to transverse com-
pression to the longitudinal extension) depend on the orientation of the deformable
sample and several compliance moduli. Using Euler’s angles ϕ,θ,ψ for the description
of orientation in the case of cubic crystals, which are characterized by three matrix
compliance coefficients s11, s12, s44 such dependence can be represented as

ν

E
=−∆
2
[N(ϕ,θ,ψ)−Π] , Π≡−2s12

∆
,

N(ϕ,θ,ψ)≡
{

3cos2 θ cos2ψ+(cosθ cos2ϕcosψ− sin2ϕsinψ)2
}

sin2 θ.

Here E – Young’s modulus, which is always positive, ∆ = s11− s12− s44/2 – a lin-
ear combination of all compliances (the dimensional parameter of anisotropy), Π
– a dimensionless combination of these three coefficients, N (ϕ,θ,ψ) – a periodic
function of the angular variables with periods Tϕ = π/2, Tθ = 2π, Tψ = π, for which
0¬N(ϕ,θ,ψ)¬ 1.
The analysis revealed that an overwhelming number of auxetics shows a change

of sign of Poisson’s ratio under changes of the orientation of the deformed crystalline
sample. Such auxetics are termed “moderate auxetics”. In accordance with previous
formulas, the “boundary of auxeticity” ν(ϕ,θ,ψ) = 0 takes the form

N(ϕ,θ,ψ) =Π.

Thus, this boundary depends only on one dimensionless characteristic of crystalline
elasticity, Π. Because of lower and upper limitations on the function N(ϕ,θ,ψ), the
equation for this boundary can be solved only if we have constraints on the elastic
properties of the form

0<Π≡−2s12
∆

< 1. (1)

Positivity of the dimensionless ratio Π requires the opposite sign of the compliance
modulus s12 and of the anisotropy parameter ∆ for moderate cubic auxetics. Experi-
mental data for the compliance coefficients in [3] permit to distinguish two subclasses
of moderate cubic auxetics with ∆> 0, s12 < 0 and ∆< 0, s12 > 0. Hundreds of cubic
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auxetics belong to the first subclass (with ∆> 0, s12 < 0). Among them, we men-
tion monocrystals of Li, Na, K, Yb, Rb, Cs, Ca, Sr, Th, Pb, Ce, Co, Cu, Ag, Tl,
Ni, Fe, Pd, Au, FePd, InTl, CuAlNi, CuAuZn2, NiCrO4, AuZn, FeAl, CuSn, CuAu,
CuMn, CuNi, CuZn, FeNi, FeCrNi, AgAu, AgZn, ZnS. Another subclass (with ∆< 0,
s12 > 0) is much more limited. It includes about ten auxetics (e.g., crystals of UTe,
ReO3, SmB6, USb, USe, TmSe).
As a result of detailed analysis, it was found that the nature of the auxetic surfaces

ν(ϕ,θ,ψ) = 0 strongly varies with the dimensionless parameter Π. The critical value
of this parameter is defined as

Πc ≈ 0.75 .
As this parameter varies, there is substantial restructuring of the topological type
of the surface. When the following inequalities 1>Π>Πc hold, the auxetic bound-
aries represent collections of closed surfaces. For smaller values of the dimensionless
parameter (Πc >Π> 0) they take the form of pairs of “unclosed surfaces”. This is
illustrated in Figure 1. Euler angles characterizing the orientation of the crystals are
plotted along the axes of the Cartesian coordinate system. For clarity, the angular
cells Tϕ = π/2, Tθ = 2π, Tψ = π are shifted by −π/6 along the ϕ axis and by −π/4
along the ψ axis.

Figure 1: View of the auxetic surfaces ν (ϕ,θ,ψ) = 0 for Π = 0.9>Πc ≈ 0.75 (left) and for
Π= 0.7<Πc ≈ 0.75 (right)

The position of the regions in which the Poisson ratio is negative depends on the
sign of the dimensional parameter of anisotropy ∆. For ∆> 0, these zones are located
within the closed boundaries of auxeticity. Otherwise, the reverse has place.
Auxetics with dimensionless complex which does not satisfy the inequalities (1) de-

serve particular attention. For such “absolute auxetics”, the Poisson’s ratio is negative
for all crystalline orientations. In this case, the separating auxetic surface ν(ϕ,θ,ψ)=0
is absent. Three candidates for the role of an absolute cubic auxetic were found,
namely, barium Ba (with Π< 0) and two solid solutions of samarium Sm (with Π> 1).
The obrtained extensive lists of moderate auxetics and the three absolute auxetics

should not be considered final. They are based on the analysis of experimental data,
which do not always have sufficiently high accuracy (see [3]).
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Cellular structures, in particular hexagonal honeycombs have been the subject of
numerous studies in view of their extensive use in many practical applications. In
particular, there have been various studies which relate the mechanical properties
of honeycombs to the geometrical parameters used to describe the structure of such
honeycombs. Despite several improvements over the first established models [1,2,3], fi-
nite element simulations on honeycombs having ribs with realistic thickness-to-length
ratios suggest that the Poisson’s ratios and Young’s moduli for such systems differ
from those predicted by current models, sometimes to a very significant extent. In
view of this, in the work presented here the deformed structures are analysed in detail
in an attempt to gain insight into how and the extent to which the aspect ratio of
the ligaments and their mode of connection (i.e. re-entrant or non re-entrant) affects
deformation in hexagonal honeycombs. Following these observations, a modified an-
alytical model that takes into consideration the finite thickness of the ligaments is
proposed.
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2D periodic networks consisting of three sets of rods made of different materials
are known to exhibit adjustable thermal expansion. It has been shown that triangles,
one side of which is made of a different material than the remaining two sides, can
exhibit negative thermal expansion (NTE) [1–3]. A generalized study of a triangular
network for various combinations of different rod lengths and coefficients of thermal
expansion (CTE) further supports the high adjustability of the thermal expansion
of this network, spanning both negative and positive values [4]. This presentation
considers a 3D periodic network consisting of six sets of rods arranged in a tetrahedron,
known as space frame trusses in the civil engineering context, as an extension of the
2D network. Various combinations of rod lengths and CTEs leading to overall negative
CTEs of the space frame trusses are presented.
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A study on selective oxidation of raw single walled carbon nanotubes (SWCNT)
treated by long time oxidation in open air will be presented in this contribution. The
as-produced SWCNT consists of a mixture of semiconducting and metallic nanotubes
and fractionation is highly required to broaden their applications. Therefore, the aim
of this research is to enrich a bulk SWCNT sample in one particular electronic type.
Thermal oxidation gives a simple route to reach this goal on a large scale. Other
fractionation techniques such as dielectrophoresis, density gradient ultracentrifugation
or gel chromatography are very efficient, however the scaling up of these processes
is very limited. The obtained single fractions of SWCNTs can be applied for flexible
print on electronics, semiconducting SWCNT after modification (n-type and p-type
doping) can form diodes or simple transistors, when metallic SWCNT will act as
a contact for these active components.
The samples were characterized by means of high resolution transmission electron

microscopy, micro-Raman and optical absorption spectroscopy.
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Many factors are known to influence the luminescence phenomenon, e.g. com-
position, density of lattice defects, purity of initial materials, preparation method,
temperature, humidity, atmosphere, presence of water and foreign ions [1]. The heat-
ing process affects many phenomena in materials, including structural changes, grain
growth, dopant diffusion and water behavior [2]. We present the influence of heating
temperature on the luminescent properties of a material exhibiting a narrow grain size
distribution, which could find application in optoelectronic devices. Powders were pre-
pared via the microwave hydrothermal route. The residue was precipitated from water
solution of metal nitrates at pH 10. The microwave-hydrothermal process was con-
ducted under a pressure of 55 atm for 20 minutes. The obtained powders were dried
and heated in an air atmosphere. The temperature of heating varied from 200 to
1000◦C. The content of yttrium varied from 0 to 10%, whereas terbium concentration
was 0.5%. Luminescent properties were investigated in all powders in order to find
the most intense emission. The grain size of heated powders varied from 5 to 30 nm
and depended on the concentration of yttrium. Stabilization was found to be ineffi-
cient in the powders with low concentration of yttrium, heated at high temperatures.
After a critical grain size was reached, a phase transition occurred, like in materials
synthesized by calcination.
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Recent computer simulations of elastic properties of two- and three-dimensional
static systems with n-inverse-power interactions are reviewed. In particular, based on
the study of atomic and molecular models, the influence of various forms of structural
disorder on Poisson’s ratio will be discussed.
Size polydispersity of the particles forming a solid is typically responsible for an in-

crease of the (average) Poisson’s ratio [1–5]. Moreover, for such systems as 2D discs [1],
2D trimers [2], 3D spheres [3] and 3D dimers [4], the Poisson’s ratio tends to its ex-
treme positive value in the limit of hard interactions. In the case of anisotropic models,
it is possible to decrease the value of the Poisson’s ratio, even below −1 (which is the
lower limit for isotropic systems [2]), by proper selection of the shape of the particles.
In such systems, the negative value of Poisson’s ratio is retained even in the presence
of atomic size polydispersity [5].
Although atomic size polydispersity leads to an increase of the Poisson’s ratio

in the limit of hard interactions, anisotropic systems of cubic symmetry have been
found that exhibit, in some directions, a decrease of the Poisson’s ratio driven by an
increase of structural disorder. The three-dimensional sphere [3] and dimer [4] models
are examples of such systems. In the case of the latter system, i.e. a degenerate
crystalline structure of cubic symmetry [4], the size polydispersity leads to a decrease
of Poisson’s ratio in a certain direction for large values of the exponent n, which was
not observed previously in any of studied models. This is a promising result in the
context of manufacturing mechanically stable (partial) auxetics of cubic symmetry.
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Series of new glasses with an LiCaBO3 composition, doped with Mn and Cu
(LiCaBO3:Mn and LiCaBO3:Cu) were obtained and their electron paramagnetic res-
onance (EPR) and optical spectra were investigated and analyzed. The LiCaBO3:Mn
and LiCaBO3:Cu glasses of high optical quality were obtained from corresponding
polycrystalline compounds by fast cooling of their melts. The melts were heated
more than 100 K higher that the melting temperatures of the LiCaBO3 compound
(Tmelt=1103 K) to exceed the glass transition point. Lithium and calcium carbonates
(Li2CO3 and CaCO3) and boric acid (H3BO3) of high chemical purity were used for
solid state synthesis of the LiCaBO3 compound. Mn and Cu impurities were added
to the melt compositions in the form of MnO2 and CuO oxides in the amounts of 0.5
and 1.0 mol.%.
On the basis of an EPR spectra analysis it was shown that the Mn and Cu impuri-

ties were incorporated into the LiCaBO3 glass network as Mn
2+ (3d5, 6S5/2) and Cu

2+

(3d9, 2D5/2) paramagnetic ions. The observed EPR spectra of the Mn
2+ and Cu2+

centers in the LiCaBO3 glasses were characteristic for glassy (or vitreous) compounds
and were closely similar to the corresponding EPR spectra of the Mn- and Cu-doped
glasses with Li2B4O7 and KLiB4O7 compositions, investigated by us earlier [1–3].
The EPR spectra, observed in the LiCaBO3:Mn glasses, were attributed to the

isolated Mn2+ ions with a broad distribution of crystal field parameters and small
clusters of Mn2+ ions in trigonally distorted octahedral sites of the glass network.
The positions of the Mn2+ EPR lines in the LiCaBO3:Mn glasses were almost inde-
pendent of temperature in the 77–300 K range and their intensities increased with the
increasing amount of the Mn impurity. The EPR spectra parameters of Mn2+ centers
(isotropic g-factors and hyperfine constants of the 55Mn isotopes as well as peak-to-
peak derivative linewidths of hyperfine components) in the LiCaBO3:Mn glasses were
determined at T = 300 K.
It was shown by optical spectroscopy that the Mn impurity was incorporated into

the LiCaBO3 glass network simultaneously as Mn
2+ (3d5) and Mn3+ (3d4) ions. All

the observed transitions of the Mn2+ and Mn3+ centers in the optical absorption, emis-
sion, and luminescence excitation spectra of the LiCaBO3:Mn glasses were identified.
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In particular, a broad optical absorption band with a maximum near 470 nm was re-
lated to the 5Eg→ 5T2g spin-allowed transition of the Mn3+ centers in octahedral sites
and the intense absorption at λ< 350 nm was assigned to the Mn3+→O2− charge-
transfer band. A complex intense emission band, peaked around 600 nm, belonged to
4T1g→ 6A1g transition of the Mn2+ centers in octahedral sites of the LiCaBO3 glass
structure. The luminescence kinetics of the Mn2+ emission bands in the LiCaBO3:Cu
glasses, containing 0.5 and 1.0 mol.% of MnO were investigated and their lifetime
values were determined at T = 300 K.
The observed EPR spectra of the Cu2+ centers in the LiCaBO3:Cu glasses were

assigned to the isolated Cu2+ centers in the octahedral sites of the glass network. The
positions of the Cu2+ EPR lines in the LiCaBO3:Mn glasses were independent of tem-
perature in the 77–300 K range and their intensities increased with the increasing Cu
impurity amount. The EPR spectra parameters of Cu2+ centers (axial g – factors and
hyperfine constants of the 63Cu and 65Cu isotopes as well as peak-to-peak derivative
linewidths of hyperfine components) in the LiCaBO3:Cu glasses were determined at
T = 300 K. The optical spectroscopy of the LiCaBO3:Cu glasses showed that the Cu
impurity was incorporated into the LiCaBO3 glass network simultaneously as Cu

2+

(3d9) and Cu+ (3d10) ions. A characteristic broad absorption band, peaked about
750 nm, was assigned to the 2B1g→ 2B2g transition of the Cu2+ centers in the octa-
hedral sites of the LiCaBO3 glass network. An intense absorption in the UV region
(λ< 350 nm) was assigned to the Cu2+→O2− charge-transfer band. Complex broad
emission bands around 450 nm were observed in the photoluminescence spectra of the
LiCaBO3:Cu glasses. The emission bands belonged to the parity- and spin-forbidden
3d94s→ 3d10 transition from the triplet state of the Cu+ centers with different local
environments or their distortion. The luminescence kinetics of the Cu+ emission bands
in the LiCaBO3:Cu glasses, containing 0.5 and 1.0 mol.% of CuO2 was investigated
and its lifetime values were determined at T = 300 K.
The EPR and optical spectra and their parameters in the LiCaBO3:Mn and

LiCaBO3:Cu glasses were analyzed in comparison with the corresponding spectra and
parameters for Li2B4O7:Mn, KLiB4O7:Mn, Li2B4O7:Cu, and KLiB4O7:Cu glasses,
containing 0.4 and 1.6 mol.% of MnO2 [1–3]. Possible local structures of Mn

