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In memoriam Andreas Papadopoulos

Andreas Papadopoulos (1934-2007) was born in Limassol, Cyprus. He stud-
ied Civil Engineering at Athens Polytechnic (Greece) and the University of
Birmingham (UK).

Andreas was a highly respected civil servant working for the Cyprus Govern-
ment. He served as an Operative Engineer for the Department of Public
Works and was made Senior Operative Engineer for Port and Airport Works
before reaching the position of Top Administrator for the Ministry of Public
Transport and Works. In addition, he served as advisor to government of-
ficials and a representative of Cyprus on development issues at conferences
abroad.

Andreas was a talented entrepreneur. He had the ability to take an idea and
realise its business potential. He established Ypsonas Ltd in Cyprus which
manufactures prefabricated concrete products.

Further to his business pursuits Andreas also had a vivid interest in philo-
sophy and art being an active member of the Cyprus Philosophical Society
and an enthusiastic and knowledgeable collector of art works as well as an
amateur painter. He also had an interest in physical science and its historical
evolution.

Andreas served as a member on the Advisory Board for the 4" Conference
on Functional and Nanostructured Materials, FNMA’07.

Andreas is survived by his wife Olga and two daughters, Eleni and Anna.
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Monte Carlo Study
of Complex Nanostructures
in Sulfonated Block Copolymers

M. Banaszak

Institute of Physics, A. Mickiewicz University
Umultowska 85, 61-614 Poznan, Poland

Phase behavior of poly(styrenesulfonate-b-methylbutylene) (PSS-b-PMB) block
copolymers has been recently studied by varying the molecular weight and the sul-
fonation level. In this study we perform Monte Carlo lattice simulations of model block
copolymers with the corresponding microarchitectures. We show some thermodynamic
and structural properties of the simulated copolymer melts, as the reduced dimen-
sionless temperature is lowered. We identify the low-temperature nanostructures. In
particular, we demonstrate that the symmetric PSS-b-PMB diblock self-assembles
into a gyroid phase.
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Propagation Technique for Ultrashort Pulses
in a Nonlinear Medium

V. Cao Long

Institute of Physics, University of Zielona Gdra
Podgdrna 50, 65-246 Zielona Géra, Poland

In our presentation, we investigate the propagation of ultrashort laser pulses in
dispersive nonlinear media. We derive a general propagation equation of pulses which
includes linear and nonlinear effects to all orders. We study a specific case of Kerr
media and obtain an ultrashort pulse propagation which is called the Generalized
Nonlinear Schrodinger Equation. The impact of the third order dispersion, the higher-
order nonlinear terms self-steepening and stimulated Raman scattering are explicitly
analyzed. We also present a numerical technique to solve approximately the pulse
propagation equation. Two efficient methods for this problem, the Split-Step Fourier
and the fourth order Runge-Kutta methods are considered. Our numerical experi-
ments are implemented for soliton propagation and interacting high order solitons.
We also investigate numerically an important technique to create ultrashort pulses
which is known as the pulse compression. The pulse splitting dynamics will be con-
sidered.
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Magnetic-Elastic Coupling Dynamics
in Ferromagnetic Resonance Experiment

M. R. Dudek’, N. Guskos®? M. Maryniak® R. Szymczak?
J. Jozwik!, E. Senderek®, Z. Rostaniec®

Institute of Physics, University of Zielona Géra
ul. Szafrana 4a, 65-069 Zielona Géra, Poland

2Solid State Physics Section, Department of Physics, University of Athens,
Panepistimiopolis, 15 784 Athens, Greece

3 Institute of Physics, Szczecin University of Technology
Al. Piastéow 17, 70-310 Szczecin, Poland

4 Institut of Physics, Polish Academy of Sciences
Al. Lotnikéw 36/42, 02-668 Warsaw, Poland

5 Institute of Materials Science and Engineering, Szczecin University of Technology
Al. Piastéow 17, 70-8310 Szczecin, Poland

A Ferromagnetic Resonance (FMR) spectrum of carbon coated magnetic nanopar-
ticles in a non-magnetic elastic polymer matrix is investigated for a single cluster
consisting of N magnetic nanoparticles. The Bloch law

w0 - (£ )

for the saturation magnetization of the magnetic nanoparticles is assumed, where T
is temperature and o = 1/3. The Arrhenius law for the viscosity parameter, v,

v(T) = AeE/kT

of magnetic nanograins within a polymer matrix is also assumed, where F is the
activation energy.

The experimental absorption data are compared with analogous data obtained
with the help of the stochastic Landau-Lifshitz equation [1, 2] for the magnetic mo-
ment of a ferromagnetic single-domain nanoparticle and stochastic equations describ-
ing rotational oscillations of the polymer region containing a magnetic nanoparticle [3]
We show that the absorption lines in the FMR experiment strongly depend on the
direction of the magnetic easy axis with respect to the applied external DC magnetic
field. A similar observation, but for fixed directions of the anisotropy axes, can be
found in [4]. These results are discussed for different viscosities of the non-magnetic
polymer matrix.

References
[1] L. Landau and E. Lifshitz, Phys. Z. Sovjetunion (1953) 8, 153
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Figure 1: Top diagram: the effect of a different orientation of magnetic anisotropies with
respect to the direction of the external DC magnetic field on the absorption lines; upper
panel — a single magnetic nanoparticle with the anisotropy axis initially parallel to the
DC magnetic field; middle panel — a single magnetic nanoparticle with the anisotropy axis
initially perpendicular to the DC magnetic field, bottom panel — a cluster consisting of two
magnetic nanoparticles (a) and (b). Bottom diagram: derivatives of the absorption lines,
dx" /dHg. for different temperatures; the results come from computer simulations.

[2] T. L. Gilbert, Phys. Rev. (1955) 100 1243

[3] M. R. Dudek, N. Guskos, B. Grabiec, and M. Maryniak, to appear in J. Non-Crystalline
Solids (2008)

[4] A. Sukhov, K. D. Usadel, U. Nowak, JMMM (2008) 320, 31-35
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Combining Molecular Dynamics and Tight Binding
to Study the Nanoindentation Process

J. Dziedzic', J. Rybicki'*?

! Faculty of Technical Physics and Applied Mathematics, Gdansk University of Technology
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Nanoindentation and ultra-precision machining of metals belong to the class of
technologically important processes which are difficult and costly to investigate ex-
perimentally [1, 2]. Because of this, they are often simulated numerically, typically
employing the molecular-dynamics (MD) method (e.g. [3], in which the system is
treated classically. However, substantial electronic effects involved in heavy bond-
breaking and bond-reconstruction require the utilization of more involved, quantum-
based methods such as density functional theory (DFT) or the tight-binding (TB)
approximation. With these, however, the computational demand rises prohibitively
as the number of atoms exceeds a few hundred.

For this reason, the so-called cross-scaling methods are developed, which aim to
treat the important part of the system with a quantum-based method, and the remain-
ing part with the cruder molecular-dynamics. Unfortunately, devising a physically
sound interface between the two parts of the system is usually difficult, especially in
the case of metallic systems. What is more, computer codes that allow for cross-scaling
simulations are lacking.

We present a multiscale method targeted at non-equilibrium simulation of metals,
in which the energetically active region is modelled using a robust TB scheme devel-
oped at the Naval Research Laboratory (NRL-TB) [4, 5] and the rest of the system
is treated with MD employing (in this case) the Sutton-Chen many-body interaction
potential.