2+, Mn3+,
Cu2+, and Cu+ impurity centers in the LiCaBO3 glass network are discussed on the
basis of the obtained and referenced spectroscopic and structural data for different
borate glasses and their crystalline analogies.
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The charge distribution for an electron constrained in a plane in which resides
a one-dimensional attractive parabolic potential, and under the influence of a constant
magnetic field perpendicular to the plane is treated in the case whereby the particle’s
initial wave function constitutes a wave packet locating the particle at a given position
in the plane and carrying an initial momentum. There follows a picture consiting of
instances of the evolving charge distribution in the course of time. The distribution
starts from a concentrated form associated with the initial wave packet and contin-
uously smears out retaining, however, the form of a wave hill extending along and
partially accross a line turning about the moving projection of the hill crest. The
evolution in time of the crest projection coordinates onto the plane of motion show
periodicity determined by a combination of the cylotron together with the parabolic
potential frequency. The corresponding trajectory of the crest projection differs from
the classical particle’s one, but significantly enough, by certain adjustment in the ini-
tial momentum either in the quantal or classical case the two trajectories can coincide.
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Graphite is a 2-dimensional carbon material which is naturally abundant. In
graphite, sp2-hybridized carbons are covalently bonded in a hexagonal manner, form-
ing individual graphene sheets bound together by van der Waals forces. Graphite has
been used in many industrial applications, such as lubricants [1] and high-temperature
gaskets [2]. Recently, it has received attention due to its superior in-plane proper-
ties [3,4]. It competes with carbon nanotubes in many ways. Its in-plane stiffness is
as high as that of carbon nanotubes (E ∼ 1 TPa), [4–6] and its electrical (σ ∼ 106
(ohm cm)−1) [7–9] and thermal conductivity (∼ 400 Wm−1K−1) [10] are also ex-
ceptional. The potentially high aspect ratio of single graphene sheets indicates that
graphene can greatly improve mechanical and gas barrier properties if it is well dis-
persed in the polymer matrix.
In this work, we report an efficient method for the preparation of poly(ethylene

terephthatale)/expanded graphite (PET/EG) nanocomposites by in situ polymeriza-
tion of PET in the presence of exfoliated graphite. By adjusting the feed ratio of PET
to EG, various composites with a graphite content of 0.025–0.4 wt% were obtained.
The effect of the presence of exfoliated graphite in the PET matrix on the electrical,
thermal and mechanical properties was studied by dielectric spectroscopy, differential
scanning calorimetry (DSC), dynamic mechanical thermal analysis (DMTA), thermo-
gravimetric analysis (TGA) and tensile testing. The morphologies of the nanocompos-
ites were examined using both SEM and TEM. Our studies showed that the electrical
conductivity and thermal stability of PET were notably enhanced by the introduc-
tion of EG. The value of the electrical percolation threshold was 0.05 wt% (EG). The
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crystallization behaviour of PET/EG nanocomposites was not significantly influenced
by the presence of graphite in the PET matrix.
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Common materials exhibit a positive Poisson’s ratio (PR) [1], i.e. they shrink
when stretched. Mechanically stable models [2] and thermodynamically stable phases
of model molecules [3] exhibiting negative Poisson’s ratio, i.e. expanding laterally
when stretched, have been known for more than two decades. Materials with negative
Poisson’s ratio, first manufactured in 1987 [4] and termed auxetics [5], have since
attracted increasing interest [6].
For stable isotropic materials, PR cannot be lower than −1. Materials that sat-

isfy this condition, further referred to as perfect auxetics, preserve their shape when
stretched. Although such materials are not known in nature, as yet, some model struc-
tures exhibiting this unusual property have been described in the literature [2,7–10].
By applying finite pieces of these materials (‘particles’) as inclusions in matrices of
common materials, one can obtain composites exhibiting effective auxetic behaviour.
We present results of our recent analytic investigations and computer simulations

of two-dimensional model composites containing pieces of the structures described in
refs. [7,10], which can be easily manufactured (at least on a macroscopic level). Such
perfectly auxetic ‘particles’ (PAPs) can be built of circles, squares, or other rigid
bodies with ‘holes’ in which non-bendable rods (of diameters only slightly smaller
than the diameters of the holes) are placed [10]. The rods connecting the rigid bodies
play the role of constraints which keep the shape of any cluster intact when its volume
changes. In this presentation, our attention will be focused on composites containing
small PAPs, like trimers, tetramers and hexamers. Both isotropic and anisotropic
composites will be discussed.
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Binary and ternary liquid alloys of aluminum with 3d-, 4d-transition metals (TM)
demonstrate a specific feature of the structure factor which is known as a prepeak,
i.e. an additional peak at low values of the diffraction vector, at the left part of the
main peak. It is observed for various liquids and amorphous solids. In the literature
devoted to the structure of glasses it is also called the first sharp diffraction peak.
However, in liquids the prepeak is not sharp and usually it is observed as a small
shoulder on the left slope of the main peak. The existence of the prepeak is related
to the presence of an intermediate-range order in the system, i.e. a certain structural
organization of atoms, being beyond the nearest coordination sphere.
The present paper is devoted to examination of the prepeak origin in binary and

ternary liquid alloys of aluminum with 3d-metals. Liquid Al-TM (TM = Mn, Co, Ni,
Cu) [1], Al-Ni-TM (TM = Fe, Ni) [2], Al-Cu-TM (TM = Fe, Co, Ni) [3] alloys were
investigated by X-ray diffraction (MoK – radiation) and the reverse Monte Carlo sim-
ulation. An analysis of the RMC models was performed using the Voronoi-Delaunay
method. The prepeaks at 12<Q/nm−1< 20 were found in the total structure factor of
liquid Al-rich alloys of all the investigated binary and ternary systems. The intensity of
the prepeaks decreased considerably with an increase in temperature. We found that
the prepeak in the total S(Q) originated from the unique bonding between the TM-
TM pair, as could be confirmed by the corresponding Faber-Ziman partial structure
factors, STMTM(Q). The functions obtained from partial pair distributions showed
that R1(Al-TM) was the shortest nearest-neighbors distance that denoted a strong
interaction between Al and TM atoms and the presence of a chemical short-range
order (CSRO) in the melts. The high amplitude of the second peak in the gTMTM(r)
along with the shortest R1(Al-TM) indicated that the TM atoms were located in the
second coordination sphere of a portion of the TM atoms, thus suggesting a repulsion
of TM-TM first neighbors. The Bhatia-Thornton partial structure factors were calcu-
lated as well. The shoulder on left side of the first peak of the SCC(Q) was placed in
the region of the prepeak of the total S(Q) which confirmed the correlation between
the CSRO and the prepeak.
It was demonstrated by an analysis of structure models using the Voronoi-

Delaunay method that the topological ordering was accompanied by a chemical short-
range order in the case of binary and ternary Al-rich alloys with 3d-transition metals.
This led to the emergence of dense-packed polytetrahedral clusters, where the TM
atoms were localized at a distance of 0.4–0.5 nm in pentagon rings. The presence of
dense-packed polytetrahedral clusters with a specific chemical-short-order contributed
to the appearance of quasicrystal phases and their crystalline approximants.
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Developments in medical devices
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At Auxetics 2010 in Malta we presented a poster describing preliminary Finite
Element analyses of hip implant devices in which the stems exhibited auxetic proper-
ties. In this talk, further progress on hip implant devices and other biomedical device
applications in which the auxetic effect can be usefully exploited will be presented.
The presentation will include FE modelling and, where appropriate and available,
comparison with experimental testing of demonstrator materials and devices.
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This work presents separation of carbon nanotubes (CNTs) according to the num-
ber of walls. A mixture of CNTs containing single- and multi-walled carbon nanotubes
was synthesized via an alcohol assisted chemical vapor deposition process (CVD). The
raw material was purified from residual catalysts particles and amorphous carbon via
hydrochloric acid treatment and annealing, respectively. Afterwards, the structural de-
fects were removed by high temperature annealing under vacuum conditions. In order
to prepare a mixture CNTs for the separation process, the van der Waals interactions
were weakened by introduction of hydroxyl groups via a nitric acid oxidation process
followed by sodium borohydrate reduction. Then, the mixture of CNTs was dispersed
in a 2% sodium deoxycholate (DOC) solution in an ultra-sonication bath. The func-
tionalized sample was separated according to the number of walls via the gradient
agarose gel electrophoresis (GAGE) method and the density gradient ultracentrifu-
gation (DGU) technique. At each step of purification the sample was investigated via
Thermogravimetric Analysis (TGA) and Raman spectroscopy. After the separation
procedures the samples were analyzed via Raman spectroscopy and High Resolution
Transmission Electron Microscopy (HR-TEM).
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Water confined in a nanoscale environment exhibits unique properties and has been
the subject of much attention. There are at least 16 ice polymorphs of bulk water.
The phase diagram of ice exhibits many different crystal forms, depending on local
molecular correlations that influence the ordered arrangement of hydrogen-bonded
configurations. Some of these forms are found only at pressures above 100 MPa (e.g.
ice VII, VIII, IX, X and XI) and/or at temperatures below about 170 K (e.g. ice Ic,
IX, XI), while some (e.g. cubic ice Ic) are metastable in the bulk.
We report experimental results on the structure and melting behavior of ice con-

fined in multi-walled carbon nanotubes and ordered mesoporous carbon CMK-3,
which is the carbon replica of a SBA-15 silica template. The silica template has cylin-
drical mesopores with micropores connecting the walls of neighboring mesopores. The
structure of the carbon replica material CMK-3 consists of carbon rods connected by
smaller side-branches, with quasi cylindrical mesopores of average pore size 4.9 nm and
micropores of 0.6 nm. Neutron diffraction and differential scanning calorimetry have
been used to determine the structure of the confined ice and the solid-liquid transition
temperature. The results are compared with the behavior of water in multi-walled car-
bon nanotubes of inner diameters of 2.4 nm and 4 nm studied by the same methods.
For D2O in CMK-3 we find evidence of the existence of nanocrystals of cubic ice and
ice IX; the diffraction results also suggest the presence of ice VIII, although this is
less conclusive. We find evidence of cubic ice in the case of the carbon nanotubes. For
bulk water these crystal forms only occur at temperatures below 170 K in the case of
cubic ice, and at pressures of hundreds or thousands of MPa in the case of ice VIII
and IX. These phases appear to be stabilized by the confinement [1,2].
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Graphene has attracted great interest since its discovery in 2004. Owing to its
unique properties it is expected to be applicable in many fields such as nanoelec-
tronics, sensors, nanocomposites and nanomedicine. Furthermore, the interest has
broadened to the field of photocatalysis, recently. Here, we report a synthesis of
TiO2/graphene composite, where TiO2 were deposited on few-layer graphene. The
photocatalytic activity of the material was investigated by looking at the yield of
phenol decomposition and hydrogen generation. Graphene and TiO2/graphene were
characterized with High Resolution Transmission Electron Microscopy (HR-TEM),
Raman spectroscopy, X-ray Diffraction (XRD), Thermogravimetric Analysis (TGA)
and Infrared spectroscopy (IR).
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Lattice computer simulations of block copolymer melts are reported. Low-tempe-
rature lamellar ordering was determined on the basis of translation and rotational
diffusion, calculated for a variety of reduced temperatures. We present and discuss
the results obtained for both diblock and triblock copolymer melts. Moreover, we
consider the mechanical properties of triblocks by analyzing the bridging fraction as
a function of the reduced temperature.
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Models of smectic-C liquid crystal elastomers predict that it can display soft elas-
ticity, in which the shape of the elastomer changes at no energy cost. The amplitude
of the soft mode and the accompanying shears are dependent on the orientation of the
layer normal and the director with respect to the stretch axis. We demonstrate that
in some geometries the director is forced to rotate perpendicular to the stretch axis,
causing lateral expansion of the sample; a negative Poisson’s ratio. Current models
do not include the effect of imperfections that must be present in the physical sample.
We investigate the effect of a simple model of these imperfections on the soft modes in
monodomain smectic-C elastomers in a variety of geometries. When stretching parallel
to the layer normal (with imposed strain) the elastomer has a negative stiffness once
the director starts to rotate. We show that this is a result of the negative Poisson’s
ratio in this geometry through a simple scalar model.
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Developments in structural engineering design and technology necessitate the pro-
duction of new high-performance materials. One advantage of composite materials is
that they exhibit the highest qualities of their constituents and even certain qualities
that none of their constituents possess. For example, composites reinforced with aux-
etic fibers can be made from conventional materials [1]. Currently, auxetic composite
materials are attracting significant interest [2].
Materials exhibiting extreme elastic properties are closer to the boundary of ther-

modynamic stability than conventional materials. Large anisotropy, which triggers
auxetic behavior, is a very common feature of fiber-reinforced composites. Thus, it is
crucial to investigate the behavior of structural elements made of composite materials
lying near the boundary of thermodynamic stability.
In the present study, we build on the work discussed in [3] and, using the finite

element method, we analyze the stress-strain state of axisymmetric structures made
of highly anisotropic composite materials exhibiting auxetic properties. We demon-
strate the peculiarities of the stress and strain distribution in relatively thin-walled
axisymmetric structures made of a highly anisotropic material. One of the counter-
intuitive manifestations of the auxetic properties of the material is the rapid change
in the stress in the thickness direction.
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The paper presents the results of investigations on the morphology of S-phase
hard coatings obtained by reactive magnetron sputtering. The coatings were pro-
duced using different process parameters (various substrate temperature, total and
nitrogen partial pressure). Coatings 300–500 nm in thickness were obtained and they
had a columnar structure. Grains ranging from a few to tens of nanometers in size
were obtained depending on the deposition parameters (Figure 1). Depending on the
process parameters it was possible to obtain coatings with a strong [200] or [111]

Figure 1: Grains structure on coating surface revealed by AFM

Figure 2: Examples of diffraction patterns for coatings with different texture; XRD
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texture as well as coatings built of randomly oriented grains (Figure 2), which can be
crucial for their mechanical properties.
The grain size was evaluated using AFM studies and XRD analysis. The latter

was used to deremine the phase composition as well. The coatings structure was
investigated by means of scanning electron microscopy.
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The elastic properties of ionic monocrystals are studied rather intensively, how-
ever, their anisotropic Poisson’s ratios practically have not been studied systemati-
cally. This work partially fills that gap, as it is devoted to calculations of Poisson’s
ratios along basic crystallographic directions of simple (in terms of composition and
structure) ionic monocrystals with four types of lattices (B1, B2, B3, NaClO3) under
standard conditions, and varying temperature (LiF, NaCN) and pressure (CuCl).
Volume elasticity moduli and four Poisson’s ratios along three special crystallo-

graphic directions of the monocrystals of studied ionic compositions are shown in
Table 1. We note that the isothermal value B for NaClO3 (marked with ***) exhibits
a threefold decrease as compared to the adiabatic value for sodium chlorate. Data
provided by Voigt show that over a period of at least 35 years (NaClO3* in 1893;
NaClO3** in 1910; NaClO3*** in 1928) [1,2] he returned to his experiments study-
ing the elastic properties of the sodium chlorate monocrystal and obtained evidence
that c12 < 0 for this substance. A recent study [3] has found out that for NaClO3 c12
becomes negative in dynamic experiments as well, but not under room temperature
as in Voigt’s experiments – it becomes negative in dynamic experiments under the

Table 1: Volume elasticity modules and Poisson’s ratios in cubic monocrystals

Substance B (GPa) ρ〈100〉 ρ〈110,001〉 ρ〈110,110〉 ρ〈111〉
LiF 61.78 0.270 0.383 −0.039 0.118
NaCl 24.74 0.212 0.172 0.361 0.280
AgCl 44.12 0.376 0.232 0.614 0.432
NaCN 18.06 0.363 0.031 0.945 0.491
CsCl 18.25 0.202 0.142 0.438 0.309
TlCl 23.54 0.276 0.197 0.484 0.354
NH4Cl 17.78 0.156 0.088 0.524 0.331
CuCl 39.29 0.444 0.856 −0.070 0.345
CuBr 38.83 0.436 0.792 −0.024 0.340
CuI 35.51 0.406 0.707 −0.036 0.281
NaClO3 26.00 0.225 0.173 0.404 0.304
NaBrO3 30.18 0.238 0.204 0.346 0.286
NaClO3* 6.83 −0.511 −0.318 0.059 −0.059
NaClO3** 7.68 −0.477 −0.284 0.121 −0.013
NaClO3*** 7.83 −0.476 −0.284 0.121 −0.013
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temperature of about 260 K and 525 K. Such difference in the sign of the c12 constant
in static and dynamic experiments for the monocrystal of this substance is not clear
and requires further study. Anisotropic Poisson’s ratios appeared to be negative for
the direction 〈110〉 in the crystals of LiF, CuCl, CuBr and CuI. Absolute large pos-
itive Poisson’s ratios are found for sodium cyanide (ρ〈110,110〉 = 0.945) and cuprous

chloride (ρ〈110,001〉 = 0.856). Three anisotropic isothermal Poisson’s ratio for NaClO3
(according to Voigt’s data for cij) appeared to be negative, ρ〈100〉 being the most
negative.
The diagram of the baric dependence of Poisson’s ratios for cuprous chloride crys-

tals (Figure 1, room temperature) is atypical. First of all, we note that all Poisson’s
ratios at the structure transition point PcB3→B1 experience a discontinuity, which is
characteristic of a phase transition of the 1st kind. The dependence of the anisotropic
Poisson’s ratios ρ〈100〉, ρ〈111〉 and isotropic ρ on pressure is linear in both phases of
CuCl. Isotropic Poisson’s ratio under the critical pressure Pc in B2 phase of CuCl
approaches its extreme positive value.