Apart from the presentation of the method and implementation in computer code,
we discuss the results of a series of simulations of nanoindentation of copper with an
infinitely rigid tool, where the immediate region of contact between the tool and
the workpiece is treated with the TB method. Stress fields, the nature of dislocations
and the force experienced by the indenter are investigated.
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Most materials we encounter tend to get thinner when stretched (i.e. exhibit
a positive Poisson’s ratio), expand when heated (i.e. exhibit a positive thermal ex-
pansion coefficient) or shrink in size when subjected to an increase in the external
hydrostatic pressure (positive compressibility). Nevertheless, not all materials and
structures behave like this and examples which defy such common expectations are
known to exist: example the silicate a-cristobalite which gets fatter when stretched in
various crystallographic directions (i.e. exhibits negative Poisson’s ratio, or as com-
monly known ‘auxetic behaviour’). Such negative systems are generally found to have
various enhanced characteristics with the result of having many potential practical
applications. For example, auxetics exhibit improved indentation resistance, enhanced
acoustic properties, etc. which make them ideal for use as protective materials whilst
NTE materials are very useful in applications involving the manufacture of com-
posite materials which can be tailor made to exhibit pre-desired thermal expansion
properties.

Here we discuss some of the recent developments in this field by discussing mech-
anisms which can lead to negative properties and how such systems behave under
various pressure / stress / temperature conditions.
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Self-assembly of nanoscopic components into higher-order architectures defines the
forefront of fundamental nanoscience research and is important for the development of
new materials with potential applications in optoelectronics, high-density data stor-
age, catalysis, and biological sensing. My talk will focus on how electrostatic and
photoinduced dipole-dipole forces acting between nanoscale components can mediate
their self-assembly into various superstructures. I will show how the interactions un-
derlying self-assembly can be studied and understood in quantitative detail, and how
they can be tailored to synthesize bulk materials exhibiting unusual optical, electrical
and mechanical properties. Discussion of experimental results will be accompanied by
theoretical analyses combining elements of thermodynamics, statistical and quantum
mechanics, electrodynamics and elasticity.
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Poly(3-hexyl)thiophene (P3HT) is one of the most used organic semiconductors
in the photovoltaic field. The reasons can be found in its relatively high mobility and
its ability to crystallize in a wide range of temperatures [1]. Recently a new proce-
dure of polymer sample rubbing has been discovered and developed to increase the
conjugation length in the rubbing direction with a consequent improvement of the
conductivity in such a direction. It consists of low energy ion beam sputtering of
the film surface. In order to understand how the rubbing influences the P3HT film
characteristics we have performed a systematic study on P3HT samples prepared at
room temperature (RT) and at 70°C by electro-spin coating. The samples were char-
acterized with ultra-violet photoemission spectroscopy (UPS), UV-Visible absorption
and photocurrent measurements. By the absorption and photocurrent measurements
we discovered, as expected, an increase in the conjugation length along the rubbing
direction. Moreover, variations in the photoconductivity current due to both local and
global order effects of the P3HT film were observed.

In subsequent measurements the behavior of a rubbed P3HT sample under the
illumination of a halogen lamp (in order to simulate sunlight) was analyzed. The
purpose was to investigate the local order effects of the rubbing through the valence
band spectra variation on different samples. The sample prepared at RT shows a re-
versible change of the ionization potential (IP) during the illumination (from 4.3 to
4.5 eV) accompanied by a homogeneous accumulation of negative localized charges
on the whole sample. On the contrary, the sample prepared at 70°C shows the charge
accumulation, but the ionization potential remains stable (about 4.8 eV). All these
changes occur in a temporal scale of several minutes (time constant about 20 min).

For what regards the IP variation, a correlation between the negative charge accu-
mulation in a polymer and the IP increase has been proved recently [4]. This result is
particularly intriguing because it shows how the accumulation of a localized negative
charge on the P3HT samples can modify the film properties when P3HT is exposed
to illumination. This variation must be taken into account for proper modeling of
a photovoltaic device.
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A sea urchin tissue in the form of a thick film has been prepared for a photoacoustic
(PA) study. Figure 1 presents a PA spectrum of a sea urchin. A broad absorption bands
in the visible region (with a maximum near the yellow color, at about 570 nm) of the
electromagnetic PA spectrum is registered.
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Figure 1: PA spectrum of a sea urchin

A very intense PA band arising from m# — 7% , m — n charge transfer transition
(Fig. 1) is observed below 350 nm. The visible PA spectra strongly depend on the
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decomposition or dehydration processes of organic matter. The obtained PA spectra
are very similar to those obtained earlier for other living organisms, Trunculariopis
Trunculus and Asterias Rubens [1, 2]. The absorption band near 570 nm is also very
similar to that obtained for spermidine copper complexes, important for transferring
information to DNA [3]. The obtained results might be experimental evidence of a law
stating that evolutionally older living beings, absorb more intensely the part of solar
radiation that is transparent in water. The human body is composed mostly of water
molecules and the same part of solar radiation penetrating deep inside the body might
play a crucial role in many physicochemical processes.
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Melt quenching techniques including the most common melt-spinning procedure
are well established commercial methods for production of materials with metastable
structures of superior physical properties. In view of the fact that most of the prop-
erties of metastable phases depend on their structure, good control of the structure
formation during rapid cooling is of prime importance. However, rapid solidification
occurs in very short periods of time and small volumes which makes direct experimen-
tal studies very difficult. In such a situation, a computer simulation based on proper
physical models is a very useful tool to predict microstructures as a function of the
melt composition and processing conditions.

A numerical approach to the description of cooling and crystallization processes in
the melt-spinning technique has been proposed. Using the experimentally determined
input parameters, controlling both the heat transfer and glass crystallization, the
model has correctly predicted the conditions of FeyoNigP14Bg melt amorphization
for a case of homogeneous nucleation. The dominant contribution of heterogeneous
nucleation to this melt crystallization in the majority of experiments has been con-
firmed and the most probable values of the heterogeneous sites density and wetting
angle have been estimated.
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Macrocyclic compounds are interesting because of their ability to form com-
plexes with transition metal ions and rare-earths. The coordination chemistry of lan-
thanide(III) ions has been extensively studied in the recent years because the result-
ing complexes can be conveniently employed as useful devices or probes in a variety
of fields, ranging from solid state to analytical chemistry, hydrometallurgy, biology,
medicine, ete. [1-3]. These ions can be used in the design of novel probes of biomedical
interest and in the preparation of new kinds of catalysts [4-6]. Their high magnetic
moments together with magnetic anisotropy are of particular interest in the field
of molecular magnetism. The great interest in synthetic macrocycles and macroacy-
cles and their corresponding metal complexes is related to the fact that they can
mimic naturally occurring macromolecules in their structural features, e.g. enzymes.
Macroacyclic compounds, such as podands, have higher flexibility of their arms, and
their complexation ability grows with the ionic radius of rare-earth ions. The macro-
bicycle compounds formation significantly depends on the cation’s accuracy of fit in
the ligand cavity; they are more rigid than macroacyclic compounds. The design and
synthesis of macrobicyclic ligands and their lanthanide complexes are important in
applied chemistry, biochemistry and technology. These complexes are often applied
to separate selected metals, as catalysts and supramolecular devices. Moreover, the
related d- and especially 4f-metal ion complexes are used as fluorescent probes in bio-
logical systems, as contrast media in medical diagnostics, and as synthetic enzymes to
split the nucleic acid chain. They are often applied in the treatment of arteriosclerosis
and in radioimmunology [7—10].

Formations of mononuclear acyclic Schiff base complexes have been achieved with
d- and f- transition ions. In recent years, considerable attention has been paid to [1+1],
[2+1], [142] or [3+1] macroacyclic complexes derived from the template condensation
of appropriate amine-precursors in the presence of lanthanide(III) salts.

In one of our previous papers we have presented the EPR properties of a gadolin-
ium Schiff base macroacyclic complex (LnL = (Ln = Gd, L = tripodal heptadentate
N4Ostris [2-(salicylideneamino)ethyl]amine): Ca7Ha7N4O3Cl3Gd, MaSB-Gd3*) [11].
We have confirmed the [1:1] form of the complex and we have investigated its spec-
troscopic and magnetic properties. As a continuation of these studies we have also
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presented a macroacyclic Schiff base complex with another paramagnetic ion — dys-
prosium(ITT) with the formula Co7Ho7N4O3Cl3Dy (MaSB-Dy3+) [12].