Figure 1: Changes of Poisson’s ratios of CuCl crystal in the B3→B1 phases under pressure
1 – ρ〈100〉, 2 – ρ〈110,001〉, 3 – ρ〈110,110〉, 4 – ρ〈111〉, 5 – ρ (polycrystal)

Poisson’s ratios have significant dependence in the phase of conditionally low pres-
sure when P <Pc only when CuCl crystals are strained along the face diagonal 〈110〉.
At the same time, lateral strains for this direction have opposite signs and are almost
symmetrical. In the high pressure phase (P > Pc) of CuCl (B1) the linear changes
of Poisson’s ratios lead to approximately identical values and thus, in the vicinity of
P =15 GPa cuprous chloride crystal becomes elastically isotropic (or, at least, nearly
isotropic).
Conclusion: This work is devoted to the study of anisotropic ρ〈hkl〉 Poisson’s ra-

tios of 36 ion, ion-molecular and ion-covalent cubic crystals with the following lattice
types: B1 (NaCl), B2 (CsCl), B3 (ZnS, sphalerite) and NaClO3. The study was per-
formed under room temperature and atmospheric pressure. Relatively high positive
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Poisson’s ratios were found in crystals with essentially non-central interaction between
the ions (alkali cyanides, silver and copper halogenides). Four of the five isothermal
(static) Poisson’s ratios of the NaClO3 crystal (according to cij of Voigt) were nega-
tive, while all the adiabatic (dynamic) Poisson’s ratios of this crystal were found to
be positive. The dependence of the Poisson’s ratios on pressure for the CuCl crystal
was significantly different in the B3 (P < Pc) phase and in the B1 (P > Pc) phase.
As the pressure was increased in the 0−Pc (9.75 GPa) interval, a non-linear increase
of ρ〈110,001〉 (116%) and non-linear decrease of ρ〈110,110〉 (700%) was observed. The
Poisson’s ratio of isotropic CuCl under a pressure of Pc reached its maximum positive
value (ρ= 0.485), which is close to the extreme. At B3→B1 all the Poisson’s ratios
experienced a discontinuity. In the B1 phase the Poisson’s ratios vary approximately
linearly and near the pressure of P = 15 GPa the CuCl crystal is almost elastically
isotropic.
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Wear remains a limiting factor in the longevity of ultra-high-molecular-weight
polythelene components (e.g. for total joint replacement) and the magnitude and lo-
cation of the stresses can vary substantially (in particular, for total knee replacement).
A two-dimensional, plane strain elasticity solution for auxetic UHMWPE is modeled
as half space to study strain and contact stresses arising from flat-on-flat, curved-
on-flat, and curved-on-curved geometries. As it has been generally assumed that the
perfect conformity of flat-on-flat designs minimizes the contact stresses (e.g. between
the tibial and femoral components), the strains and contact stresses arising from these
contacts are compared for perfect conformity.
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Auxetics exhibit the unusual feature of becoming fatter when placed in tension,
and narrower when placed in compression. Therefore, they exhibit a negative Poisson’s
ratio, a counterintuitive behaviour that can impart many beneficial effects to macro,
micro and nanostructures. This behaviour is induced in a structure or material by
virtue of a specific combination of both its geometry and deformation mechanism.
Auxetic behaviour has been found to be scale-independent, and hence research on the
micro and nano levels can be applied to structures which are not a continuum, i.e.
structures on the macro-level. This study discusses various auxetic structures, systems
and material, some of which have been proposed and designed to be auxetic and
others that exhibit auxetic characteristics as a result of their fundability (tensegrity)
mechanism. A detailed study of the novel auxetic structure will also be discussed. The
application of the above to habitation-scale macro-structures in then studied. Further
applications of auxetics to structural engineering are then considered.
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Auxetics are systems which exhibit a negative Poisson’s ratio, i.e. get fatter when
stretched and thinner when compressed. This anomalous behaviour is manifested in
several honeycombs and cellular structures and may be explained in terms of various
geometry / deformation mechanism based models. In particular, it has been proposed
that auxetic behaviour may be obtained from re-entrant honeycombs which deform
through hinging and/or hinging of the cell walls [1], rotation of rigid units [2,3] as
well as mechanisms which involve selective removal of ribs in conventional honeycombs
(missing ribs model) [4]. This work investigates the effect that defects have in cellular
systems, in particular, how the removal of some structural unit within an auxetic
or conventional system affects the mechanical properties, in particular the Poisson’s
ratios.
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This paper deals with the applications of auxetic materials in the field of medical
devices and looks at the application of auxetics within patients or applied to patients
and to devices that are used in the medical field.
In particular the use of auxetic materials with biomedical sensors, mattresses,

surgical wire sutures, surgical non-slip braided suture material, dilator devices for
coronary angioplasty, origami-type surgical stents, dental floss, smart filters, smart
dressings, patches to release topical medication and auxetic artificial intervertebral
discs is discussed.
The exponential increase in patents granted worldwide for applications of auxetic

materials indicates that future developments in this field will be exciting especially in
biomedical applications.
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Thin film technologies which are based on silicon epitaxial lateral overgrowth
(ELO) made by liquid phase epitaxy (LPE) are the main subject of this paper. This
way of obtaining silicon layers can be easily used in photovoltaic applications. The
main advantage of this method is a possibility of applying poor quality silicon growing
substrates which decreases the costs of production, moreover liquid phase epitaxy
apparatus does not require complicated systems which is also economical. All of these
arguments lead to lowering the price of solar cells production.
We also made a special design of silicon epitaxial layers placed between two dielec-

tric films – SiO2 mask and anti-reflection coating causing light beam multi reflection
from SiO2-Si and SiNx-Si surfaces and increasing the optical way of light inside the
active layer. This increases the probability of absorption of light.
This work contains an analysis of the SiO2 dielectric geometry influence on ELO

thin films and solar photo-conversion efficiency. The layers used in our experiment
were obtained in an LPE process in the same thermodynamical conditions: start-
ing temperature of growth: 920◦C, temperature difference ∆T = 60◦C, ambient gas:
Ar, metallic solvent: Sn+Al and in different cooling rates: 0.5◦C/min, 1◦C/min,
0.75◦C/min. We also used 4 dielectric masks with different geometry: grid opened
in SiO2 along 〈110〉 and 〈112〉 directions on a p+ boron doped (111) silicon substrate
where silicon dioxide covers 65%, 68%, 75%, 80% of the silicon surface.
The results of our analyses show a correlation between efficiency and percentage

of SiO2 coverage on the obtained solar cells.
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We investigated a nano droplet composed of twenty mesogene molecules 4-n-alkyl-
4’-cyanobiphenyl (9CB) using the molecular dynamics (MD) technique (Figure 1).
The 9CB molecule geometry was calculated by the DFT method. We treated 9CB
molecules as rigid bodies, the intermolecular interaction was taken to be the full site-
site pairwise additive Lennard-Jones (LJ) potential. We calculated the radial and
orientational distribution functions in the temperature range from 100 to 350 K, as
well as the linear and angular velocity autocorrelation functions and their Fourier
transforms. The 9CB molecules in the bulk material had the nematic liquid crystal
phase in room temperature T =312 K [1]. We observed liquid crystal ordering in the
nanoscale system studied (Figure 2), up to its vaporization temperature.

Figure 1: Chemical formula of 9CB (4-n-alkyl-4’-cyanobiphenyl) molecule

Figure 2: Instantaneous configuration of (9CB)20 cluster at T = 120 K
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Clays and organoclays are currently the subject of intensive study as they promise
to play important roles in many areas of future technology ranging from medicine and
molecular electronics to civil engineering. In this work nanocomposites of spatially
confined liquid crystals between organo-clay nanoplatelets were investigated at tem-
peratures between 293 and 310 K by a fully atomistic molecular dynamics simulation
method. These nanomaterials may display unique properties intermediate between
those of molecular and macroscopic regimes [1]. We simulated the structural and
dynamical properties of 5CB molecules in nanoconfined space between organo-clay
montmorillonite (MMT) nanoplatelets with a small inclusion of surfactant molecules
octadecylbenzyldimethylammoniumchloride (B2) (Figure 1). We used the Van der
Waals potential to calculate the forces acting on each site of the mesogene molecule.

Figure 1: System instantaneous configuration at T = 300 K
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We calculated the linear and angular velocity autocorrelation function, radial dis-
tribution function, mean square displacement function, dipole moment correlation
function and second rank order parameter. Although there are some experimental
results of the system studied [2] the mechanism of molecular ordering in the layer is
still unknown. Our work may contribute to these investigations.
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The nitric oxide is known as one of the most important signaling molecules in
a mammal’s body. If only to mention that NO plays the key role in physiological
processes as an intracellular and intercellular messenger [1]. In the current work we
simulated the dynamics of NO molecules in pure water and also in a mixture of water
and water soluble fullerenol molecules (Figure 1). The simulations were fully atomistic
with intramolecular and intermolecular potentials. The striking difference between the
dynamics of NO in pure water and in the mixture was observed by calculating the
velocity autocorrelation function and the mean square displacement function of nitric
oxide molecules.

Figure 1: Snapshot of an instantaneous configuration of an ensemble consisting of fullerenol
and NO molecules in water (water molecules are not shown for clarity)
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The properties of molecules in nanoscale confinement are of great interest to biol-
ogy, geology and materials science. Molecular systems embedded in carbon nanotubes
are studied not only for fundamental reasons, but also for their potential importance
in practical applications in energy storage, nanoelectronic devices, chemical biosen-
sors, field emission displays and many others [1]. One important reason for studying
water inside carbon nanotubes is that it is a biomime, a model for ion channels and
mass transport through biological membranes [2]. The properties of water and other
polar molecules embedded in carbon nanotubes have been intensively studied exper-
imentally [3–5] and using computer simulation methods [3,6–10]. We performed all
atom molecular dynamics simulations to study the geometrical confinement effect and
interface interaction on the dynamical properties of ethylene glycol confined in single
walled carbon nanotubes of different chirality.

References
[1] D. Mattia, Y. Gogotsi 2008 Microfluid. Nanofluid. 5 289
[2] F. Zhu, K. Schulten 2003 Biophysical Journal 85 236
[3] A. Kolesnikov, J. Zanotti, C. Loong, P. Thiyagarajan, A. Moravsky, R. Loutfy, C. Burn-
ham 2004 Phys. Rev. Lett. 93 35503

[4] M. Rossi, H. Ye, Y. Gogotsi, S. Babu, P. Ndungu, J. Bradley 2004 Nano Lett. 4 989
[5] B. Kim, S. Sinha, H. Bau 2004 Nano Letters 4 2203
[6] Z. Dendzik, K. Gorny, Z. Gburski 2009 J. Phys.: Condens. Matter 21 425101
[7] J. Marti, MC. Gordillo 2002 J. Chem. Phys. 114 10486
[8] G. Garberoglio 2010 Eur. Phys. J. E 31 73
[9] Y. Lin, J. Shiomi, S. Maruyama, G. Amberg 2009 Phys. Rev. B 80 045419
[10] J. Kofinger, C. Dellago 2009 Phys. Rev. Lett. 103 080601

109



P14

Electromagnetically induced transparency

for system with double autoionizing levels

T. Bui Dinh, W. Leoński, V. Cao Long

Quantum Optics and Engineering Division
Institute of Physics, University of Zielona Góra
Prof. A. Szafrana 4a, 65-516 Zielona Góra, Poland

There are various papers concerning the problem of Fano resonance in nano-physics
systems. For instance, in [1], a model of two indirectly coupled tiny resonators has been
considered in the context of asymmetric Fano resonance. Similarly, the Fano effect
on photon statistics for a quantum dot-metal nano-particle has been discussed in [2].
Moreover, as has been recently shown in [3], metamaterial with double continuum can
exhibit the electromagnetically induced transparency (EIT) effect.
It has been the subject of much consideration since the first works concerning EIT

(for instance, see the classical paper [4]). This phenomenon is a result of quantum
interference between various transitions from one to other atomic levels. Such levels
can be configured in various ways forming cascade (ladder), Λ or V configurations,
whereas the transitions are induced by the probe and strong external fields. As a
result of such interference, the absorption and refraction may be eliminated. The
separate group of systems that can be a source of EIT phenomena are those involving
continuum states. In particular, models with autoionizing (AI) levels can lead to
various interesting interference effects. For instance, such interferences can lead to
the confluence of coherences phenomenon discussed in [5,6].
Quite recently, Raczyński et. al. [7] have shown that the EIT effect can be observed

for a Λ-like system, where the upper discrete level has been replaced by a structured
Fano continuum. As has been shown in [8], such continuum is equivalent to the flat
one interacting with a single AI level. In this communication, we concentrate on a
case when two AI levels are involved. As has been shown in [6], an additional AI level
can lead to quantum interferences that are absent for single AI level models. We also
show that for EIT such interferences lead to new interesting effects. Particularly, an
additional zero appears for the imaginary part of medium susceptibility χ – such a
zero leads to the vanishing of the considered medium’s absorption. We present derived
analytical formulas that enable us to investigate the dependence of susceptibility on
the parameters describing the AI system.

References
[1] Yun-Feng Xiao, Min Li, Yong-Chun Liu, Yan Li, Xiudong Sun, Qihuang Gong 2010 Phys.
Rev. A 82 (6) 065804

[2] A. Ridolfo, O. Di Stefano, N. Fina, R. Saija, S. Savasta 2010 Phys. Rev. Lett. 105 (26)
263601

[3] C. Wu, A. B. Khanikaev, G. Shvets 2011 Phys. Rev. Lett. 106 (10) 107403

110



P14

[4] S. E. Harris, J. E. Field, A. Imamoğlu 1990 Phys. Rev. Lett. 64 (10) 1107
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Laser lights are generally fluctuating in amplitude and phase. Due to the very com-
plicated (in many cases even obscure) microscopic nature of all the relevant relaxation
mechanisms, we model the laser lights by classical time-dependent random processes.
The dynamical equations involved in the considered problem become stochastic dif-
ferential equations. Except for some special cases, the obtaining of an exact solution
for such stochastic equations is a very difficult task. One of the most useful stochastic
models has been introduced by Wódkiewicz et al. [1–4] which is based on the so-called
pre-Gaussian process. It is composed of a finite number of independent telegraph sig-
nals mentioned above. The strength of the pre-Gaussian formalism derives from the
exact solubility of wide classes of stochastic equations.
In this communication, we will consider the Raman Ring Laser by using the

stochastic equation given in [5]. In consequence, we will obtain the so-called noise
reduction in this system: the Stokes output of this laser tends to stabilize under the
influence of a broad-band two-telegraph pre-Gaussian pump. This phenomenon has
been considered recently for the case of telegraph noise in [6].
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Auxetics are counterintuitive materials which become fatter rather than thinner
when uniaxially stretched. The first man-made auxetic was an auxetic foam which
was prepared by converting a conventional foam to an auxetic one using a thermo-
mechanical method [1]. Later, it was also proposed that a chemo-mechanical method
could be used for the same conversion [2]. In this work, the interaction between a
number of solvents and conventional polyurethane foam will be described. Such infor-
mation is very significant as it can be used to improve the chemo-mechanical method
used for the conversion of conventional foams to auxetic foams.
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Hydrated titanium dioxide is calcined in order to obtain TiO2 pigments in the
sulfate process. Rutile is formed as a result of the polymorphous transformation. Dif-
ferent modifiers are introduced into the calcination suspension. Modifiers are added to
obtain the required properties of the produced material, such as a suitable crystallite
size of individual phases, proper values of optical properties and photostability.
In the present work the influence of small amounts of B2O3, CeO2, Sb2O3, ZnO

and ZrO2 on the anatase-rutile phase transformation was determined. Solutions of
modifiers were introduced to the starting material which was technical grade hy-
drated titanium dioxide (HTD). The prepared samples were calcined isothermally in
the temperature range of 725–925◦C. The phase transformation kinetics of the ob-
tained samples was studied using XRD analysis. The activation energy of rutile crys-
tallization was estimated on the basis of the Johnson-Mehl-Avrami-Kozolog (JMAK)
equation.
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The behavior of water and other hydrogen bonded liquids in nanoscale porous
media is of great interest to biology, geology and materials science and has been
extensively investigated experimentally [1–6] and by means of computer simulations
[7–12]. Molecular systems embedded in carbon nanotubes are interesting both from
the scientific point of view and also because of their potential applications in energy
storage, nanoelectronic devices, chemical biosensors, field emission displays and many
others [13–15]. One important reason for studying water inside carbon nanotubes is
that it is a biomime, a model for ion channels and mass transport through biological
membranes [16]. We performed all atom molecular dynamics simulations for a glyc-
erol nanodroplet confined in non-polar m-xylene soft confinement to study the effect
of geometrical confinement and interface interactions.
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We performed all atom computer simulations of molecular dynamics of propylene
glycol and ethylene glycol confined in a ZSM 5 zeolite host matrix in order to study the
dipolar relaxation process characteristic in this system and compare it to the recently
published results for similar molecular systems confined in single walled carbon nan-
otubes [1,2]. There is some indication that a 1D chain of hydrogen bonded structured
molecules confined inside sub 1 nm channels is exposing the pure Debye characteristic
of dipolar relaxation [3,4], as opposite to more complex molecular structures confined
inside channels of larger diameters [1,2,5], which retain the stretched exponential
characteristic observed in bulk liquids. The structure of propylene glycol molecules
inside the channels of a ZSM 5 host system are 1D chains of single molecules, it is
also of interest to find out whether this system exhibits the pure Debye characteristic
as in case of water chains confined inside carbon nanotubes or it retains its stretched
exponential characteristic observed in the case of molecules confined inside channels
of larger diameters. We focused on the influence of the geometric confinement inside
ZSM 5 1D channels and interaction with the host system on the observed change
in the character of deviation from exponential relaxation, as well as on the thermal
activation characteristic of the process.

References
[1] Z. Dendzik, K. Górny, Z. Gburski 2009 J. Phys.: Condens. Matter 21 425101
[2] Z. Dendzik, K. Górny, W. Gwizdała, Gburski Z 2010 J. Non-Crystalline Solids 357 575
[3] J. Kofinger, C. Dellago 2009 Phys. Rev. Lett. 103 080601
[4] J. Kofinger, C. Dellago 2010 Phys. Rev. B 82 205416
[5] Z. Dendzik, M. Kosmider, M. Sokól 2008 J. Non-Crystalline Solids 354 4300

116



P20

Metal oxide nanoparticle arrays formed

in nanoreactors based on porous silicon

I. E. Gracheva, V. A. Moshnikov, A. S. Lenshin, V. V. Kuznetsov,
Y. M. Spivak, M. G. Anchkov

Microelectronics Department, Saint-Petersburg State Electrotechnical University
5 Professora Popova Street, 197376 Saint-Petersburg, Russia

Sol-gel sintering [1–3] in nano-and microvolumes are in focus of high interest for
theory as well as for application. Electrochemical methods could be used to obtain
nanoreactors for such proposes.
In this paper sol-gel process [4–7] produced nanovolumes of porous silicon of

a dendrite-type structure of pores. Samples of porous silicon [8] were obtained by
electrochemical anodization of monocrystalline silicon in HF solutions. Solutions-sols
based on semiconductors of n- type: metal oxides of Fe, Ni, Co, Sn, were introduced
in nanoreactors of such kind.
Solutions-sols were obtained on the basis of binary heterochain inorganic polymers,

whose atoms formed ion-covalent bonds between each other. The initial pre-courses
used for preparation of solutions-sols are easily hydrolyzed components. Such compo-
nents formed poly-molecules or poly-solvated groups due to interaction with water.
Tetraethoxysilane (TEOS, Si(OC2H5)4) was chosen to obtain nanostructured films
of silicon dioxide. TEOS solutions helped to improve film-forming qualities and the
ability to spread over the surface of porous silicon. Hydrolysis and polycondensation
of TEOS in the presence of inorganic salts of iron, nickel, tin and cobaltwere carried
out to obtain two-component oxide materials based on silicon dioxide.
The morphology study of porous silicon with embedded metal oxide nanoparticles

(Figure 1) was carried out by atomic force microscopy (equipment Ntegra Terma (NT-
MDT)). Porous silicon cross-sections were examined by scanning electron microscopy
(Figure 2). Also, experimental data of luminescence spectra are discussed in this
paper.
Studies of the electrical properties of nanomaterials based on porous silicon with

the introduced metal oxide nanoparticles were performed by using impedance spec-
troscopy. The impedance spectra were registered in the frequency range from 1 Hz to
0.5 MHz at a combined installation using impedance meter «Z-500 P» (OOO «Elins»).
This equipment allows nanostructures to be studied by impedance spectroscopy in
changing gas environment and temperature of gas detection.
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Figure 1: AFM image of porous silicon with embedded metal oxide nanoparticles

Figure 2: SEM image of porous silicon with embedded metal oxide nanoparticles
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A model of the elongated hexagonal dodecahedron, considered to be a three di-
mensional cellular system [1] is studied in detail. It is shown that this system may be
made to exhibit some very unusual mechanical properties, including negative Pois-
son’s ratio, zero Poisson’s ratio and negative linear and area compressibility. Such
behaviour of the system may be obtained from particular conformations of the model
and is scale independent. Results predicted from the derived analytical model com-
pare well to those obtained from numerical modelling showing that this 3D system
can exhibit zero Poisson’s ratios in one of its planes and positive or negative Poisson’s
ratios in other planes, depending on the geometry of the model.
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Auxetic materials exhibit the unusual property of becoming fatter when stretched.
This phenomenon has been predicted and/or discovered in various materials, including
zeolites. In this work, force-field based simulations are used to analyse the mechanical
properties and deformation mechanism for the aluminophosphate APD. In particular,
the crystal structure of APD is modelled using different force-fields which suggest
that this aluminophosphate may be auxetic in its (100), (010) and (001) plane, with
maximum auxeticity being predicted in its (010) plane for loading at 45◦ off-axis. The
nanolevel deformations occurring in APD at different stress levels were also simulated
and it is shown that a rotating quadrilateral mechanism is likely to be responsible for
the predicted auxetic behaviour in the (010) plane.
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In recent years, considerable advances have been made in the field of liquid crys-
talline polymers (LCPs), particularly those exhibiting a negative Poisson’s ratio. This
property arises from a mechanism that involves re-orientation of laterally attached
rod-like units which are aligned along the direction of the main polymer chain in the
unstressed state, and then rotate to the orthogonal direction in the stressed state.
This deformation mechanism gives rise to a lateral expansion due to an increase in
the inter-chain distance when the polymer is stretched. Here we present the results of
molecular mechanics and molecular dynamics simulations performed using the PCFF
force-field on such polymeric systems. These simulations suggest that when such poly-
mers are stretched along the direction of the main chain, the systems are conventional
at small strains but auxetic in some planes at higher strains. It was also found that
certain polymers got thicker in certain planes but narrower in others.
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Borates, molybdates, phosphites and phosphates have been widely tested as anti-
corrosive fillers in organic coatings. Currently, zinc phosphate is the most commonly
used anticorrosive phosphate filler. Nevertheless, few mentions about the harmful-
ness of zinc phosphate on the natural environment (mainly on naval organisms) have
been made. These are reasons for intensive research on chemical modification of the
mentioned phosphate mainly with Al, Ca and/or Fe.
The objective of these studies was to develop a preparation method of aluminum

calcium phosphate nanoparticles with the use of inorganic compounds as precursors.
Analytical-grade reagents were used. Phosphates were prepared by reaction of various
substrates either in an aqueous solution or in a suspension. The influence of process
parameters (molar ratio of substrates, concentration, temperature, pressure) on the
phase composition and properties of products was determined. The phase composition
of the obtained samples was studied using XRD analysis.
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High quality thin Si layers obtained from the liquid phase by the Epitaxial Lateral
Overgrowth (ELO) method can play a crucial role in photovoltaic applications. Later-
ally overgrown parts of a layer are characterized by lower dislocation density than the
substrate. The layer thickness and width depend on the technological conditions of
the LPE process, basically the growth temperature, the cooling rate and geometry of
the system (mask filling factor). Therefore, it is very important to find an optimal set
of growth parameters for obtaining very thin structures with maximum width (high
aspect ratio).
This paper presents a two-dimensional computational study of the epilayer inter-

face evolution for different conditions. The solute concentration in the Si-Sn solution
was determined after each time step in order to calculate the interface motion. A new
interface position was obtained by calculating the growth rate normal to the interface.
The growth rate was computed from the concentration gradients near the growing
surface. The Finite Element Method was used to solve the mass transport problem.

Figure 1: Adaptive mesh used to calculate concentration of Si in Si-Sn solution near growing
layer edge
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Simulations were carried out to obtain growth rates in the lateral and normal direc-
tion and the aspect ratio of epilayer for given conditions. The calculation results were
compared with the experiments.

Figure 2: Solute transport in solution near growing layer interface edge
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A nanocrystalline 0.95(Mn2O3)/0.05ZnO sample was prepared by coprecipitation
and calcination processes. The phase composition, determined by X-ray diffraction,
was dominated by the Mn3O4 phase, but a very low concentration of ZnMn2O4 phase
was also identified. The ferromagnetic resonance (FMR) investigation of the obtained
sample was carried out in the temperature range from liquid helium to room tempera-
ture (RT). The presence of an asymmetrical and very intense magnetic resonance line
was recorded in two different temperature ranges: one from 4 K up to 20 K, another
significant shift of the line from RT down to 41 K towards lower magnetic fields with
decreasing temperature was observed in both cases at low temperatures. A very good
fitting by two Lorentzian functions was obtained which suggested the existence of
anisotropy of magnetic interactions. The FMR spectra of the ferrimagnetic Mn3O4
phase dominated at low temperatures while strong magnetic interaction attributed to
ZnMn2O4 was observed at high temperatures. The correlated spin system could trans-
fer energy to the other spin system and the dipole-dipole broadening processes could
account for the disappearance of the FMR spectra of Mn3O4 below 41 K. A large
shift of the FMR resonance line arising from ZnMn2O4 ferrite suggested the existence
of a strongly coupled spin system. A theoretical model was constructed to explain the
experimental results. It was based on the stochastic version of the Landau-Lifshitz
equation for system magnetization.
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Samples of 0.05Fe2O3/0.95ZnO and 0.10Fe2O3/0.90ZnO were prepared and inves-
tigated using the ferromagnetic resonance (FMR) method. The samples were charac-
terized by the XRD method [1]. Figures 1 and 2 present the FMR spectra taken at
different temperatures for both samples. The temperature dependence of parameters
describing the FMR spectrum for both samples is shown in Figures 3–5. The FMR
parameters were calculated using the procedure described in [2]. Strong temperature
dependence was observed for three important parameters: apparent resonance field
(Hr), linewidth (∆Hpp) and amplitude. Essential differences between both samples
were recorded in the low temperatures range which could be accounted for by differ-
ences in concentration of magnetic nanoparticles. Strong differences observed for the

Figure 1: FMR spectra of 0.05Fe2O3/0.95ZnO registered at different temperatures
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resonance amplitude signal (Figure 5) in both samples were attributed to differences
in the blocking temperature of the a superparamagnetic state: Tb=150 K for the sam-
ple with a lower concentration, and Tb=170 K for sample with a higher concentration
of magnetic nanoparticles.

Figure 2: FMR spectra of 0.10Fe2O3/0.90ZnO registered at different temperatures

mm

Figure 3: Temperature dependence of FMR resonance fields of 0.05Fe2O3/0.95ZnO and
0.10Fe2O3/0.90ZnO samples
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Figure 4: Temperature dependence of FMR linewidths of 0.05Fe2O3/0.95ZnO and 0.10Fe2O3
/0.90ZnO samples

Figure 5: Temperature dependence of FMR signal amplitudes of 0.05Fe2O3/0.95ZnO and
0.10Fe2O3/0.90ZnO samples
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Transport properties of multicomponent vanadate oxides Ni2MV3O11 (M
(II) =Cr

and Fe) and M3Fe4(VO4)6 (M
(II) =Mg, Zn and Mn) were investigated by electrical

conductivity measurements.
All investigated compounds exhibited semiconducting behaviour. The two samples

of Ni2MV3O11 exhibited conducting properties that were two orders of magnitude
(a factor of 105, at room temperature) better than those of the three M3Fe4(VO4)6
samples (see Figure 1). Substitution of magnetic Fe(III) ions for magnetic Cr(II) cations

Figure 1: Log-log plot of the temperature dependence of resistivity for the five investigated
multicomponent vanadate oxides
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in Ni2MV3O11 resulted in a significant improvement of its electrical conductivity at
room temperature and led to a change in the activation energy. Very low conduc-
tivity was registered for the M3Fe4(VO4)6 samples in which the substitution of the
magnetic Mn(II) ion for the non-magnetic Mg(II) ion led to a significant decrease in
conductivity. M3Fe4(VO4)6, which contains various sublattices with magnetic ions
involved in competing magnetic interactions could provide a good opportunity for
a drastic change of M3Fe4(VO4)6 transport properties.
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S-phase coatings are hard and corrosion resistant and can be obtained by various
technological methods. The tested coatings were deposited by the reactive magnetron
sputtering method on a silicon substrate at 200◦C and 2 mTorr (∼ 0.26 Pa). The
tested coatings were about 500 nm in thickness. Coatings with different textures can
be produced depending on the deposition parameters. The most typical one is a tex-
ture in which S-phase columnar grains grow in the [100] direction perpendicular to the
substrate, as was the case in the present study (Figure 1). The S-phase demonstrates
magnetic properties which can be of high importance for its practical applications.
Figure 2 presents the FMR spectra of expanded austenite (S-phase) at room temper-
ature registered for different angles of a magnetic field external to the sample surface.
The first spectrum was registered perpendicularly to the sample surface. Strong asym-
metric resonance lines were recorded and strong angle dependence was observed. For

Figure 1: XRD spectrum of investigated sample
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Figure 2: FMR spectra taken at different angles of magnetic field external to sample surface:
(a) 0◦ ¬ θ¬ 60◦, (b) 65◦ ¬ θ¬ 80◦, (c) θ= 85◦, (d) θ= 90◦

the angle 0◦ the resonance line was shifted toward the direction of the lower magnetic
field applied. This phenomenon is characteristic for magnetic nanoparticles small in
size. An opposite effect was observed for greater angles. Additional lines appeared in
the FMR spectra for a magnetic field forming an angle between 80◦ and 90◦.
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Methane decomposition on nanocrystalline iron promoted with small amounts
of calcium, aluminum and potassium oxides was studied. Iron nanocrystallites were
bridged by promoters. The carburization process was carried out in a differential
tubular reactor with thermogravimetric measurement of mass changes. The carbur-
ization was investigated for a reduced iron catalyst with pure methane at the temper-
ature of 650◦C under atmospheric pressure during several different carburizing levels.
The carburized samples contained nanocrystalline forms of iron carbide (Fe3C), iron
and graphite, what was evidenced by XRD measurements. Ferromagnetic resonance
(FMR) spectra of Fe3C were recorded at room temperature for samples subjected
to different carburization levels (see Figure 1). The FMR spectra strongly depended
on the concentration of graphite and stronger magnetic interaction was observed for
smaller concentrations of graphite.

Figure 1: FMR spectra of Fe3C/C for samples with different concentrations of graphite
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In previous work we have performed modelling and experimental investigations
into the effect of incorporating negative Poisson’s ratio particulate fillers on the me-
chanical properties of polymeric materials. The studies showed that the effective prop-
erties of the filled systems could be enhanced in terms of Young’s or shear moduli
when auxetic fillers were employed. Similarly, for high modulus auxetic fillers the po-
tential of developing filled systems with a negative effective Poisson’s ratio was also
shown to be achievable for realistic filler concentrations when a filler with a sufficiently
large negative Poisson’s ratio is employed. In order to reconcile the experimental and
theoretical mechanical responses it is important to understand the microstructure
of the real systems employed in the tests. This paper will, then, report on a re-
cent microscopy study, including element mapping, of an epoxy polymer filled with
α-cristobalite (auxetic silica) particles at a range of filler concentrations.
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Negative thermal expansion was achieved and tuned in the multifunctional Bi-
perovskites. The ferromagnetism-enhanced compounds (1−x− y)PbTiO3-xBi(Ni1/2
Ti1/2)O3-yBiFeO3, exhibiting zero thermal expansion, were developed by controlling
the chemical composition. The appropriate content of dopants Bi(Ni1/2Ti1/2)O3 and
BiFeO3 allowed one to control the thermal expansion and led to high thermal stabil-
ity in a wide temperature range. Ferromagnetism was improved by adding BiFeO3,
and the ferroelectric and piezoelectric properties were well retained in the solid so-
lution compound by doping Bi(Ni1/2Ti1/2)O3. The ceramics exhibited good mechan-
ical properties, such as high hardness and satisfactory fracture toughness due to
Bi(Ni1/2Ti1/2)O3 stabilizing the structure and reducing the internal stress. Various
desirable properties make this material multifunctional and promising for multiple
applications.
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Auxetic structures are increasingly finding application in engineering systems
on account of their unique mechanical properties. As an example, we present seat
structures, which reduce contact stress concentrations [2] owing to global auxeticity,
providing the sensation of physical comfort . Their advantageous properties also in-
clude effective packaging, and gentle energy absorption. Applications generally involve
large structural deformations, and are designed for either static or dynamic response
regimes.
The seat skeleton is composed of ‘springs’, which are based on auxetic frame struc-

tures designed similarly to the microstructure of auxetic cellular materials [1]. The
global mechanical seat properties are the result of spring geometry and its constituent
material. This geometry should ensure global spring stability and the possibility of
large deformations of its structure.
The structure is designed to work in two consecutive stages. At first, as an elastic

response at small deformations, the network deforms fairly uniformly. Then, under
increasing loading, local elastic collapse occurs, leading to an increased bending in

a) b)

c)

Figure 1: (a) Spring geometry, (b) deformation, (c) Mises stress map [MPa]

137



P33

the network. As the structural configuration evolves, new weak points are created
and high degrees of bending propagate throughout the structure, which results in
large deflections. Finally, the network collapses onto itself and self-contact between
frame elements results in a stiffening of the structure.
Computer simulations of the seat structure under typical static and dynamic load-

ing exerted by the human body were performed by means of ABAQUS FEA. The con-
sidered auxetic spring is shown in Figure 1. The structure is made of elastic polyamide
with the following material data: Young’s modulus E = 38 MPa, rupture modulus
R= 36 MPa, density ρ= 1.11 g/cm3.
Deformation and stress map for maximal uniform pressure load pmax = 0.072×

106 N/m2 is illustrated in Figure 1, panels (b), (c). Geometric nonlinear analysis
leads to load displacement paths presented in Figure 2.

a) b)

Figure 2: (a) load displacement curve, (b) auxetic behaviour of the compressed spring

The spring exhibits progressive elastic characteristics. Macroscopic pressure dis-
placement curves agree qualitatively with experimental results.
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In this communication, we show how the mutual information parameter (MIP)
can be applied as an indicator of quantum chaos. This parameter was defined in
an analogous way as in [1]. It can be expressed on the basis of the classical Wehrl
entropy [2]

S[α1,α2] = −
∫

dα1 dα2Q(α1,α2) lnQ(α1,α2)

where the Q(α1,α2) Husimi Q-function given by Q(α) = π
−1〈α|ρ|α〉. In fact, this

function is coherent state representation of the density matrix ρ, and the coherent
state is characterized by the complex parameter α= α1+ iα2. The entropy having
been defined in such a way, it is possible to derive the MIP in the following form

I[α1,α2] = S[α1]+S[α2]−S[α1,α2] ,

where

S[αi] = −
∫

dαiQ(αi) lnQ(αi)

is related to the function

Q(αi) =

∫

dαjQ(α1,α2) with i, j = 1,2 j 6= j .