The formation of macrobicyclic complexes to act as suitable chelating agents for
rare-earth (RE) ions depends significantly on: (a) the internal cavity’s dimension and
the cation’s goodness of fit in the ligand cavity (macrobicycle rigidity); (b) the com-
plexing properties of the counterion; (¢) the nature of the donor atoms. These mac-
robicyclic compounds allow both monometallic (1:1) and bimetallic (1:2) lanthanide
cryptates to be formed and the lanthanide ion to be encapsulated into the cavity.
Lanthanide cryptates are attractive due to their ability to bind two or more metal
ions in close proximity.

In one of our previous papers we have reported a gadolinium cryptate synthesis as
a result of Schiff base condensation and w have studied its spectroscopic properties
using EPR, IR, TG-DTA and mass spectroscopy [13]. An analysis of the obtained
EPR spectra in a wide temperature range has allowed us to draw conclusions on the
structure and magnetic properties of the investigated complex.

The properties of both kinds of macrocyclic compounds have been summarized in
the paper [14].

On the basis of the performed measurements we have proposed a structure of
macrobicycle Schiff base complexes with gadolinium and erbium, giving distances from
RE ion to its closest neighboring ion. The results of investigations, showing repletion of
gadolinium coordination in gadolinium complexes may be applied by pharmacology
manufacturers to fabricate new contrast material to Magnetic Resonance Imaging
(MRI) [15].

Very similar results have been obtained for less stable, due to their constitu-
tion, macroacyclic compounds of samarium, europium, gadolinium, dysprosium and
holmium. These complexes may catalyze reactions of toxic compounds and seem to
be better candidates for synthetic enzymes. Their advantage over natural enzymes is
their smaller dimension.

RE ions in macrocyclic complexes show low symmetry (in case of gadolinium —
monoclinic symmetry). The complexes’ magnetic properties strongly depend on the
kind of the paramagnetic ion which is sufficiently isolated from the neighboring ion
by ligands. Thus, interactions between complexes are negligible.
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Specific heat, electrical resistivity and magnetic susceptibility measurements on
a high quality sample of Mgiolri9B16 provide a self-consistent determination of its
superconducting properties. They indicate that Mgyglr19B1¢ is a type-1I superconduc-
tor (T, =4.45 K, k(0) ~ 20), with an electron-phonon coupling constant Ae, =0.66. An
analysis of the T-dependent specific heat shows that superconducting properties are
dominated by an s-wave gap (A =0.7 meV). Point contact tunneling data provides
evidence for multiple superconducting gaps, as expected from strong asymmetric spin-
orbit coupling.
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Inorganic phosphors have been extensively investigated for applications to various
types of display panels and highly effective luminescent materials that can trans-
form UV light into visible radiation. New light sources, mainly blue emitting diodes
(LEDs), generate new challenges. Commercialized LED lamps need cheap, efficient
and chemically stable phosphors that transform UV radiation into white light. Yt-
trium aluminum garnet, YAG, Y3Al5015, is a well known inorganic compound and it
is also widely utilized in the optical area. YAGs doped with such lanthanide (Ln) ions
as Th(III) and Eu(IIl) are employed as phosphors, e.g. on cathode ray tube (CRT)
displays [1]. One of the cheapest synthesis methods for of optically active materi-
als consisting of many components is the sol-gel procedure. Multicomponent sol-gel
processing allows a large spectrum of materials modified with nanostructures to be
prepared [2].

In this study, nanocrystals of YAG:Ln(III) embedded in a silica xerogel matrix
have been additionally modified with nobel metal nanoparticles and middle-chain al-
cohols by the one-pot procedure. A Xerogel matrix minimizes the excitation energy
scattering in the materials. On the other hand, silver nanostructures in low concen-
tration enhance the luminescence intensity owing to the surface plasmon resonance
(SPR) [3]. Then, alcohols improve the luminescence properties due to the preven-
tion of YAG nanoparticles from agglomeration. Luminescent materials consisting of
YAG:Ln(III) in the vicinity of Ag nanostructures incorporated into the silica matrix
exhibit higher thermal resistance at higher temperatures.
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Germanium nanoclusters embedded in silicon dioxide matrices have recently re-
ceived attention because of their potential for developing integrated optoelectronic
devices directly on silicon substrates. Unique properties of SiOs, including long-term
stability and quality of the interface between the oxide and Si substrate are the reasons
for the success of silicon as a basic material for microelectronic technology.

The present work is focused on an optical characterization of Get-implanted SiO»
layers. Two techniques: spectroscopic ellipsometry and photoluminescence were used.
Additionally, Rutherford Backscattering Spectroscopy (RBS) was applied for deter-
mination of Ge post-implantation depth profiles in SiOs.

The samples consisted of 500 nm thick supported SiO5 layers produced by thermal
oxidation on a flat-surface, single-crystalline Si substrate in a wet ambient at the
temperature of 1000°C. Subsequently, they were doubly implanted with Ge™ ions at
the energies of 480 keV (fluence, F'=4.2-10'¢ cm~2) and 280 keV (F =1.7-10'6 cm~2)
at room temperature. Immediately after ion implantation the structures were annealed
for 60 min. at temperatures ranging from 700 to 1100°C in a dry N, ambient.

Variable Angle Spectroscopic Ellipsometry (VASE) investigations were carried out.
Optical constants (refractive indices and extinction coefficients) were computed from
experimentally taken ellipsometric angles ¥ and A in the range of 250-1000 nm. The
spectra revealed the characteristic band with a maximum at 500-600 nm, shifting
to shorter wavelengths with an increase in the annealing temperature. as observed
Photoluminescence spectra of the same samples showed a band at about 700 nm as
the main source of light emission under the argon laser excitation. The origin of the
extinction coefficient and photoluminescence spectral features, as well as their correla-
tion are discussed using models of quantum confinement and ion implantation-induced
creation of defect centers in Si dioxide layers and their temperature transformation.

34



5th International Workshop on Functional and Nanostructured Materials L 1 4
31 August — 6 September 2008, Lviv, Ukraine

Statistical Description of Ferromagnetic
and Ferroelectric Domains in Thin Films

K. Lukierska-Walasek!, K. Topolski?

nstitute of Physics, University of Zielona Géra
ul. Z. Szafrana 4a, 65-516 Zielona Géra, Poland

2 Institute of Mathematics, Wroclaw University
pl. Grunwaldzki 2/4,50-384 Wroclaw, Poland

The Mandelbrot-Zipf’s power law is used to describe the system’s inhomogenity.
Statistical distributions of the domain masses are described using Ising-like models,
near the phase transition induced by the temperature. The statistical distribution
near the critical point appears to be of the Pareto type.
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The recent reduction of device dimensions requires the use of more and more
accurate models which include quantum effects. Generally, these quantum effcts are
important in a limited region, e.g. around the double barrier in resonant tunneling
diodes, whereas the rest of the device is adequately described by classical models. For
this reason, the hybrid strategy has been introduced. We will apply the strategy to
a pair of equations, namely, a classical hydrodynamical equation (HD)

J? J
(Jeo)e + ( + Tnc) —n.V, = e (1)
ne , T
and a quantum hydrodynamical equation (QHD)
Jq > Jq
(Jg)e + - +Tng | —ngVyd (nq(lnnq)m)z = (2)
4q .

We discuss the transmission conditions between the classical and the quantum regions,
and use them to recover the existence of steady states. Preliminary results concerning
their stability will be shown.

36



5th International Workshop on Functional and Nanostructured Materials L 1 6
31 August — 6 September 2008, Lviv, Ukraine

Electrical and Thermal Properties
of Nanowires in a Quantum Regime

W. Nawrocki

Poznan University of Technology
Piotrowo 3A, 60-965 Poznan, Poland
nawrocki@et.put.poznan.pl

1. Theory of conductance quantization

We have analyzed the quantization of electrical and thermal conductance in nano-
wires formed between two macroscopic metallic electrodes. According to the theory
proposed by Landauer [1] the quantization phenomenon in nanowires occurs because
of the formation of a nanometer-sized sample (nanowire) between macroscopic con-
tacts. We have measured the electrical conductance in nanowires formed by metals
(Au, Cu, W, Ni, Co). We have built a measuring system for investigating electrical
conductance in nanowires. The investigation has been performed outdoors at room
temperature.

We consider a constriction with length L and width W between two wide metallic
conductors, which have been called “electron reservoirs” after Landauer. An average
free path in the conductor is equal to A, and the Fermi level Er. On applying a poten-
tial difference V to the ends of the constriction, a flux of electrons will flow through
it. The transport of electrons is ballistic, i.e. it is realised without collisions, if the
constriction length is less than the average free path: L < A. If the conductor width
W is comparable with the Fermi wave Ap length, then such system is regarded as
quasi-one-dimensional, an electron is regarded as a wave, and effects showing directly
the quantum character of electrons are to be expected. A certain number of current
carrying channels is formed for such conditions in the constriction which has been
called a nanowire.

The channels are connected with the existence of discrete energy levels of electrons
in metal, located below the Fermi level and “delivering” electrons for charge transport.

Conductance G; for channel j in the conditions of spin degeneration is defined
by (1) [1]. 2

Gj:%ZZehT37 (1)
where: I; — the electrical current in the channel j, V' — the voltage on a constriction, e —
electron charge, h — Planck’s constant, T; — total probability of carriers transmission
over channel j.

For ideal ballistic transport of electrons, i.e. for the motion of electrons without
scattering on impurities and contaminations, probability T} is equal to 1. In such case,
conductance G of one transport channel is defined exclusively by the fundamental
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constants of physics, e and h: ,
2e
Gy = W (2)
It is worth noticing that the quantum of conductance Gy is equal to the inverse of
twice the von Klitzing constant: Gy = 2/Rk. According to the Biittiker-Landauer
theory, electrical conductance is transmission between two reservoirs of electrons. In
a constriction of a nonmagnetic metal with nanometer dimensions, called a nanowire,
the ballistic transport of electrons occurs in conductive channels. The number of
channels is proportional to the nanowire width. The conductance of such nanowire is
described by Landauer’s formula (3):

2e?
G=" > T, (3)

where: T,, — transmission of electrons in channel number n.

2. Measurement results on electrical conductance in metallic nanowires

The quantization of electric conductance depends neither on the kind of metal nor
on temperature. However, the purpose of studying the quantization for different met-
als has been to observe how the metal properties affect the contacts between wires.
We have investigated the conductance quantization of nanowires for three nonmag-
netic metals (gold, copper and tungsten) and for magnetic metals (cobalt and nickel).
All measurements have been carried out at room temperature. For nonmagnetic met-
als, the conductance quantization in units of Gy = 2e?/h = (12.9 kQ)~! has been
observed in the nanowires. All characteristics have shown the same steps equal to
2¢2/h. The characteristics are only partially reproducible; they differ in the number
and height of steps, and in the time length. The steps can correspond to 1, 2, 3 or
4 quanta. It should be emphasised that quantum effects have been observed only for
some of the characteristics recorded. The conductance quantization has been so far
more pronouncedly observable for gold contacts. Figure 1a shows an example plot of
conductance vs. time during the process of drawing of a gold nanowire [2]. Figure 1b
shows the conductance histogram obtained from 6000 consecutive characteristics in
the conductance range from 0.5G( to 4Gg, for the bias voltage Viias = 0.420 V.

(a) (b)
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Figure 1: Conductance quantization in gold nanowires (formation of nanowires during break-
ing contact)

The quantization of electric conductance depends neither on the kind of metal
nor on temperature. However, the purpose of studying the quantization for differ-
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ent metals has been to observe how the metal properties affect the contacts between
wires. For nonmagnetic metals, the conductance quantization in units of Gg =2¢2/h =
7.75-107° [A/V] = (12.9 kQ)~! has been previously observed for the following nano-
wires: Au-Au, Cu-Cu, Au-Cu, W-W, W-Au, W-Cu.

3. Thermal problems in nanowires

Both electrical Gg and thermal Gt conductance of a nanostructure are related to
the same process: electron transport. Therefore, there are several analogies between
the two physical quantities. In addition to the observations of electrical conductance
quantization in nanowires, thermal conductance quantization can be expected, as well.
The electron transport in a nanowire has two effects: electrical current I and heat flux
density Qp:

I=GgAV, Qp=GrAT,

where: Gg — electrical conductance of a sample, AV — difference of electrical poten-
tials, G — thermal conductance of a sample, AT — temperature difference.

Gp=0AJl, Gr=\AJl (4)

where: o — electrical conductivity, A — thermal conductivity,  — sample length (e.g.
nanowire), A — sample cross-section area.

Quantized thermal conductance in one-dimensional systems (e.g. nanowires) has
been predicted theoretically by Rego [3] using the Landauer theory. The thermal
conductance is considered in a similar way like the electrical conductance. Conduc-
tive channels are formed in one-dimension systems. Each channel contributes to total
thermal conductance with the quantum of thermal conductance Gr,. Quantized ther-
mal conductance and its quantum (unit) G, has been confirmed experimentally by
Schwab [4]. The quantum of thermal conductance

Gr, [W/K] = (72k%/30) T =9.5- 1072 T (5)

depends on the temperature. At 7' = 300 K the value of G, = 2.8-107' [W/K]. This
value is determined for ideal ballistic transport (without scattering) in a nanowire,
with the transmission coefficient T;; = 100%. It means that the thermal conductance
in all practical cases (for T;; < 100% is below the limit given by the formula (6).
A single nanowire should be considered together with its terminals (Figure 2), which
are reservoirs of electrons.

Terminal Terminal

balistic
transport

Nanowire Terminal Nanowire  Terminal

N S

R =12G, R=0 R,=12G,
I=0.1 mA
1kQ

Twire

Vp=1.4V

Figure 2: Conductance distribution in a nanowire with ballistic transport
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Electron transport in a nanowire is ballistic, it means transport without scattering
of electrons and without energy dissipation. The energy dissipation occurs in termi-
nals. Due to the energy dissipation, the local temperature Tierm in terminals is higher
than the temperature Tyire of nanowires Figure 2). The heat distribution in terminals
of a nanostructure should be analyzed.

In small structures the dissipated energy is quite large. For the first step of
conductance quantization, Gg = Gg, =7.75 - 107° [A/V], and at the supply volt-
age of Viup =1.4 V the current in the circuit /=100 pA (I =190 pA for the sec-
ond step of quantization). The power dissipation in the terminals of nanowires is
P=1I?Gg, =130 uW for the first step and P =230 yW for the second step. It
should be noticed that the electric current density in nanowires is extremely high.
The diameter of the gold nanowire at the first step of quantization can be estimated
as D =0.4 nm, hence, the current density J~8-10'° [A/cm?] for I =100 pA.
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[-V characteristic of a single parabolic barrier
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Transport in a nanostructure across a truncated parabolic barrier located along
the width of a thin layer sandwiched by semiconductor reservoirs is examined. Con-
trary, to the case of a square barrier upon application of dc voltage the height of
the parabolic barrier diminishes. Prompted by this peculiarity we have chosen the
parabolic barrier for our presentation. Utilizing the combined potential energy in the
relevant Schrodinger equation we are able to obtain the corresponding scattering so-
lution, enclosed form, and thereby the transmission coefficient in terms of the applied
voltage. Furthermore, upon application of the Tsu-Esaki formalism we are led to the
required I-V characteristic, which exhibits regions of negative differential resistance.
We consider the case whereby the effective carrier masses in the two reservoirs are
equal, but differing from the corresponding mass in the barrier layer. The influence of
parameters such as temperature and effective masses is obtained, as well as the corre-
sponding peak to valley ratio associated with a given negative differential resistance
region. While keeping the same effective masses the location of the various peaks and
valleys in terms of the applied bias is not affected while the peak to valley ration
diminishes with increasing carrier density.