It is possible to extend this formalism to cases where more variables are used. In
particular, instead of one-mode coherent state, |α〉, a two-mode one, |α,β〉= |α〉⊗
|β〉 is used, and hence, two complex parameters, α and β are considered. Such a
generalization gives us various possibilities to define the MIP parameters depending
on the choice of the variable used in the integration. Quantum chaotic behavior of
systems with a greater degree of freedom can be investigated. Hence, by comparing
the time evolution of quantum systems and their classical counterparts we are able to
extend our considerations to quantum hyper-chaotic systems. We believe that this is
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a considerable extension of the previous investigations of quantum chaos phenomena
where the fidelity [3,4] or Wigner function [5] were applied.
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Polyurethane foams are materials that can be found in most areas of life. They are
valued for their elasticity, durability and insulation properties. Foamed plastics have
versatile applications due to their being waterproof, lightweight, chemically neutral,
and exhibiting excellent damping properties.
By modifying the cellular structure of a foam, it can be transformed into an aux-

etic. Such materials are characterized by higher utility than traditional foam materials
currently used in transportation and automotive industry. These materials can po-
tentially increase safety in the case of a disaster and improve comfort during normal
operation. The differences in performance are caused by their basic physical property,
i.e. their negative Poisson’s ratio. Traditional foam polymer materials used nowadays
are characterized by a Poisson’s ratio ranging from 0.1 to 0.4. For auxetic foams,

a)

b)

Figure 1: Results of compression tests (80%), comparison of auxetic (a) and conventional (b)
foams
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a) b)

Figure 2: Damping characteristics of polyurethane foam samples: (a) N90HD (curves 6)
density 90 kg/m3; (b) comparison of the damping characteristics of the foam samples for an
impact velocity of 4 m/s; S28190 (curves 4), NVE65 (curves 5)

the Poisson’s ratio is usually within the range of −0.1 to −0.7. Due to this feature,
auxetic foams tend to expand in the transverse direction while under tension, and to
contract in the transverse direction while under compression. However, they exhibit
many other interesting properties that need to be examined.
Since there are plans to apply auxetic foams to crew and passengers seats in mil-

itary helicopters, their material characteristics under compression, as well as their
dynamic damping properties must be carefully examined. In order to obtain test
specimens, the Air Force Institute of Technology manufactured auxetic foams from
conventional open-cell foams available on the market, based on the methods known
from the literature. Also, the fatigue endurance test stand (MTS 810.23) was modified
for testing the stress-strain characteristics of obtained auxetic foams under compres-
sion. The abovementioned tests were conducted on both auxetic and conventional
foams of identical relative density (Figure 1). In the context of protecting military
crews against the consequences of air accidents, we carried out additional tests of the
dynamic damping properties of these foams (Figure 2). For this purpose, we used an
INSTRON chute stand for impact testing at the Motor Transport Institute in War-
saw. This article describes the test program, our assumptions and goals, as well as
interesting results.
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We investigated the phase behavior of copolymers consisting of three types of
segments A, B and S [1]. This simple model can be used to examine the self assem-
bly process in poly(styrenesulfonate-block-methylbutylene) (PSS-PMB) block copoly-
mer melts [2]. The sulfonated copolymers can be applied as, for example, composite
membranes that transport ions in energy-related applications such as batteries and
fuel cells. Thermodynamic incompatibility of the ionic and nonionic species leads
to microphase separation, resulting in the spontaneous assembly of conducting and
nonconducting domains. The purpose of this work was to investigate this process
in terms of the sulfonation level, length of chain and symmetry of copolymers [3].
In our simulations we used the Monte Carlo lattice simulations with the Coopera-
tive Motion Algorithm and both the standard Metropolis algorithm and the Parallel
Tempering method. We compared the simulations results with the experimentally ob-
served nanostructures reported by Balsara and co-workers [2,3]. Finally, we outlined
the phase diagrams for symmetric and asymmetric copolymers in terms of the vol-
ume fraction of S segments and temperature for different chain lengths and also in
terms of the volume fraction of a sulfonated subblock and temperature for a constant
sulfonation level.

Acknowledgements

P. K. and M. B. gratefully acknowledge the computational grant from the Supercom-
puting and Networking Center (PCSS) in Poznań, Poland and grant N N204 018938
from the Polish Ministry of Science and Higher Education.

References
[1] P. Knychała, M. Banaszak, M. J. Park, N. P. Balsara 2009 Macromolecules 42 (22) 8925
[2] M. J. Park, N. P. Balsara 2008 Macromolecules 41 (10) 3678
[3] X. Wang, S. Yakovlev, K. M. Beers, M. J. Park, S. A. Mullin, K. H. Downing, N. P. Bal-
sara 2010 Macromolecules 43 (12) 5306

143



P37

Structure and magnetic properties

of Mg-Zn nanocrystalline ferrites

A. V. Kopayev1, B. V. Padlyak2,3, I. P. Yaremiy1, V. S. Bushkova1,
A. Drzewiecki2

1Physical-Technical Faculty, Vasyl Stefanyk PreCarpathian National University
Shevchenko Str. 57, 76-000, Ivano-Frankivsk, Ukraine

2Division of Spectroscopy of Functional Materials
Institute of Physics, University of Zielona Góra
Prof. Szafrana Str. 4a, 65-516 Zielona Góra, Poland

3Sector of Spectroscopy, Institute of Physical Optics
Dragomanov Str. 23, 79-005, Lviv, Ukraine

Bulk Mg-Zn ferrites (MgxZn1−xFe2O4) reveal very interesting physical properties
and are widely used in microwave devices. The magnetic structure and properties of
Mg-Zn ferrites essentially depend on their chemical composition and cationic distribu-
tion caused by the technological conditions of the synthesis of samples. This especially
concerns Mg-Zn ferrite nanoparticles which have not been satisfactory investigated to
date.
The ferrite nanoparticles of the MgxZn1−xFe2±yO4 (x=0, 0.5, 0.532, 0.56, 0.588;

y = 0, 0.033) composition were obtained using the process of nanotechnology by the
sol-gel auto-combustion method. According to the results of the X-ray analysis, the
obtained powders of Mg-Zn ferrites consisted of one phase with a spinel structure.
The technological conditions of synthesis of Mg-Zn nanoferrites led to changes in
the nanoparticles size. The size of particles in the obtained Mg-Zn ferrite powders
measured using the Scherrer’s formula was in the range of 20–40 nm. The difference
thermal analysis (DTA) did not show any phase transitions in the obtained samples
of Mg-Zn ferrites at heating up to 1000◦C. The lattice parameters of the obtained
nanocrystalline Mg-Zn ferrites were lower than in nanopowders with the same com-
position, obtained using the ceramic method. In particular, a= 0.8407 nm for the
Mg0.5Zn0.5Fe2O4 sample obtained by the sol-gel auto-combustion method, whereas
a= 0.8420 nm for the same sample, obtained by the ceramic method.
Using the XANES (X-ray Absorption Near Edge Structure) method it was shown

that iron was incorporated into the crystal lattice of the Mg-Zn ferrite nanoparti-
cles in the trivalent state. The magnetic structure parameters of the Mg-Zn ferrite
nanoparticles were investigated using Mössbauer spectroscopy. Particularly, it was
shown that the area and parameters of the 57Fe3+ paramagnetic doublet, observed
in the background of the 57Fe3+ sextet of magneto-ordered phase, depended on the
technological conditions of nanopowders preparation.
The magnetic properties of Mg-Zn ferrite nanoparticles were investigated using

magnetic susceptibility measurements at low frequencies and ferromagnetic resonance
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(FMR) spectroscopy in the microwave range. The magnetic susceptibilities of all Mg-
Zn nanocrystalline ferrites showed a linear dependence on the reciprocal values of the
external magnetic field. The temperature dependencies of the magnetic susceptibility
and magnetization of the Mg-Zn ferrite nanoparticles were qualitatively similar to
the corresponding temperature dependencies of the bulk Mg-Zn ferrite samples. The
parameters (giromagnetic ratio, peak-to-peak derivative linewidths) and lineshapes of
the observed FMR signals were determined and analyzed in comparison with other
nanocrystalline and bulk ferrite samples. The magnetic properties and FMR spec-
tra were interpreted and discussed in the framework of modern theory of nanosized
antiferromagnetics.
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Models that involve quantum nonlinear oscillators are very often the subject of pa-
pers concerning nano-systems. For instance, it has been shown that a nano-resonator
with a moving mirror can be a source of various quantum states [1]. In particular,
as has been discussed in [2,3], such systems behave as quantum nonlinear oscillators.
Quite recently, investigations concerning nano-resonators have also involved models
with carbon nano-tubes (discussed for instance in [4,5]).
In this communication, we discuss a system of two quantum nonlinear oscillators.

They are coupled with each other and excited by an external parametric two-mode
process. This model differs considerably from that described in [6] where the system is
excited by external coherent field and the oscillators are coupled by internal nonlinear
coupling.
We show that if the external excitation is sufficiently weak, as we compare it with

the nonlinearity parameters, the system behaves as nonlinear quantum scissors [7,8].
In consequence, the system’s evolution remains practically contained within a finite
set of n-photon states. For the case discussed here, we can restrict our considera-
tions to vacuum, one-photon and two-photon states only. In fact, using the quantum
information theory language, the system behaves as a qutrit-qutrit one.
We show that if the system is initially in the vacuum state in modes corresponding

to both oscillators, generalized Bell states (GBS) [9] can be generated. Those states
can be expressed in a Fock basis as:

|Ψmn〉=
1√
D

D−1
∑

k=0

e2πikm/D|k〉⊗ |(k−n)modD〉.

They belong to the group of maximally entangled states and play a crucial role in the
quantum information theory.
If damping processes are included in our model, those states can be destroyed by

decoherence effects. In this communication we concentrate on this problem. We show
that such processes can lead to sudden entanglement death (SED) [10,11] and sudden
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entanglement birth (SEB) [12,13] effects. This means that the entanglement vanishes
(SED) after a finite period of time during the system’s evolution and then rebuilds
again (SEB).
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We investigated the band structure of Fe-based superconductors using the first-
principle method of the density-functional theory. We calculated the band structure
and the density of states at the Fermi level for ReFeASO (Re = Sm, Dy, Ho, Er) su-
perconductors. Our calculations indicated that the maximum critical superconducting
transition temperature, Tc, would be observed for compounds with Sm and Er.
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The process of production of filtration mats of various thickness by the electro-
spinning method is presented in the paper. PVC and PVDF were used as the material
for production of the nanofibrous mat. The physical background of electrospinning
lies in utilization of electrical forces for generating shear stress on the surface of a vis-
cous liquid, usually a polymer solution, flowing from a capillary nozzle. Under this
stress, the jet becomes thinner, and finally thin fiber is formed after solvent evapo-
ration. The electrospinning method has been applied for production of nanofibrous
mats made from polymer material.
The filtration of nanoparticles and submicron particles is an important problem in

industry and health protection in most of the air-conditioning and ventilation systems.
Application of nonwoven fibrous filters made of a nonwoven nanofibrous filtration mat
is a promising way which could solve this problem. The experimental results of in-
vestigation of mechanical properties of nanofibrous filtration mats and the removal
efficiency of submicron-particles from gas are also presented, showing potential ap-
plication in air-conditioning systems and/or ventilation ducts. One of the media to
be removed in the presented experimental results is cigarette smoke. Cigarette smoke
particles are about 1 µm in diameter. Particles of this size are particularly difficult
to remove from the flow by a conventional method, for example, by a cyclone or an
electrostatic precipitator. The efficiency of removal of cigarette smoke submicron par-
ticles and TiO2 nanoparticles from flowing air was measured in a small laboratory
channel. The efficiency was calculated from the concentration of particles measured
at the inlet and the outlet of the channel. The concentration was determined by the
optical microscope technique (for submicron particles) and the nanofibrous mat was
examined under scanning electron microscope EVO 40 produced by ZEISS.
The experimental results presented in the paper show that a nonwoven nanofi-

brous filtration mat has good filtration efficiency for nano-and submicron particles,
by a pressure drop similar to HEPA filters.
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Vanadium has various oxidation states. It is the reason why vanadium can produce
a number of oxide forms, like VO, VO2, V2O3, V2O5 and others. It can also exist as
a mixture of different forms of oxides [1,2]. A variety of forms and interesting tech-
nological applications are the reason why vanadium oxides have been widely studied
in recent years. It is especially V2O5 that is an oxide form with interesting electrical
and optical properties in the field of optical filters, electrochromic and photocatalysis
applications [2,3].
In this paper structural and optical properties of vanadium oxides thin films, as-

deposited and post-annealed in air (at 673 K), are presented. Thin films with 200 nm
in thickness were deposited from a vanadium target on fused silica substrates by
the microwave-assisted magnetron sputtering method. The samples were deposited
in plasma containing a mixture of Ar-O2 gases at three different partial pressures of
oxygen: 3 · 10−4 Torr, 5 · 10−4 Torr and 9 · 10−4 Torr. The gas mixture total pressure
was in the range from 4.2 · 10−3 Torr to 4.8 · 10−3 Torr.
The structural properties of the films were obtained using X-ray diffraction and

Raman spectroscopy. It was shown that thin films were amorphous directly after de-
position. After 2 hours of the annealing process at 673 K, the results of measurements
revealed the V2O5 crystalline phase. Optical measurements showed low transmission
(lower than 10 %) in the visible spectra range for as-deposited samples prepared un-
der low oxygen partial pressure. The dark brown color indicates that the as-deposited
samples were oxygen deficient. As a result of thermal treatment at 673 K the transmis-
sion increased up to 20 % and 35 % at 650 nm wavelength for the samples prepared
under 3 · 10−4 Torr and 5 · 10−4 Torr of oxygen partial pressure, respectively. The
change in the optical transmission after the annealing process was not evident in case
of the sample prepared under the highest oxygen pressure. The optical band gap and
refractive index were calculated based on the transmission and reflectance measure-
ments. The correlation between structural and optical properties of thin films and
oxygen pressure during deposition is discussed.

Acknowledgements

The authors wish to thank Ms. Karolina Sieradzka from the Wroclaw University of
Technology for her assistance during the investigations. We also would like to thank

150



P41

Professor George Kiriakidis from the Institute of Electronic Structure and Laser,
Foundation for Research and Technology-HELLAS for help and much advice.

References
[1] L. J. Meng, R. A. Silva, H. N. Cui, V. Teixeira, M. P. dos Santos, Z. Xu 2006 Thin Solid
Films 515 195

[2] S. B. Wang, S. B. Zhou, X. J. Yi 2004 Vacuum 75 85
[3] C. V. Ramana, O. M. Hussain, S. Uthanna, Srinivasulu Naidu B. 1998 Optical Materi-
als 10 101

151



P42

Structural investigations of sol-gel derived

lithium titanate thin films

M. Łapiński, B. Kościelska, W. Sadowski

Department of Solid State Physics, Gdańsk University of Technology
Narutowicza 11/12, 80-233 Gdańsk, Poland

Li1+xTi2−xO4 systems have been recently widely studied due to interesting prac-
tical applications. It is especially the superconducting properties of the Li1+xTi2−xO4
spinel system that are very interesting and have been the subject of numerous inves-
tigations [1,2]. Nowadays much attention is also focused on a new field of applications
such as electrodes for rechargeable lithium-ion batteries [3,4].
In this paper structural investigations of lithium titanate thin films are presented.

Thin films 800 nm in thickness were deposited by the sol-gel method on quartz
glass substrates. Lithium acetate, tetrabutyl titanate, etanol and glycol were used
as reagents for sol-gel synthesis. Smooth thin film was obtained using spin coater
equipment. After deposition the samples were dried at 100◦C for 10 hours and then
calcined at different temperatures in the range of 500◦C – 800◦C. Both the drying
and calcinating processes were conducted in argon atmosphere.
The structures of the manufactured thin films were investigated using X-ray

diffraction. The measurements showed a nanocrystalline structure of the films. The
most visible lithium titanate phase was obtained for 20 hours annealing at 550◦C.
Increasing the temperature above 600◦C revealed the appearance of a rutile phase.
A correlation between the temperature and time of calcination and the structure
of manufactured films is shown.
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The reaction yield of catalytic ammonia decomposition depends on many factors,
such as gas phase composition, morphology and composition of the catalyst surface.
The aim of the present study was to prepare cobalt catalysts doped with chromium

and to examine the influence of the dopants on the specific surface area, thermosta-
bility of the catalysts under reduction conditions and their activity in ammonia de-
composition. The catalysts were characterized by ICP, H2-TPR, BET and XRD. Am-
monia decomposition was preceded by reduction at 600◦C under atmospheric pres-
sure. Catalytic ammonia decomposition was investigated under the atmosphere of
a ammonia-hydrogen mixture and atmospheric pressure. Ammonia concentrations,
and thus nitriding potentials, were varied gradually from 0 to 100% at the inlet of the
reactor. The temperature was varied in the range of 450–600◦C.