41



L 1 8 5th International Workshop on Functional and Nanostructured Materials
31 August — 6 September 2008, Lviv, Ukraine

Tailoring the Nano-structure
of Magnetic Micro-wires
for Multifunctional Macro-composites
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The recent invention of metallic glasses produced in the form of thin ribbons
(~25 pm thick) and amorphous microwires (1~30 pum diameter) using rapid quench-
ing techniques such as amorphous and nanocrystallined Fe- and Co-based micro-
ribbons and micro-wires including glass coated microwires offers exciting new op-
portunities in the development of new magnetic sensing devices owning mainly to
their excellent magnetic properties such as the giant magnetoimpedance (GMI) ef-
fect [1-2]. Our recent efforts have therefore been focused on improving the GMI effect
in such materials through tailoring their nano-structures via (i) novel field treatment
method and (ii) fine tuning the composition such as partially substituting Al for Fe,
which has been found to increase the GMI effect and its field sensitivity; the sub-
stitution of Cu and Nb for B in an initial CoroFesSiisB1g composition forming the
CorgFesSii5Nbs o Cug.gB7 composition improves both giant magnetoimpedance effect
and its field sensitivity [3-4] which are desirable properties for magnetic sensing ap-
plications.

With the overall aim to add further functionalities to advanced structural com-
posite materials to create multifunctional composites, we have started to develop
new composite materials by employing these micro-ribbons and micro-wires. Here, we
report two new findings:

(1) The enhancement of GMI effect in a polymer matrix containing Co-based ferro-
magnetic micro-wires. The composite materials consisting of parallel Co-based
ferromagnetic microwires embedded in a polymer matrix. A great enhancement
of the GMI effect and its sensitivity are achieved in these composite materials. It
has been found that the GMI effect strongly increased with increasing number
of ferromagnetic microwires. At a given frequency of 10 MHz, the GMI ratio
and its field sensitivity reached the highest values of 450% and 45%/Oe for the
composite containing four microwires when compared with those of 14% and
1%/0e for that containing one microwire. This indicates that the newly devel-
oped composite material is very promising for magnetic sensing applications.
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(2) Magnetic microwires were embedded into a typical glass fibre reinforced poly-
mer (GFRP) composite material for advanced sensing applications, the results
indicate that, the new composite has superior magnetic properties that are ideal
for sensing applications; the magnetic property can be controlled by varying the
direction of applied magnetic field; the role of stress and wire arrangement are
also found important in determining the magnetic behaviour.

The results of this investigation afford new opportunity in developing novel
composite materials with added functionality for a wide range of engineering
applications.
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Block-Copolymer Micellization
in Compressible Solvents:
Polystyrene-block-Polydiene
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Micelles of block polymers, such as polystyrene-block-polydiene, can be formed
upon decompression and decomposed upon compression of near critical solvent, such
as propane, at constant temperature. Experimental and calculated data on model
polystyrene, polybutadiene, polyisoprene, and their diblock copolymers in propane are
presented to understand the effects of molecular weight, deuteration, impurities, and
crystallizability on bulk and micellar phase transitions. Such understanding is needed
to develop novel processes of making polymeric nanoparticles for medical applications,
illustrated, for example, with real nanoparticles for cancer-drug delivery.
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Thin layers are essential elements of modern structures such as buildings and
different types of machines. They are also important components of composite ma-
terials. It is worth mentioning that inclusions can be nano-dimensional in this case.
In general, the presence of a thin inclusion has a strong influence on distributions of
displacements, strains and stresses.

Numerical methods, especially the finite elements method, are rarely used for
investigation of models with thin inclusions because a small thickness of the layer
produces difficulties in implementation of numerical methods. Reduced dimension
models can be used for a thin inclusion as a way to overcome these problems. Within
the bounds of such approach, the stress-strain state of a thin layer is described by
models of plates and shells.

A computer simulation of an elastic body model with a thin inclusion is carried
out for the plane elastic problem. Numerical experiments are performed for a model
in which a thin inclusion is considered as one-dimensional and the membrane theory
of shells is used for describing its stress-strain state. At the same time the stress-strain
state of a matrix is described by equations of the classical theory of elasticity. Junction
conditions are obtained with the assumption of perfect bonding on the surface of
contact.

The finite elements method is used for a numerical investigation. A one-dimensional
hierarchical basis of ”bubble”-functions and a corresponding two-dimensional hierar-
chical basis on a triangle are chosen as approximation functions.
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Powder samples of FeSbVOg have been synthesized from a mixture of appropriate
oxides by the solid state reaction technique and investigated by the electron param-
agnetic resonance (EPR) in the 4-300 K temperature range. At room temperature
the EPR spectrum consists of two widely differing components: a narrow (12 mT)
line centered at gn, = 1.966 and an intense, almost Lorentzian broad (200 mT) line
at gnr = 1.974. The EPR spectral parameters (linewidth, g-factor, amplitude, inte-
grated intensity) of both components have displayed a marked thermal dependence.
At low temperature, below 100 K, the broad line has been analysed in terms of three
components. The temperature dependence of integrated intensity for the main com-
ponent of the broad line has shown very interesting behaviour reaching a maximum at
65 K. The narrow line in EPR spectrum of FeSbVOg has been attributed to strongly
interacting V4* monomers, while the broad line is due to the iron and vanadium
spin clusters. A comparison of the magnetic properties of FeSbVOyg is made with the
recently studied isostructural compound CrSbVOg [1].
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One of most important characteristics of materials, crucial for their applications,
are mechanical properties. Despite they have been studied for a very long time and
many of our intuitions are based on those studies (additionally supported by everyday
experience), some of the mechanical properties we find in real materials are still
counterintuitive. The examples are:

e negative Poisson’s ratio [1-4],
e negative thermal expansion [5-10],

e negative bulk modulus or compressibility [9, 11].

It should be stressed that materials with the above mentioned anomalous prop-
erties are not only interesting from the point of view of fundamental research but
also various practical applications have been designed for them [4, 12-14]. For these
reasons, it is important to understand such surprising properties and to reveal the
mechanisms (both on the micro- and macroscopic scale) responsible for them. This
can be done by studying well defined models.

In this lecture, a few models exhibiting either the above mentioned anomalies or
other mechanical anomalies are discussed. Some possible connections between various
effects are pointed out.

Acknowledgements

The Author acknowledges with gratitude support of his travel and stay at the confer-
ence by the Poznan Supercomputing and Networking Center (PCSS, Poland) where
also most of the the simulations were performed. Part of this work was supported by
the Ministry of Science and Higher Education (Poland) grants N202 07032/1512 and
NN 202 1353 33.

References

[1] R. S. Lakes 1987 “Negative Poisson’s Ratio Materials” Science 235 1038—-40

[2] K. E. Evans, M. A. Nkansah, I. J. Hutchinson, and S. C. Rogers 1991 “Molecular
Network Design” Nature 353 124

[3] R. H. Baughman, “Avoiding the shrink” 2003 Nature 425 667

[4] Ch. W. Smith and K. W. Wojciechowski 2006 1°° Conference on Auxetics and Other
Unusual Materials, Exeter, UK — Preface; 2008 Physica Status Solidi (b) 245 486-488
(see also other papers and references there)

47



L22 5th International Workshop on Functional and Nanostructured Materials

31 August — 6 September 2008, Lviv, Ukraine

[5]

(6]

[11]
[12]
[13]

[14]

R. S. Lakes 1996 “Cellular Solid Structures with Unbounded Thermal Expansion”
J. Mater. Sci. Lett. 15 475-477

C. W. Smith, W. Miller, D. S. Mackenzie, K. E. Evans 2005 “Mechanism for Negative
Thermal Expansion and Its Links to Negative Poisson’s Ratio” (presented at the 2"
Int. Workshop on Auxetic and Related Systems, Poznan, Poland)

J. Grima, P. S. Farrugia, R. Gatt, and V. Zammit 2007 “A System with Adjustable
Positive or Negative Thermal Expansion” Proc. R. Soc. London A 463 1585-1596 (see
also references therein)

R. S. Lakes 2007 “Solids with Tunable Positive or Negative Thermal Expansion of
Unbounded Magnitude” Appl. Phys. Lett. 90 221905

R. S. Lakes and K. W. Wojciechowski 2008 “Negative Compressibility, Negative Pois-
son’s Ratio, and Stability” Physica Status Solidi (b) 245 545-551

J. W. Grima and K. W. Wojciechowski 2007 “4*" Workshop on Auxetics and Related
Systems, Msida, Malta — Preface; 2008 Physica Status Solidi (b) 246 (in print, see also
other papers and references there)

R. S. Lakes 2006 “Negative Incremental Bulk Modulus in Foams” Philos. Mag. Lett. 86
651-659

“Advances in Negative Poisson’s Ratio Materials” 1993 Advanced Materials (Weinheim,
Germany) 5 293-296

K. E. Evans and K. L. Alderson 2000 “Auxetic Materials: the Positive Side of Being
Negative” Engineering Science and Education Journal 9 (4) 148-54

D. A. Konyok, K. W. Wojciechowski, J. M. Pleskaczewski, and S. W. Szylko 2004
“Materials With a Negative Poisson’s Ratio” Mechanics of Composite Materials and
Structures 10 35-69 (in Russian)

48



5th International Workshop on Functional and Nanostructured Materials L23
31 August — 6 September 2008, Lviv, Ukraine
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Diffusional flow controls various physical phenomena in many particle systems,
such as building of nanostructures, crystal growth, or efficiency of chemical reactions.
This collective process depends on the particle density, the substrate’s potential energy
landscape, and particle-particle interactions. From a theorist’s perspective a collective
diffusion is a complicated multi-body problem to which a variety of approaches is be-
ing applied ranging from analytic ones based on master, Fokker-Planck, or Kramers
equations, to numerical Monte Carlo or molecular dynamics simulations [1]. We have
recently proposed a novel variational analytic approach allowing the density depen-
dent diffusion coefficient to be calculated for systems modeled by a lattice gas with ki-
netics given by site and local occupancy configuration dependent transition rates [2, 3].
The approach is quite versatile and makes it possible to investigate diffusion in ad-
sorbed systems with or without short or long range interactions, on homogeneous or
inhomogeneous crystalline substrates [2-6, 8]. The choice of variational parameters is
especially important in the case of inhomogeneous systems, where they have to take
into account the differences in equilibrium occupation probabilities of different sites.
Using this approach we derive the density dependence of the diffusion coefficient for
a variety of model systems that agrees very well with the results of the numerical MC
simulations for these systems. The method applied to 2D systems yields dynamical
correlations between two main symmetry directions on the lattices for which a single
particle diffusion is known to proceed independently in each direction. Such den-
sity dependent behavior of the collective diffusion in these 2D systems is confirmed
by the simulations. The correlations between the directions in the collective particle
transport makes it also possible to account for the finite particle size effects in con-
fined geometries. The variational approach to collective diffusion is applicable in all
interacting systems whose static correlations can be calculated exactly or, at least,
approximately. Selected theoretical results for interacting 1D and 2D systems will be
presented and confronted with the results of numerical simulations for these systems.
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Many engineering processes and phenomena such as cutting, materials fracture
or surface oxidation involve chemical reactions. Classical Molecular Dynamics (MD)
simulations based on empirical inter-atomic potentials often fail to describe such pro-
cesses since the potentials are usually fitted only to the equilibrium properties of
bulk materials. Instead, the interactions need to be calculated by means of quantum-
mechanical methods which are able to describe the breaking and formation of bonds.

The “Learn on the Fly” (LOTF) fitting scheme was first proposed by Csanyi et
al. [1] and applied successfully for vacancy diffusion as well as for crack propaga-
tion in silicon simulated with MD methods. In the LOTF scheme, classical forces
acting on atoms selected to be treated quantum mechanically (and flagged as such)
are fitted to forces calculated quantum mechanically, considered to be exact. At first,
the forces originating from atoms surrounding the central (flagged) atom and acting
thereon, are calculated quantum-mechanically. Then, the parameters of a classical po-
tential function are tuned to reproduce quantum mechanical forces with the nonlinear
Levenberg-Marquardt procedure.

In this work the LOTF scheme is applied to metallic systems using Tight-Binding
(TB) algorithms of Papconstantopoulos et al. [2] as the quantum-mechanical method
and our own program with the Sutton-Chen force-field for MD simulations. The
method is adapted for various defects in cuprum and gold as well as for cuprum
nanocutting by means of a metallic rigid nano-edge.
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The results of magnetic susceptibility measurements of lithium niobate weakly
doped with erbium and codoped with thulium, LiNbO3:Er (0.2 wt. %), Tm (0.3 wt. %)
single crystals are reported for the first time. The dependence of magnetic suscep-
tibility versus temperature fulfils the Curie-Weiss law. The estimated Curie-Weiss
constant is © =0.37 £ 0.13 K for an LiNbOgs:Er, Tm single crystal. This estimated
Curie-Weiss constant is in good agreement with the temperatures obtained from ear-
lier measurements of the intensity of EPR lines. Magnetic susceptibility measure-
ments detect the presence of ferromagnetic interactions between Er3* ions in a weakly
doped LiNbOj:Er, Tm single crystal. These results are an independent confirmation
of the presence of ferromagnetic interactions between Er3* ions in a weakly doped
LiNbOjs:Er and LiNbOg:Er, Tm single crystal which we have previously recorded on
the basis of EPR measurements. The EPR intensity measurements indicate that the
codopant (Tm3*) plays an important role in substitute Er®* ions in an LiNbO3 host
crystal. The effects of stoichiometry and codoping in a lithium niobate host crystal
are also considered.
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Interactions in Laj_,Nd;Niz 5Al; 5-Hy (z = 0.1 and 0.2) systems were studied at
temperatures from room temperature up to 950°C at the initial hydrogen pressure
5 MPa by means of differential thermal (DTA) and X-ray phase analyses. The heating
of two-phase alloys (z = 0.1 and 0.2) under hydrogen results in their disproportion-
ation (at 530 and 560°C respectively) with the formation of NiAl and unidentified
amorphous products. The single-phase Lag.9Ndg 1Niz 5Al; 5 alloy decomposes under
hydrogen at 900°C into a rare-earth metal hydride and a NizAl intermetallic; traces
of NiAl and a hydride of a phase with CaCus-type structure were also observed. The
heating of disproportionated samples in vacuum up to 520-550°C leads to their recom-
bination into a homogenized phase with a CaCus-type structure. In other words, the
increase of neodymium content shifts the reaction equilibrium of La;_,Nd,Niz 5Al; 5
alloys with hydrogen towards recombination.
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Dynamical and Structural Properties

of 4-cyano-4-n-pentylbiphenyl (5CB)
Molecules Adsorbed on Zigzag Carbon Nanotubes
of Different Chiralities: Computer Simulation Study
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Small aggregates of mesogenic molecules adsorbed on a single walled carbon nan-
otube (CN) surface exhibit many interesting properties [1-2]. The main subject of
this work is the influence of carbon nanotube chiralities [3] on the liquid crystal dy-
namics. We have taken different zigzag CNs. We have studied the system at several
temperatures.

Figure 1: Zigzag carbon nanotube covered with 5CB molecules.

We have chosen the Lennard-Jones potential to calculate the forces between atoms.
All molecules have been simulated with a constant bond length (rigid bodies). The
equation of motion has been calculated using the Verlet algorithm. The system has
been treated as a cluster, no extra conditions have been applied. The angular and
linear velocity autocorrelation functions and their Fourier transforms have been cal-
culated and discussed. The 5CB layer structure has been studied calculating the
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orientational and radial distribution functions. We have found a dependency between
the carbon nanotube chirality and the mesogene layer structure. We have shown that
the ultra-thin mesogene layer structure strongly depends on temperature.
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Tungsten trioxide (WO3) is an exciting material for electrochromic devices, such as
large area displays, windows with controlled light transmission or variable reflectance
mirrors [1]. Alkali-doped tungsten trioxide shows surprisingly interesting physical
properties, such as surface superconductivity at 91 K which has been reported in
sodium-doped tungsten trioxide [2]. A special case of tungsten oxide applications are
one-dimensional nanostructures (nanowires) that have been found attractive for solid
state gas sensors [3] due to their high surface-volume ratio as well as radial stress
relaxation that prevents generation of dislocations due to the lattices mismatch [4].