Figure 1: H2-TPR profiles of cobalt catalysts modified with chromium

A small addition of chromium led to an increase in the reduction temperature of
cobalt catalysts, cf. Figure 1.
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The efficiency of multilayer organic light-emitting diodes (OLEDs) depends on the
layer thickness. The external quantum efficiency, power efficiency, and luminous effi-
ciency of OLEDs, as well as their operational voltage and operational current density
strongly depend on the thickness of the emitting layer (EML) and of the hole injection
layer (HIL). The EML of the investigated OLED consisted of blue-emitting DSA-ph
(1-4-di-[4-(N,N-di-phenyl)amino]styryl-benzene) as a dopant (5 wt.%) and dipheny-
lanthracene derivative 9,10-di(2-naphthyl)anthracene (ADN) as host. The hole injec-
tion layer (HIL) was 2-TNATA doped with F4-TCNQ, the hole transport layer (HTL)
was 10 nm-thick NPB, and the electron transport layer (ETL) was 20 nm-thick Alq3.
The thickness of the EML varied between 15, 25, 35, 50, and 70 nm, whereas the thick-
ness of the HIL varied between 95, 85, 75, 60, and 40 nm, while the thickness of the
other layer (HIL and EML, respectively) was kept constant at 110 nm. Low operating
voltage was obtained from the OLED with 15 nm-thick EML. The threshold voltage
increased with an increase in the thickness of the EML layer. The highest luminous
efficiency (14 cd/A) was obtained for 35 nm-thick EML, whereas the lowest (11 cd/A)
was obtained for both the 15 and 70 nm-thick EMLs. The highest external quantum
efficiency of 6.2% was obtained for 35 nm-thick EML, whereas the lowest (4.2%) was
obtained for 70 nm-thick EML. The highest power efficiency of 8 lm/W was obtained
for the 15 nm-thick EML, whereas the lowest power efficiency was obtained for both
70 nm-thick EML.
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An effective micromechanical model is formulated to reveal the macroscopic me-
chanical properties of auxetic honeycombs. We assumed that macroscopic mechanical
behavior can be inferred from the deformation response of a representative volume
element, where the cell struts are idealized as beams. The complementary energy of
the unit cell was calculated by applying a uniform stress tensor to the beam skeleton.
The effective flexibility matrix of auxetic honeycombs was thus obtained by averaging
the energy in the equivalent continuum. Furthermore, the yield strength of auxetic
honeycombs was also derived on the basis of the modified plastic hinge theory, which
is also dependent on the axial stress. A novel honeycomb with auxetic behavor was
finally constructed in order to verify the efficiency of the present model. The effec-
tive mechanical constants of the theoretical model, such as the Young’s modulus,
shear modulus, Poisson’s ratio and the shear strength were in agreement with the
predictions of the finite element method.
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The main point of a hierarchical self-assembly [1,2] is synthesis of initial construc-
tive “blocks” of different sizes and shapes and their further integration. A hierarchical
self-assembly can be a multilevel one, when the integrated blocks are basic elements
for larger consolidations (with a larger interaction radius).
In this work the possibility of creation of hierarchical porous nanocomposites by

self-assembly in sol-gel processes in conditions of spinodal decomposition and phase
separation is shown. Three pore types created during the process – macropores, meso-
pores and micropores – can have different functions (nanoreactors with different cap-
illary phenomena, canals for reaction products delivery and withdrawal, adsorption
centers etc.). It is determined that self-assembly managing in sol-gel-processes [3,4]
allows one to control the structure and gas-sensitive properties of hierarchical porous
nanostructures based on metallic oxides.
Sol-gel processes were supplemented with template synthesis methods. Hierarchi-

cal porous nanocomposites were modified with water-soluble fullerene derivatives –
fullerenols C60,70(OH)n [5] – which were burnt later. We used fullerenol-d obtained by
direct synthesis in which hydroxyl groups (OH) and a small quantity of other groups
(e.g., [Cn(OH)XOY ](ONa)Z) can exist, for insertion into semiconductor nanomateri-
als based on metallic oxides with a hierarchical porous structure. We investigated the
sensitivity of adsorption-type gas sensors based on nanocomposites, obtained by the
sol-gel method, due to insertion of fullerenols as a modifying additive.
The surface morphology diagnostics of nanomaterials synthesized from sol solu-

tions in presence of a precursor based on tetraethoxysilane was conducted with the
use of atomic force microscopy. Probes with cantilever as a beam with a rectangular
section were used for the diagnostics of patterns surface in this work.
Nanocomposites specific surface area measurements were taken with the use of

a Sorbi analytical instrument by the thermal desorption method. A thermal conduc-
tivity sensor was a detector of the gas mixture composition. The thermal conductivity
sensor signal is a desorption curve; its area is proportional to the volume of gas being
desorbed. The specific surface area of porous nanocomposites was calculated according
to the model of Brunauer, Emmett, and Teller.
The diagnostic method for structures obtained in the conditions of hierarchical

self-assembly and modified by fullerenols was suggested. The method concludes in
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variable frequency electrical action [6] applying to nanomaterials in conditions of
gas-reagent and detecting temperature changing. Preliminary investigations show the
increasing reaction of modificated structures on water vapors in comparison with non-
modified materials.
It was determined that semilogarithmic frequency dependences of the current-

voltage phase shift for hierarchical nanocomposites illustrated two maximums with
two closely spaced relaxation times. Two peaks which have various forms depending on
gas environment and detecting temperature are evidence of the presence of a various-
dimension pore system in nanomaterials that offers a challenge for the diagnostics of
systems with a hierarchical structure.
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Thin films of ZnxCd1−xTe solid solutions of the thickness of ca. 1 µm are used in
the production of X-ray detectors. The strong dependence of the parameters of the
crystal lattice of these compounds on their composition leads, however, to the forma-
tion of mechanical tensions in their heterostructure. Figure 1 shows a Zn0.1Cd0.9Te
layer on a CdTe(111)B substrate with ∆a/aCdTe = 0.55%. This picture shows a net-
work of dislocation lines, crossing at an angle of 60◦, oriented on the (010) surface.
These lines are the results of the relaxation of mechanical tensions in the interface.

Figure 1: Topology of a Zn0.1Cd0.9Te/CdTe heterostructure surface

In this study, we perform the analysis of phase equilibrium in a ZnxCd1−xTe/CdTe
heterostructure. Also, we present the analysis of the kinetics of growth of such layers.
The theoretical description of the surface growth process takes into account the anal-
ysis of thermodynamical equilibrium with respect to the spring deformation of the
interface and polyassociative compounds of the liquid phase [1,2]. The process of mass
transfer in the direction of the interface follows the diffusion-limited crystallization
model – both with and without the conditions of preserving of phase equillibrium.
Figure 2 presents the experimental data as a function of the mole composition of
ZnxCd1−xT e layer (1) taking into account the deformation energy and (2) neglecting
the deformation energy.

158



P47

Figure 2: Experimental data and the results of mole composition modeling of ZnxCd1−xTe
layer (1) with the deformation energy and (2) without the deformation energy

The results of our computations and experiments were obtained at a crystaliza-
tion temperature of T =550◦C and the supercooling of solution of ∆T =100◦C. Better
agreement between the theory and experiment was observed when the elastic defor-
mation of the interface was taken into account.
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Yttrium is a typical phase stabilizer in zirconia materials. The content of yttrium
determines the phase composition and influences the luminescent properties, as well
as the yttrium to rare-earth metal ratio [1]. Terbium was chosen from the rare earths
owing to its ability to form the Tb3+ ion, the luminescence emission of which is in
the visible spectral range [2]. Systematic research is necessary in order to find which
part of the excitation energy is transferred to Tb3+ luminescence centers. Enhancing
the luminescence intensity of doped zirconia materials will pave the way for a new
generation of semiconductor light sources. Powders exhibiting a narrow grain size
distribution were synthesized and their luminescence intensity was investigated. The
concentration of terbium was fixed at 0.5, and the concentration of yttrium varied from
0 to 10 molar percent. Yttrium content was correlated with luminescent properties. We
found the composition corresponding to the brightest luminescence and the optimal
excitation wavelength for obtaining the highest intensity. The phase composition of
the powders varied in a common way, as a function of yttrium content. The mean
crystallite size decreased with an increase in the concentration of the stabilizer in
a very narrow range from 5 to 8 nm.
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Sulphur dioxide is emitted mainly as a component of exhaust gases from vehicles,
and industrial and power plants. In order to reduce the emissions of this toxic gas,
various absorption, adsorption and catalytic methods are applied. Catalytic methods
are the most useful, because they generate a useful commercial product – sulphuric
acid.
In this work we study the elimination of sulphur dioxide from gases on modified

nanocarbons (carbon nanotubes containing platinum).
A nanocarbon product containing iron carbide crystallites, carbon nanotubes and

amorphous carbon was synthesised using chemical vapor deposition (CVD) through
the catalytic decomposition of ethylene on nanocrystalline iron. After hydrogen treat-
ment of the pristine material, we obtained multi-walled carbon nanotubes with crys-
tallites of metallic iron. Reduction under hydrogen resulted in the removal of amor-
phous carbon and the decomposition of iron carbide to iron and methane. The next
step was to decorate the carbon nanotubes with platinum in order to obtain NCHPt
(catalyst).
This process was carried out by passing 10 dm3/h of a gas mixture of SO2, O2,

N2, containing 1.0 vol.% SO2 at 300–400
◦C. The flow of the gas mixture was fixed

Figure 1: Temperature dependence of the mass of the SO2 removed on the Pt/CNTs catalyst

161



P49

at 10 dm3/h using a mass flow meter. The glass reactor was heated in an electric
furnace, where the volume of the sample was 5 ml and the height of the catalyst bed
was ca. 12 mm.
Figure 1 shows the dependence of the mass of the removed SO2 on temperature.

The inlet concentration of SO2 was 1.0 vol.%. Between 300 and 400
◦C, the efficiency of

the process increased with temperature, and the best results were obtained at 400◦C.

162



P50

Con-flow monolithic silica microreactor

functionalized with gold nano-particles

K. Odrozek1, W. Pudło1, A. B. Jarzębski1,2, J. Malinowski1,
K. Maresz1, J. Mrowiec-Białoń1,2

1Departament of Chemical Engineering, Silesian University of Technology
M. Strzody 7, 44-100 Gliwice, Poland

2Institute of Chemical Engineering, Polish Academy of Sciences
Bałtycka 5, 44-100 Gliwice, Poland

The application of microreactors in synthesis of fine chemicals appears to be a very
effective technical approach. In addition to the clear advantages of diminished sizes in
microchannel devices the surface-to-fluid volume ratio of the fluid entity may even be
increased 500 times and this greatly improves productivity, saves energy and expensive
catalysts [1,2].
Here we propose a new microreactor made of monolithic silica, functionalized

with gold nano-particles (NPs) for application in selective oxidation reactions and
demonstrate its good performance in glucose oxidation to the gluconic acid.
The reactor was constructed by embedding seven rods (3× 40 mm) into a poly-

meric cylinder, connected to headers with suitable ports. The silica rods featured an
extensive system of meso (20 nm) – and flow-through macropores (ca. 30 µm) and
they were synthesized by combining the liquid crystal templating method and phase
separation [3]. Gold NPs were introduced onto the silica surface using a colloidal-
deposition method [4]. The surface of the monoliths was modified with thiol/amine
groups and/or alumina before deposition.
The con-flow monolithic microreactor performances were compared with those

obtained by crushing monoliths and functionalizing the powder obtained in the same
way.
The structural and chemical characteristics of the materials obtained were in-

vestigated using nitrogen adsorption at 77 K, transmission and scanning electron
microscopy, dynamic light scattering and X-ray diffraction.
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Carbon nanotubes (CNTs) have potential applications in many fields, e.g. as elec-
tron emitters in field of emission displays, scanning probe microscopy tips and sensors.
These materials can also be applied as fillers in polymer composites, since the addition
of CNTs to the polymer matrix improves the mechanical properties of the composite.
Pristine nanotubes are insoluble in many liquids, such as water and most solvents,
therefore, they are difficult to disperse in the polymer matrix. To make nanotubes
more easily dispersible in liquids, functionalization is performed. This process consists
in attaching molecules or functional groups to the sidewalls of carbon nanotubes.
For oxidative modification of CNTs, gas or liquid-phase oxidation can be applied.

Various acids can be used as oxidants in the liquid phase. Oxidation generates func-
tional groups, such as −COOH, −OH, −C=O and eliminates metal particles. Another
method for the functionalization of carbon nanotubes consists in modifying the surface
of CNTs with halogens: fluorine or chlorine.
In this paper, we present the modification of carbon nanotubes by chlorination,

which enables the purification of multi-walled nanotubes (MWNTs) from metal impu-
rities and the functionalization of the surface of carbon nanotubes. The raw material
was obtained by decomposition of ethylene on nanocrystalline iron or iron-cobalt cat-
alyst at 700◦C. Chlorination was performed in the gas phase for 2 h. X-ray photoelec-
tron spectroscopy (XPS) confirmed the presence of chlorine species on the surface of
the chlorinated samples. The quantitative analysis of the content of metal impurities
was confirmed by thermogravimetric analysis. The phase composition of the samples
was determined by X-ray diffraction and the morphology of carbon nanomaterials was
studied by transmission electron microscopy.
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Carbon nanotubes (CNTs) can be synthetized by chemical vapor deposition
(CVD). CVD consists in the catalyst-assisted decomposition of carbon-containing
compounds. This is the most popular method and can produce carbon nanotubes on
a large scale. The product of the synthesis contains not only carbon nanotubes but
also numerous impurities, e.g. amorphous carbon and metal particles.
In order to purify CNTs from carbon impurities, oxidation must be carried out

under air or steam atmosphere or using oxidizing agents, e.g. nitric acid, potassium
permanganate or hydrogen peroxide. The separation of carbon nanotubes from cat-
alyst traces is usually carried out using the acid reflux method in the presence of
acids. An alternative method of purifying CNTs from metal particles is by microwave
heating.
In this work, we present an approach which uses microwave-assisted acid digestion
for the purification of multi-walled carbon nanotubes obtained by the decomposition
of ethylene at 700◦C on a bimetallic iron-cobalt catalyst. The carbon material was
immersed in a Teflon vessel filled with nitric or hydrochloric acid, either directly after
the synthesis or after subsequent treatment under air atmosphere. Subsequently, the
entire content was placed in a microwave-heated reactor. Experiments were carried out
under pressures ranging from 15 to 30 at for 15 min. We investigated the influence
of the type of acid, its concentration, pressure in the reactor and the preliminary
treatment of the raw sample on the degree of removal of catalyst particles.
The phase composition of the samples was studied by X-ray diffraction. Trans-

mission electron microscopy was applied to determine the morphology of carbon. The
amount of catalyst particles in the samples after purification was determined by ther-
mogravimetric analysis.
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In stochastic calculations, such as Monte Carlo simulations, only positions or con-
figurations of particles are generated and therefore the kinetic temperature (the av-
erage kinetic energy per degree of freedom) cannot be calculated. In this case, the
temperature is often an input quantity, which cannot be verified directly during the
simulations. The concept of configurational temperature may offer a solution to this
problem.
In the presentation, the expressions for the configurational temperature will be

investigated from the point of view of their utility as a diagnostic tool for Monte
Carlo (MC) simulations. The simulations were performed for systems of spherically
symmetric particles in the bulk, and in a narrow channel geometry. Different densities
and system sizes were considered. It is shown that the configurational temperature
based on the ratio of two averages of the force functions can serve as a suitable
method for calculating the temperature for an MC simulation. Furthermore, it is
demonstrated that this configurational temperature can signal the presence of random
number correlations and can serve as a cross-check formula in the studies of strongly
confined systems. The possible utility of the configurational temperature in the studies
of small particle clusters will also be mentioned.
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Technological progress requires new advanced polymeric materials with precisely
defined complex architectures. The synthesis of such materials is challenging and
requires a better understanding of the polymerization processes. One of the most
powerful methods for the synthesis of well-defined polymer materials with complex
architectures is controlled radical polymerization (CRP), and atom transfer radical
polymerization (ATRP) in particular. Compared with conventional radical copoly-
merization, where initiation is slow and chain growth is very fast, CRP processes
allow better control of molecular architecture and yield gels with preserved chain-end
functionality and more homogeneous structure.
In this work, we use the dynamic lattice liquid model (DLL) in order to simu-