We have derived a parametrization of the analytical potential for tungsten trioxide,
based on the analytical bond-order scheme proposed by Albe et al. [5] which provides
a good description of a number of tungsten trioxide properties, including the lattice
constant, bulk modulus and elastic constants.
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Auxetic Properties of Cubic Polycrystals

A. J. Duda!, K. W. Wojciechowski?

Institute of Theoretical Physics, Wroclaw University,
pl. Maksa Borna 9, 50-204 Wroclaw, Poland

2 Institute of Molecular Physics, Polish Academy of Sciences
M. Smoluchowskiego 17, 60-179 Poznan, Poland

The Poisson’s ratio and the transverse compliance of isotropic polycrystals com-
posed of cubic crystallites as a function of monocrystal’s materials constants is in-
vestigated. Reuss’s and Voigt’s estimates, orientational averaging and several other
methods are used to calculate it. A comparison with experimental data is made for
several polycrystals. A similar analysis is applied to an orthorhombic aggregate of
cubic crystallities and additionally the areal Poisson’s ratio for such aggregate is in-
vestigated.
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During the first order phase transition a significant changes in the X-ray ab-
sorption coefficient are observed (especially close to the absorption edge) related
to a change of structural and electronic properties. Thus, performing Single Energy
X-ray Absorption Detection (SEXAD) experiment [1], i.e. measuring the X-ray ab-
sorption coefficient at a fixed, suitably chosen energy as a function of temperature,
one can determine the phase transition temperature and many other related physical
quantities.

Since a melting temperature of metallic nanogranules depends on their diame-
ter, the temperature variations of the absorption coefficient follows the temperature
variations of liquid-to-solid volume ratio. Assuming a suitable model of melting [2]
(e.g. homogeneous or liquid-skin melting models), the diameter distribution of nano-
granules can be determined or at least estimated.

In the paper, we propose an original numerical scheme of extracting information
on the distribution of diameters of metallic nanogranules embedded in a glassy matrix
using SEXAD data. Preliminary results for lead and bismuth nanogranules confined
in a silica matrix are presented.
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The dynamics of cholesterol molecules embedded between phospholipids in a cell
membrane as well as those forming an ultrathin layer (lodgment) around an extra-
cellular domain protein has been studied via molecular dynamics (MD) simulations.
We have also investigated the impact of an armchair (10, 10) carbon nanotube on the
nanosystems studied. We have shown that the presence of a nanotube even quite close
to the cell membrane does not destroy the structure of a cholesterol-phospholipide
system i.e. it is neutral for the membrane functions. On the other hand, a carbon
nanotube influences the motion of cholesterol molecules forming a layer developed
over a protein surface.
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AsNi crystals have attracted considerable attention due to a layered crystal struc-
ture which determines the peculiar electrical and magnetic properties of such ma-
terials (e.g. high temperature FeAs superconductivity [1, 2]). Cr-chalcogenides are
a wide class of those crystals with a half-metal ferromagnetism perspective for spin-
tronics. There are many crystal structures of these compounds such as Cry_,Te [3]
with various magnetic properties such as antiferromagnetism, non-colinar spin struc-
tures or itinerant ferro- magnetism [4]. Substitution of Cr atoms with Ti or V cre-
ates new properties such as spin-glass [5, 6]. Some chalcogenides such as CrTe or Cr
Se) exhibit a metastable zinc-blende structure. Owing to that, it is possible to grow
zinc-blende solid solution semiconductor compounds with the properties of diluted
magnetic semiconductors (DMS), e.g. CrMnTe [7], ZnCrTe [8], ZnCrSe [9]. Recently
Ko and Blamire [10, 11] have reported room-temperature ferromagnetism in CrCdTe
crystals. We have observed this phenomenon, as well [12]. The origin of this ferro-
magnetism is not clearly understood yet, and the supposition that it may come from
Cr2Te3 inclusions motivates the aim of this paper to study the magnetic resonance
properties of this compound. The CrTe alloy was prepared by melting CrsTes powder
(Alfa Aesar, 99.5%) in evacuated quartz ampulae at the temperature of 1300-1340°C.
The heating and cooling parameters are listed in Table 1. The ingot shows a porous,
brittle structure consisting of fine grains. The structure of the samples was examined
with optical and scanning electron microscopy.

Table 1: CdzTes samples

Sample Crystal Melting temp. [°C] | Melting time | Cooling time
1 Cri_,Te 1300 1h 3h 15 min
2 Cry_,Te 1320 1h 3h 45 min
3 Cr;_,Te 1340 30 min 4h
4 CryTes powder — — —

The EPR spectra were recorded using an X-band (9.4 GHz) spectrometer provided
with a gas nitrogen cryostat (Oxford Instrument) with the nominally stabilizing tem-
perature of the sample in the range of 77-500 K. The measurements were taken in
the temperature range of 150-350 K. The temperature dependence of EPR spectra
from samples no. 1 are collected in Figure 1.

61



009 5t International Workshop on Functional and Nanostructured Materials
31 August — 6 September 2008, Lviv, Ukraine

700
600 =

500 . 1300°C
400 e °
= 1320°C

)
300 s, -- 1340°C
200 = =3

100

}Ipp [mT]

0
150 200 250 300 350 400

Figure 2: Linewidth dependence on temperature for samples 1, 2 and 3

As can be seen in Figure 1 the EPR line shape depends strongly on the tem-
perature. The line is very wide and weak, and even totally disappears in the room
temperature range. At lower temperatures, the shape of the lines approaches the
Lorentz function. The asymmetry of the lines is also visible what can be attributed to
strong exchange interactions. Above the room temperature, the shape of the spectra
is characteristic for a paramagnetic phase. The linewidth dependence on the temper-
ature is presented in Figure 2. There are two temperature ranges where the linewidth
is constant: near 220 K and above the room temperature.

The g factor calculated value is 1.92. The factor increases considerably below the
room temperature due to the internal field and the change is drastic below 220 K (see
Figure 3). In Figure 4 we have compared the spectra of the alloy samples (nos. 1,
2 and 3) with those obtained for the CryTes powder (sample no. 4) which was the
initial material for the alloy sample preparation. These spectra were recorded at room
temperature. There is a great difference between the EPR line of sample no. 4 and
those of samples nos. 1, 2 and 3. It probably indicates various Curie temperatures
for these materials. At room temperature CryTes is in a paramagnetic state while
the alloy phases exhibit ferromagnetic properties. Comparing the EPR spectra for
samples nos. 1, 2 and 3 it can be concluded that the samples preparation technological
parameters applied in this study do not have strong influence on the properties of the
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Figure 4: EPR spectra for CroTez powder (sample no. 4)

material. The results presented in the paper contribute to the new design of room
temperature DMS materials.
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Carbon nanotubes can be synthesized by different methods. One of the effective
methods is chemical vapor deposition (CVD) [1-12]. The preparation conditions are
mild and the process is easy to control. This method can be also promising for indus-
trial relevance. Carburisation of transition metals with hydrocarbons results in for-
mation of carbon nanotubes. In addition to these forms, a significant amount of other
carbon products, such as amorphous carbon, graphitic particles or catalyst traces are
also formed. Carbon nanotubes are most often separated from catalyst traces using
hydrofluoric acid [13, 14], hydrochloric acid [15, 16] or nitric acid [17]. The oxidation
method has been applied to purify carbon nanotubes of carbon impurities [13, 14, 16,
18-21]. Amorphous carbon can be eliminated by oxidation in air flow [13, 14, 16, 18]
or by oxidation by potassium permanganate [13, 14, 19], hydrogen peroxide [19-21],
ozone [19], perchloric acid [19]. Another way of elimination of amorphous carbon is
a hydrogenation process [22, 23].