late ATRP copolymerization of a monomer and a divinyl cross-linker. We present the
structural properties of randomly cross-linked polymers obtained for various initial
cross-linker/monomer ratios in bulk polymer and diluted ATRP systems. During dif-
ferent ATRP experiments we found that this simple model allows to predict the gel
point, which was in good agreement with experimental data. Moreover, it is able to
predict the effect of the solvent dilution on the gel points. Molecular weights, polydis-
persities and the effect of intramolecular cyclization can be modeled as a function of
time and monomer conversion. We also discuss the source of the discrepancy between
the results obtained with the DLL method and the mean-field theory.
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At present the requirements concerning the quality of single crystals and epitaxial
layers of CdZnTe which are widely used as active elements of IR and optoelectronic
devices as well as radiation dosimetry are sufficiently increased. Thus, the efforts of
technologists are directed towards the development and updating of crystallization
methods of high quality materials with the required parameters.
Cd1−xZnxTe films of the solid phase content of x=0.015–0.15 mol.fr. and thickness

of > 10 µm were grown in a closed vacuum system in the 480–580◦C temperature
interval from a tellurium solution (more than 98% of Te) by liquid phase epitaxy
(LPE). The supercooling temperature range was 15–50◦C. The growth time was 30–
60 min. Chemically polished (surface roughness of less than 0.1 µm) single-crystalline
CdTe plates, 20 mm in diameter, orientation (111), were used as substrates. When
the growth of the epitaxial films had ended, a special procedure of removing the
growth solution was used. Experiments were carried out to select the liquid phase
composition in order to obtain CdZnTe films of the abovementioned composition in
the given interval of growth temperatures. The point when there was no substrate
melting in contact with the growth solution was chosen as the correct crystallization
onset temperature whereby planar growth of the layer was achieved.
The kinetic model of layer crystallization was based on the diffusion-limited crys-

tallization model. The kinetics analysis results were data on interconnections of the
growth temperature compositions of the liquid and solid phases, the super-cooling
values and the layer growth rates. Based on the theoretical and experimental data,
taking into account the stresses arising in CdZnTe/CdTe heterostructures due to the
mismatching of the layer-substrate crystal lattice parameters, the surface of a coherent
diagram of the Cd-Zn-Te system in the tellurium angle was constructed.
The degree of perfection of the grown Cd-Zn-Te layers was investigated using X-

ray diffraction methods (the Berg-Barrett method and reflection which were obtained
in (111) symmetrical geometry of diffraction for CuKα-radiation). The analysis of the
results showed that the grown films were single-crystalline, following the substrate
orientation, and the rocking curve halfwidth (FWHM) was monotonically increased
from 40 arcsec (0.015 Zn mol.fr.) up to 200 arcsec (0.1 Zn mol.fr.). In topographs
(reflection 422) the appearance of the 60◦” network of dislocation mismatching was
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clearly seen which was determined by the presence of mechanical stresses in the system
which led to the tension of the lattice of crystalline layers.
The microhardness of the heterostructures in question was investigated for the first

time by the Vickers method with the indenter loading of P = 0.05 N. A monotonic
increase in the microhardness from 360 (0.015 Zn mol.fr.) up to 3.90 MPa (0.1 Zn
mol.fr.) was observed. The obtained microhardness data were different from the refer-
ence data on the microhardness of the initial components, i.e. CdTe and ZnTe single
crystals and solid solutions made on their base [1].
In our case the crystal lattice strengthening effect during the introduction of zinc

was explained by the microstress effect near the film-substrate interface.
The dopant-defect influence on the parameters of the freshly-grown CdZnTe films,

in comparison to the substrates, was investigated by the Auger spectroscopy method
and by low temperature (of 5 K) photoluminescence method. A laser was used as the
source of excitation of photoluminescence in the 1.5–1.7 eV energy interval He-Ne.
It was only one dominating line that was observed in the photoluminescence spec-

tra. The line was connected with the annihilation of excitons which were bound to
deep donors (D◦X) and acceptors (A◦X). Its intensity was almost 20 times higher
than that for other lines and its halfwidth (FWHM) −2.5 meV which was observed
for the best bulk crystal and for film samples obtained by the different methods (HPB,
MBE).
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Conventional electron magnetic resonance (EMR) techniques utilize magnetic
fields B ≤ 1.5 T and microwave frequencies ν ≤ 36 GHz, which are suitable for tran-
sition ions exhibiting small or moderate zero-field splitting (ZFS) [1–3]. These tech-
niques can hardly be applied to spin systems exhibiting large ZFS, e.g. 3d4 (V+, Cr2+,
Mn3+, Fe4+) and 3d6 (Mn+, Fe2+, Co3+, Ni4+) ions with spin S = 2 in crystals [4].
Instead of conventional X/Q-band EMR, these ions require novel high-magnetic-field
and high-frequency EMR (HMF-EMR) techniques [5–8], e.g. employing swept fields
up to 25 T combined with multiple sub-THz frequencies [5]. Due to rapid progress in
HMF-EMR techniques in the last decades, a vast amount of experimental data has
been accumulated, which still awaits theoretical explanation.
The orthorhombic spin Hamiltonian (SH) parameters have recently been deter-

mined [5] for Fe2+ ions in ferrous ammonium sulfate hexahydrate Fe(NH4)2(SO4) ·
6H2O [FASH]. This system belongs toa series of compounds with the chemical for-
mula FeM∗Z∗H2O, where M∗ = F2, Cl2, (NH4)2(SO4), and Z∗ = 4, 6. Theoretical
explanation of experimentally observed spectroscopic properties of Fe2+ (S = 2) ions
in these systems was provided by crystal-field (CF) theory and the microscopic spin
Hamiltonian (MSH) theory [1–3]. The MSH approach [9,10] was applied to corre-
late HMF-EMR data with the microscopic parameters, i.e. spin-orbit coupling λ,
spin-spin coupling ρ, energy level splittings ∆i, and mixing coefficients q(s). Com-
prehensive modeling of ZFS parameters (in the extended Stevens notation, bqk, and
in conventional notation, D, E) and Zeeman electronic gi-factors was carried out
using the MSH/VBA (Visual Basic for Applications) computer package. This pack-
age is capable of plotting the values of the ZFS parameters versus the input val-
ues λ, ρ, ∆i [9]. The variation of the ZFS parameters was studied taking into ac-
count the reasonable ranges of the microscopic ones suitable for Fe2+:FASH and re-
lated systems. Our analysis indicates the importance of fourth-rank ZFS terms and
spin-spin coupling contributions. Modeling of SH parameters may aid the theoretical
interpretation as well as the simulation of HMF-EMR experimental data for these
complexes.
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The influence of the size-effect on phase transitions in ferroelectrics has acquired
a great impetus in the last two decades resulting from the technological need for
smaller and faster devices. The experimental techniques in the search of nanostruc-
tured ferroelectrics rely on the ability to create new types of structures. A well known
method among different methods of nanosized ferroelectric fabrication is introducing
ferroelectric materials into porous matrices [1, 2].
Triglycine sulphate TGS nanocomposites of different sizes (24 to 624 nm in di-

ameter) were prepared by the simple water solution method which relies on filling
nanovoids in porous matrices by a ferroelectric material [3]. After crystallization the
sample surfaces were polished mechanically to remove small TGS crystals. The di-
electric properties of nanometer-sized TGS samples were investigated in the wide
frequency range from 0.1Hz to 3MHz, and the temperature range including the ferro-
electric phase transition. The pyroelectric measurements were carried out after earlier
polarization by an external electric field. The pyroelectric current measurements in
a wide temperature range were performed during the heating process. On the basis
of dielectric and pyroelectric measurements a phase diagram (the phase transition
temperature vs. the reverse mean value of the ferroelectric size) was created. The re-
sults showed that the ferroelectric phase transition temperature of TGS was strongly
affected by the size of nanocrystals. It was observed that size effect was strongly non-
linear and in agreement with the theoretical predictions for crystals with polarization
rising at surface (negative extrapolation length) [4,5]. It is worth noting that such
dependence has been observed experimentally for the first time.
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The size effect leads to a change in the macroscopic physical properties of nanos-
tructured materials (NSM). There are different methods of NSM preparation and one
of them is embedding substances into the pores of various porous media, for example,
porous glasses. This contribution is devoted to a study of the dielectric response of
NSM on the base of porous glasses containing embedded potassium nitrate (KNO3).
We used porous glasses with average pore diameters of 320 (PG320), 46 (PG46)

and 7 (PG7) nm as the matrix. The dielectric properties were studied in the frequency
range of 0.1–10 MHz and in the temperature interval of 273–590 K. The rectangular
flat plates of porous glasses were filled by melted KNO3. After filling, the surfaces
of the samples were cleaned to remove the bulk material and dried at 370 K for
2 hours to remove any possible remnant water. Sputtered gold was used as electrodes.
The temperature dependences of dielectric permittivity, ε′, on heating and cooling

Figure 1: Temperature dependencies of ε′ for KNO3 within PG320, PG46 and PG7
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at 90 kHz for all types of samples are presented in Figure 1. It is shown that ε′ for
NSM is essentially higher than for the bulk and increases more than 10 times with
the decreasing pore diameter. The phase transition (PT) temperatures increase for
KNO3 from the low-temperature to high-temperature paraelectric phase within PG46
and PG7 on heating.
The phase transition temperatures decreased for KNO3 from the ferroelectric

phase to the low-temperature paraelectric phase within PG46 and PG7 on cooling.
We did not observe any anomalies in ε′ corresponding to the transition from the high-
temperature paraelectric phase to the intermediate ferroelectric phase on cooling for
all samples, but preliminary neutron diffraction studies of the crystal structure evolu-
tion of these NSM showed that this PT was realized. A decrease in the average pore
diameters led to essential smearing of all the observed PT. The temperature depen-
dencies of the parameters of relaxation processes and the input of DC conductivity
were determined from an analysis of the dielectric response. The existence of a relax-
ation process with an anomaly of dielectric strength in the region of the ferroelectric
PT was shown. The analysis confirmed the supposition that the giant effective di-
electric response was due to nonhomogeneous conductivity. The activation energies
of relaxation processes were estimated.
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Micro- or nanoflower is a self-organized planar or 3D microstructure resembling
a macroscopic biological form known as the flower. In recent years, microflowers have
drawn the attention of scientists not only due to their aesthetic features, but also
because of powerful potential applications owing to their high specific surface area.
The term ”nanoflower” was probably used for the first time by Yan Qiu Zhu et al. in
their papers published in 1998 and 1999, although ”cauliflower-like” structures had
been mentioned in many earlier papers. Microflowers can be formed by using various
standard methods applied in microfabrication or in nanotechnology and built from
almost all metal, ceramic or polymer materials as incomplete growth or as a part of
a bulk product. As each flower has its own structure and no two of them are identical
(like two snowflakes) the microflower building process cannot be exactly reproducible
but the general form of the structure remains the same for the same material and for
the same process parameters.
In the paper we analyzed the morphology of carbon flower-like microstructures

produced in electrically generated plasma in a mixture of cyclohexane with argon
as the carrier gas. The supply voltage used for plasma generation ranged from 5 to
25 kV, and the discharge current, from 1 to 5 mA. The physical properties of carbon
structures were analyzed with scanning electron microscopy, Raman spectroscopy, and
X-ray diffraction.
The Raman spectrum emitted in the range from 1000 cm−1 to 1700 cm−1 revealed

the following peaks: 1192 cm−1, 1309 cm−1, 1486 cm−1 and 1598 cm−1, correspond-
ing to carbon Dand G-bands that indicate a hexagonal graphite-lattice structure and
the existence of a large quantity of carbonaceous impurities. The X-ray diffraction
measurements showed that the carbon structures obtained during the discharge were
partially crystalline and partially amorphous. The values of 26.5◦, 28.5◦, 32.3◦, 47.5◦

were recorded in peaks at 2θ. An XRD peak at 2θ = 26.5◦ corresponds to the 002
plane of graphite which is in good agreement with the Raman spectroscopy investiga-
tions. Other peaks at 2θ= 35.7◦ and 38.4◦ correspond to Si (which was the detector
substrate), and the peak of 2θ = 32.3◦ is of unknown origin. The elemental analysis
was used to identify the weight percentage of carbon and hydrogen in synthesized
deposit. The analysis confirmed that carbon was the dominant element in the prod-
uct, with C – 98.7 wt.% and H – 0.9 wt.%, the rest was N and O absorbed from the
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atmosphere (comparing to cyclohexane of C – 85.7 wt.%, H – 14.3 wt.%). It is there-
fore evident that highly carbonized products can be obtained from decomposition of
cyclohexane in electrically generated plasma.
For aesthetic reasons the produced microflowers were referred to the actual biolog-

ical species. An example of a carbon microflower similar to the Red Peacock (Brassica
oleracea) is presented in the Figure 1.

a) b)

Figure 1: (a) Soot deposit on stainless steel substrate, discharge current 4 mA, cyclohexane
concentration 4 wt.%; (b) Red peacock (Brassica oleracea) [www.jungleseeds.com/images/]
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Two types of samples of agglomerated cobalt and nickel magnetic nanoparticles
coated with carbon dispersed in a paraffin matrix were studied. The temperature
dependence of the FMR (ferromagnetic resonance) spectra was recorded in the tem-
perature range from 100 K to 300 K.
Both the samples showed a very intense and broad asymmetric FMR resonance line

arising from cobalt and nickel nanoparticles. However, for the nickel sample, in spite of
a structure similar to the cobalt sample, a quite different FMR spectrum and tempera-
ture dependence were obtained. In order to calculate the values of magnetic resonance
fields and linewidths, the FMR spectra were fitted by summing up Lorentz curves rep-
resenting absorption and dispersion functions. The differences in the recorded FMR
spectra and their temperature dependence were explained by an analysis of magnetic
interactions as well as taking into account the influence of the paraffin matrix on
active ionic displacements.
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A novel class of compounds combining molecular magnets with ferrimagnetic iron
oxide nanoparticles was synthesized. The purpose was to examine the effect of the
magnetic properties of γ-Fe2O3 on the magnetic properties of its partner. In this re-
port we describe the magnetic resonance behaviour of Mn2+ bound as an MnCl4

2− an-
ion to γ-Fe2O3 through a betaine (Me3N

+-CHCOO−) spacer. Nanosize γ-Fe2O3 was
prepared according to the precipitation method using FeCl3.6H2O and FeSO4.7H2O
in the 2:1 mole ratio. After isolation and washing the γ-Fe2O3 nanoparticles were
dispersed in water and treated with betaine. The solid γ-Fe2O3-betaine was dispersed
in ethanol containing a few drops of HCl. MnCl2 was added to this solution.
The obtained sample was investigated by using an X-band electron paramagnetic

resonance (Bruker E 500) spectrometer in the 90-300 K temperature range. The reg-
istered spectra are presented in Figure 1.

Figure 1: Magnetic resonance spectra of the investigated sample registered at different tem-
peratures in the 90–300 K range
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The spectral lines were slightly asymmetric and they were attributed to the γ-
Fe2O3 nanoparticles in a superparamagnetic state. Following the method proposed
by Kliava [1] the registered spectra were fitted by two lines with lineshapes obtained
from the solution of the Landau-Lifshitz equation. These two component lines were a
result of magnetic anisotropy of the γ-Fe2O3 nanoparticles. As an example, a compar-
ison of the experimental and fitted spectra at T =120 K is presented in Figure 2. The
fitting allowed s to determine the intrinsic resonance fields, linewidths and integrated
intensities for both spectral components at different temperatures. The two obtained
resonance fields (280 and 345 mT) did not vary in the studied temperature range.
This behaviour was in contrast to the usually observed decrease in the resonance field
with lowering temperature for typical nanoparticles embedded in a non-magnetic ma-
trix [2]. On the other hand, two linewidths showed a pronounced temperature variation
(Figure 3). On lowering the temperature the linewidths increased significantly.

Figure 2: Experimental (black) and fitted (red) spectra of the investigated sample
at T = 120 K

Figure 3: Temperature dependence of linewidths of two fitted components

The temperature dependence of integrated intensity (calculated as an area under
the absorption curve) displayed the Curie-Weiss-type of behaviour, I(T )=C/(T −T0),
with T0 =−33.2 K. This indicates the existence of strong antiferromagnetic interac-
tions in the studied sample.
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Figure 4: Temperature dependence of integrated intensity (left axis) and reciprocal of inte-
grated intensity (right axis) for investigated sample
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In recent years, the research on multicomponent oxides systems has been inten-
sified in order to obtain new materials with interesting electric, magnetic or cat-
alytic properties. The basic studies on the ternary V2O5-Nb2O5-Sb2O4 system showed
that oxides in the solid state in air formed an unknown compound with the formula
Nb2 SbVO10 [1]. This compound was obtained by heating the mixture V2O5/Sb2O4/
Nb2O5 (in the molar ratio of 1:1:2) in air at temperatures up to 750

◦C according to
the equation: V2O5(s) + 2Nb2O5(s) + Sb2O4(s) +

1
2O2(g) = 2Nb2SbVO10(s). The com-

pound Nb2VSbO10 can be also obtained by heating an equimolar mixture of SbVO5
and T-Nb2O5 according to the equation: Nb2O5(s) + SbVO5(s) = Nb2 SbVO10(s) [2].
The new compound Nb2VSbO10 was stable in air up to 880

◦C and then melted in-
congruently with a deposition of solid Nb9VO25. It crystallized in the orthorhombic
system with the following unit cell parameters: a= 0.328143 nm, b= 0.458946 nm,
c= 1.22476 nm, (Z = 1) [2].
The electron paramagnetic resonance (EPR) study of Nb2SbVO10 was carried out

on a conventional Bruker E 500 X-band continuous wave equipped with a TE102 cavity
with 100 kHz modulation. The temperature variation studies in the 7–300 K range
were performed using an Oxford ESP300 continuous-flow helium cryostat. The EPR
spectrum registered in the high temperature range is presented in Figure 1.
A comparative study with a standard VOSO4 ·5H2O sample with a known number

of spins was performed to estimate the number of spins in the Nb2SbVO10 sample
participating in the resonance. Assuming that vanadium ions in the Nb2SbVO10 com-
pound could be only in 4+ (EPR active) or 5+ (EPR inactive) valence states it was
calculated that only 5.2% of the vanadium ions were magnetic and thus in the 4+
valence state. This concentration of magnetic ions was much larger than in the pre-
viously studied SbVO5 compound [3,4]. The knowledge of concentration of magnetic
ions might be important in estimating the compound’s catalytic activity as minority
magnetic ions often play a dominant role in such activity.
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Figure 1: Observed spectrum of Nb2VSbO10 (continuous line) at T =290 K and its two main
components: isolated V4+ ions (dashed line) and the broad line (dotted line)

The EPR spectrum of Nb2SbVO10 in the high temperature range could be decom-
posed on three components: a broad signal in the range of g≃ 2 without a hyperfine
structure (hfs), partially resolved hfs lines typical of isolated vanadium ions in axial
symmetry and a weak line near 2800 G. The broad line without hfs could be attributed
to a mobile electron hopping along the V4+-O-V5+ bond. The hfs could be substan-
tially suppressed or even disappear due to various interactions of electronic spins
with their surroundings. One such interaction occurs via a super-exchange through
the oxygen bridge of an electron between aliovalent vanadium centers. The second
component usually displays two sets of eight lines, partially overlapping, attributed
to the interaction of electron spin (S = 1/2) with nucleus 51V (I = 7/2, abundance
99.75%). This spectrum could be satisfactory described by an axial spin Hamiltonian
of the form H = β[g‖BzSz + g⊥(BxSx+BySy)] +A‖SzIz +A⊥(SxIx+SyIy), where
the symbols have their usual meaning. Fitting the registered spectrum by using the
SimFonia program allowed us to obtain the following values of the spin Hamiltonian:
g‖ = 1.907, g⊥ = 1.947, A‖ = 164.6 G, A⊥ = 43.5 G. These values did not show any
significant temperature dependence. The third component displayed very anisotropic
behavior. It shifted significantly with temperature, reaching the lowest resonance field
of 2800 G at 200 K.
The temperature dependence of EPR integrated intensity of the whole spectrum

was studied to reveal magnetic interactions in Nb2SbVO11. Figure 2 presents the
reciprocal of integrated intensity vs temperature. Two temperature regimes are ob-
served: in the high temperature range, (T > 120 K), this dependence is described by
a Curie-Weiss law, IEPR=C/(T −Tcw), with Tcw =−82.8 K. In the low temperature
range (below 120 K) the same dependence is registered but with different Curie-Weiss
temperature, Tcw =−10.86 K. As both Tcw are negative it follows that an effective
antiferromagnetic interaction dominates in the magnetic system of Nb2SbVO10.
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Figure 2: Temperature dependence of reciprocal integrated intensity of Nb2SbVO11;
the straight lines are the least square fits for low and high temperature ranges
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Eight samples containing γ-Fe2O3/ZnO magnetic nanoparticles dispersed at con-
centrations of 0.05 and 0.1 wt.% in a PEN-b-PTMO multiblock copolymer were pre-
pared and investigated using the DTA/DSC and FMR methods. The FMR spectra
of the obtained samples were registered at room temperature (Figure 1). The FMR
parameters (resonance field, linewidth, integrated intensity) were calculated (Table 1).

Figure 1: FMR spectra of all investigated samples at room temperature

A comparison with the previously studied similar nanocomposites [1,2] allowed
drawing conclusions about the magnetic interactions of Fe2O3/ZnO nanoparticles in
a PEN-b-PTMO polymer.
The resonance field shifted towards a smaller magnetic field with an increase in the

Fe2O3 content in nanoparticles. A similar trend was observed for the linewidth which
increased with an increase in the Fe2O3 content. The integrated intensity increased
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Table 1: FMR parameters of investigated samples

initially with an increase in the Fe2O3 content, but a sharp drop was registered for
the 90%Fe2O3/10%ZnO sample. This was connected with a decrease in the ZnFe2O4
content that produced the magnetic response of our samples.
Figures 2 and 3 present DSC thermograms and TGA response of an undoped PEN-

b-PTMO polymer and this polymer with a 0.1 wt.% content of 80%Fe2O3/20%ZnO.
The melting temperature was slightly affected by a low concentration of magnetic

Figure 2: DSC scans of PEN-b-PTMO polymer containing 0.1% of 80%Fe2O3/20%ZnO (left
axis) and TGA measurements in air (right axis)

Figure 3: DSC scans of PEN-b-PTMO polymer containing 0.1% of 80%Fe2O3/20%ZnO (left
axis) and TGA measurements in argon (right axis)
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nanoparticles. The thermal and thermo-oxidative stability values of PEN-b-PTMO
composites were examined by the TGA response in air and argon. Three distinct
stages of degradation were observed in air, while only two steps were registered in
argon.
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In recent years, much attention has been paid to nitride and oxynitride thin films,
and to VN films in particular, due to their extreme hardness, wear resistance, excellent
oxidative stability, corrosion resistance and high-temperature stability [1]. Moreover,
VN exhibits interesting electrical and superconducting properties (transition tem-
perature of ∼ 9 K) [2] and can be used in several microelectronic applications. The
addition of even a small amount of silicon oxide to VN films improves their supercon-
ducting properties [3]. For future applications, it is crucial to know whether and how
the VN/SiO2 molar ratio and the film thickness influence the properties of VN films.
This paper is devoted to the structural analysis of xVN-(100−x)SiO2 (x=90, 80,

70, 60 mol%) thin films by means of X-ray absorption spectroscopy (XAS). Thermal
nitridation with ammonia at 1200oC of sol-gel derived xV2O3-(100− x)SiO2 coat-
ings was used as the preparation method of the films. The microporous structure of
the coatings enabled both the significant incorporation of nitrogen and its homoge-
neous distribution in the film. After this process, we obtained regularly shaped VN
nanocrystals dispersed in SiO2 amorphous matrix (their average diameter dependent
on the VN/SiO2 ratio). For thus prepared VN-SiO2 thin films (of various composi-
tion and thicknesses), we collected near-edge (XANES) and extended (EXAFS) X-ray
absorption fine-structure spectra at V K-edge (5465 eV). The XAFS experiment was
performed at XAFS 11.1 beamline station at ELETTRA. The measurements were car-
ried out at liquid-nitrogen temperature and at room temperature using fluorescence
geometry (thin films contained very small amounts of vanadium photoabsorbing ions
and are supported on a 1mm-thick silica glass plate). A detailed structural informa-
tion about the local vanadium environment in the samples and its correlation with
the addition of SiO2 and the film thickness was obtained by EXAFS data analysis
using the GNXAS method [4]. Spectra of the reference samples (V foil and vanadium
pentoxide) were also analysed in order to construct a proper model for the elaboration
of the data for the thin films.
On the basis of reference measurements and the systematic study performed on

a series of selected vanadium compounds described in [5], we determined that in the
considered thin films, independently of their composition and thickness, VN is the
dominating phase, and the vanadium oxide phase consists mainly of V+3 ions. Thus,
the XANES analysis demonstrated that the electronic structure of vanadium was inde-
pendent of composition and thickness, which is in agreement with the superconducting
properties of the films. The considered 450nm-thick samples and 80VN-20SiO2 films of
various thicknesses exhibited a superconducting transition. The critical temperature
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(Tconset) ranged from 7.0 K to 7.5 K, with the only exception being the 90VN-10SiO2,
450 nm-thick sample. In this sample a small drop in resistivity was observed at about
6.7 K. However, small differences in the temperature dependence of the sheet resis-
tivity of the films with various values of x and of various thicknesses were observed
below Tconset. This can be related to the granular structure of the films, i.e. to the
amount of intergranular phase and/or to the ordering of the intragranular structure.
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Recently, an increased interest in the subject of nanocomposites, and hybrid
nanocomposites in particular, has been observed. Being distinct from common nano-
composites, hybrid nanocomposites tend to have better properties owing to the syn-
ergistic effect of two-filler compounds. The aim of this research was to obtain hybrid
nanocomposites and to examine the influence of the nanoparticles on the behav-
ior of the matrix. Nanocomposites based on poly(ether-ester) copolymers, containing
commercial multi-walled carbon nanotubes (MWCNTs) and carbon/metal magnetic
nanoparticles (MNPs) were prepared by in situ polycondensation.
Magnetic nanoparticles and conductive (metallic) multi-walled carbon nanotubes

were combined in equal amounts of 0.3 wt%, but in different arrangements (MWCNT
+ MNP = cons.). Fe-based compounds were used as magnetic fillers.
The morphology and the dispersion of the nanoparticles in the polymer matrix

were characterized by scanning electron microscopy (SEM). The mechanical properties
and rubber elasticity in static and cyclic tensile tests have been investigated. The
influence of the nanoparticles on the melt viscosity of nanocomposites was evaluated.
It was observed that the elongation at break of nanocomposites depended on the
filling degree but rubber elasticity (reversibility) of the materials was constant.
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While uniform temperature has no effect on the equilibrium properties of hard-
core systems, its gradient might substantially change their behavior. In particular, in
a hard-disk system which is subject to temperature difference ∆T , disks are repelled
from the system’s hot boundary and accumulate at the cold one. Using event-driven
molecular dynamics simulations we show that crystal forms at the cold boundary for
sufficiently large ∆T or coverage ratio ρ∗.
In this spatially inhomogeneous system a significant decrease in the diffusivity

of disks clearly marks the stationary interface between liquid and crystal. Such be-
havior is also supported through calculation of the radial distribution function and
the bond order parameter. Simulations show that for this nonequilibrium system the
equipartition of energy holds and velocity obeys the Boltzmann distribution.
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Investigations of 1.2–1.4 µm emission properties

of Tm:Y2O3 transparent ceramic

Q. Yi1, T. Tsuboi2, S. Zhou1, Y. Nakai1, H. Lin1, H. Teng1
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Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences

P.O. Box 800-211, Shanghai 201800, China

2Department of Information and Communication Science
Faculty of Engineering, Kyoto Sangyo University
Kamigamo, Kita-ku, Kyoto 603-8555, Japan

6 at% Tm3+-doped Y2O3 transparent ceramic was fabricated by sintering at
1800◦C for 20 h under vacuum of 1 ·10−3 Pa. 3 at% ZrO2 was introduced as a sinter-
ing aid. The addition of Zr4+ ions decreased the O2− vacancy concentration, which
led to a subsequent decrease in the Y3+ interstitial concentration and thus to lower
grain boundary mobility. Lower grain boundary mobility was beneficial for eliminating
the pores on grain boundaries. Therefore, with the addition of ZrO2, the microstruc-
ture was uniform with an average grain size of 22 µm. The optical transmittance
of the ceramic reached 76.3% at 1 µm. Basing on the photoluminescence excitation
(PLE) spectra at 12 K and 296 K, the PL spectra were investigated at various tem-
peratures at RT-12 K under Xe light excitation at 361 nm, 485 nm, 683 nm and
795 nm. Both room-temperature and 12 K-PL spectra were measured. An emission
band at ∼ 1270 nm was observed under the excitation at 361 nm and 485 nm. An
emission band at ∼ 1450 nm was observed under all four excitation wavelengths. Both
bands consisted of numerous sharp lines. The emission intensity on the high-energy
side decreased with temperature decreasing from RT to 12 K and disappeared below
ca. 100 K. The luminescence mechanism is discussed for the 1270 nm and 1450 nm
bands.
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Organic-inorganic hybrid materials doped

with Eu3+, Tb3+ rare earth and lithium ions
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2Institute of Physics, Wroclaw University of Technology
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3Faculty of Materials Science and Ceramics
AGH University of Science and Technology
Al. Mickiewicza 30, 30-059 Kraków, Poland

Silica-based organic-inorganic hybrid materials doped with terbium, europium
(Eu3+, Tb3+) rare earth and lithium ions were produced by the sol-gel method.
Tetraethyl orthosilicate (TEOS), poly(methyl methacrylate) (PMMA, M.W. 12 000),
ethyl methacrylate, butyl methacrylate, ethyl acetyloacetate, LaCl3 ·7H2O and TbCl3
·6H2O, EuCl3 ·6H2O, LiClO4 were used as precursors and dopants, respectively. The
materials obtained (ca 40% of organic parts) were aged at room temperature for at
least three weeks and dried at the temperature of 125◦C. Scanning electron microscopy
equipped with energy dispersive X-ray spectroscopy (SEM/EDS, X-ray diffraction
(XRD), Fourier transform infrared spectroscopy (FTIR, KBr technique), 29Si MAS
Magnetic Nuclear Resonance were used for morphology, composition and structure in-
vestigation. The excitation and emission luminescence spectra were recorded at room
temperature, using a fluorescence spectrometer equipped with a pulsed xenon lamp
as an excitation source. The influence of organic additives on the host material mi-
crostructure and the luminescence properties of the hybrid materials obtained was
analyzed. All the materials revealed photoluminescence blue-green and red emission
lines characteristic of terbium and europium ions.
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Catalytic chemical vapor deposition (CCVD) of hydrocarbons is a promising
method for synthesis of carbon nanomaterials (CNM) such as carbon nanotubes
(CNT), carbon nanocapsules (CNC), carbon nanofibers (CNF). The advantages are
as follows: low cost, large-scale production, relatively low temperature used in the
process.
The aim of the our work was to investigate carbon nanomaterials grown by cat-

alytic decomposition of CH4. The CNM were synthesized by CCVD using Ni sup-
ported on SiO2 as the catalyst. The carbon deposited in the reaction was analyzed
by Raman spectroscopy, thermogravimetric analysis (TGA), scanning electron mi-
croscopy (SEM) and transmission electron microscopy (TEM). The effects of the
reaction temperature and Ni loading on the CNM formation were evaluated.
The catalyst with a high Ni concentration favored a high yield of CNM at lower

temperatures. An increase in the temperature led to an increase in the yield of CNM
but a very high temperature was a disadvantage to the carbon production. The kind of
CNM was determined by the Ni concentration method and the conditions of synthesis.
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Optical and magnetic properties
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The mechanism of formation of electron pairs in ceramic nanoparticles is studied.
The influence of second-order phase transitions in nanoparticles on the optical and
magnetic properties are analyzed within the method of multielectron hybrid orbitals.
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Polymer translocation through a nanopore is a process that can be modeled with
the Rubinstein-Duke [1,2] rules for hopping reptons on a lattice. The model provides
insights into the chain dynamics, such as the average translocation time as a function
of chain length.
An exact approach to the problem [3] requires the evaluation of sparse matrices

of enormous sizes (Figure 1) and can be performed efficiently only for short chains (a
dozen reptons). However, approximate Monte Carlo methods [4] enable the analysis
of long chains and allowed us to perform useful analysis in the time domain. Our
previous one-dimensional studies [5,6] showed that the mass-current (in terms of rep-
tons threaded through a nanopore per time) was unsaturated in an extremely strong
electric field. In this paper, we explain this discrepancy by examining the impact of
chain flexibility on its behavior.

Throughput current as a function of applied bias;
chain length is N = 9, hernia creation/annihilation
rate is 0.5. The plotted data were calculated exactly
by solving almost 106 linear equations. Infinitely
elastic chain leads to a short-cut in current behavior

Graph of connections between chain
states (the chain has 6 links); each
connections represents a transition:
there are 2562 transition linking 462
chain configurations in this plot

Figure 1: Exact analysis of chain translocation through a pore requires the evaluation of
a stochastic matrix, which holds information on the transitions of chain states; each transition
(the connection between two particular states) was assigned a probability rate and was used
to evaluate the translocation process in terms of the throughput current
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