In this work, the nanocarbon materials were obtained by catalytic decomposition
of ethylene on nanocrystalline iron at 500°C and 5500°C. The increase in the carbon
mass was controlled using the thermogravimetric method. The processes were carried
out up to an increase in the carbon mass equal to about 0.7 gC/gFe. The samples after
carburisation were analyzed using the HRTEM and X-ray diffraction methods. The
samples contained iron carbide (cementite — Fe3C) and nanocarbon materials (carbon
nanofibers, carbon nanotubes and amorphous carbon). Crystallites of cementite were
observed at the end of carbon nanofibers and nanotubes.

After the carburisation process the samples were cooled to the room temperature
under a nitrogen flow or were reduced under a hydrogen flow and also cooled to the
room temperature under a nitrogen flow afterwards. The hydrogenation process was
carried out isothermally in the range of temperatures from 450°C to 520°C in order
to remove the amorphous carbon and the thick carbon nanofibers. After carburisation
followed by hydrogenation the samples were characterized using the X-ray diffraction
method (Philips X'Pert) with CuKa radiation (A = 0.15418 nm) and the HRTEM
(High Resolution Transmission Electron Microscopy) method (Jeol JEM 3010). Some
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carbon nanofibers were removed in the hydrogenation process. Multiwall carbon nan-
otubes about 10-30 nm in diameter remained. Iron carbide crystallites at the end of
the fibrous carbon structure were not present any longer. Cementite crystallites were
decomposed to iron and carbon. Iron crystallites were separated from the nanotubes.

The reduction process rate has been analyzed. At the beginning of hydrogenation
an increase in the reaction rate is observed and the local maximum is reached at the
carbon content of about 0.67 gC/gFe. After this local maximum, the reaction rate
decreases and a second increase in the reaction rate is observed in the next step of
the process until a maximum reaction rate is reached.

During a further reduction of the samples a decrease in the reaction rate is observed
and the reaction rate drops to zero before complete carbon hydrogenation.

The reaction rate changes are connected probably with hydrogenation of different
carbon forms. In the first stage, a total decrease in the carbon mass is equal to
0.07 gC/gFe. This value corresponds to the carbon/iron ratio in the stoichiometric
Fe3C. Then, in the first hydrogenation step, cementite is hydrogenated to metallic
iron. After decomposition of cementite, carbon deposit hydrogenation is observed.
A decrease in the reaction rate after the maximum in the first stage can be attributed
to a decrease in the substrate (cementite) concentration.

The mass decrease growth rate together with a diminution of substrate concen-
tration in the second stage can be explained by a catalytic effect of free iron [21]
appearing as a result of carbon removal. Not covered with carbon, free iron atoms on
the surface are the active sites for hydrogen dissociative adsorption. Next, hydrogen
atoms react with carbon forming methane.

The proposed method of reduction of carbon deposits under a hydrogen flow can
be applied for a controlled purification of multiwall carbon nanotubes of other car-
bon impurities The hydrogenation method could be preferable in comparison with
oxidation because of easier process control in the former case.
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New un-doped and rare-earth doped SryB14025 single crystals have been obtained
[1, 2]. According to [2], the structure of SryB14025 crystals can be described by the
Cmc2; space group. Optical absorption, emission and luminescence kinetics of Nd3+
centres in the crystal with SryB14025:Nd (Nd2O3: SrO =1:100) chemical composition
are investigated. The oscillator strengths (P) and phenomenological intensity parame-
ters € (2, 4, and Qg) for Nd37 centres have been obtained using the standard Judd-
Ofelt theory. The calculated €2, parameters, radiative transitions rates (W), branch-
ing ratios (3) and radiative lifetime (77aq) for Nd3* centres in the SryBi4Oa5: Nd
single crystal have been analysed in comparison with the corresponding parameters
obtained for Nd3T centres in the glass with the same (4SrO-7B203) composition [3].
The measured lifetime is compared with the calculated one and quantum efficiency
(n) for Nd3*t luminescence centres from the 4F3/2 emitting level in the SryB14045:Nd
crystal is estimated. Incorporation peculiarities, spectroscopic parameters and local
structure of the Nd3* luminescence centres in the SryB14025 single crystal and the
corresponding glass with 45rO-7B203 composition have been considered and dis-
cussed on the basis of the obtained results and referenced [2, 3] data.

References

[1] Kudryavtcev D P, Oseledchik Yu S, Prosvirnin A L and Svitanko N 'V 2003 J. Cryst.
Growth 254 456

[2] Lapshin A E, Litovchik E O, Polyakova I G and Shepelev Yu F 2007 Russian Journal of
Inorganic Chemistry 52 839

[3] Kudryavtcev D P, Oseledchik Yu S, Prosvirnin A L and Svitanko N 'V 2003 Ukr. J. Phys.
Opt. 4 83

67



O 1 2 5th International Workshop on Functional and Nanostructured Materials
31 August — 6 September 2008, Lviv, Ukraine

X-ray Study and Simulation
of Atomic Structure
of Liquid Al—Ni—Co Alloys

O. S. Roik?, O. V. Samsonnikov, V. P. Kazimirov, V. E. Sokol’skii

Chemical Department, National Taras Shevchenko University of Kyiv
64 Volodymyrska str., Kyiv, UA-01033, Ukraine
2sasha78Quniv.kiev.ua

Modern materials science is directed on preparation and examination of quasicrys-
talline (QC) metallic alloys, since they possess unique physical, chemical and mechan-
ical properties. The main part of QC materials can be obtained from Al-based liquid
binary AI-TM (TM - 3d transition metal) and ternary Al-TM;—TM, alloys [1].
A comparison of a local atomic structure of liquid metallic alloys and the corre-
sponding quasicrystalline (QC) phases as well as a systematic study of the structural
prerequisites of QC formation are the most prominent directions to develop a scien-
tific base for preparation of QC metallic alloys. The purpose of this work has been to
perform a complex analysis of the structure of liquid ternary Al—Ni—Co alloys.

The study of the atomic structure of liquid ternary Al—Ni—Co alloys includes the
following steps: a diffraction experiment with maximum possible accuracy, correct
calculations of the structure factor (S(Q)) and the radial distribution functions of
atoms g(R), reconstruction of 3D-models of liquid alloys from the experimental SF
using the Reverse Monte Carlo (RMC) method, and an analysis of the local and
medium-range atomic ordering by means of Voronoi and Delaunay tessellations.

Liquid ternary AlgoNilgcolo, A172.5Ni1300145 and A165Nil7.50017.5 alloys have
been studied by means of X-ray diffraction with a 6-6 diffractometer (MoK ,-radiation,
A = 0.71069 A). The liquid Alzo5Nij3Co14.5 alloy, the content of which coincides
with the concentration range of QC phases formation, has been studied at 1473,
1533 and 1673 K. The X-ray diffraction experiments for liquid AlggNijgCo1p and
AlgsNiy7 5Co17.5 alloys have been carried out at 1473 K. A prepeak in the S(Q)

functions at 1.1 < Q/Af1 < 2.2 has been found. The prepeak intensity reaches the
maximum value for a liquid Al;s 5Nij3Co14.5 alloy but decreases significantly with
increasing temperature.

The prepeaks registered in the structure factor for small @-values are attributed
to a medium-range order for Al-Co and Al-Ni binary liquid alloys [2, 3]. The partial
structure factors obtained from the RMC models show that the prepeak has been
realized on anini(s), anico(s) and acoeco(s) curves. The prepeaks in the experimental
structure factors for the liquid ternary alloys are caused by a correlated arrangement
of TM atoms at a distance ranging from 4.2 to 4.4 A. To estimate this correlation, we
have used the empirical equation proposed by Ehrenfest: S, - R, = 1.23-27, where @,
is the prepeak position in S(Q), Ry, is the corresponding distance in g(R). According
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to the structure study results, the experimental structure factor prepeaks seem to
be caused by a specific arrangement of TM atoms in dense packing polytetrahedral
clusters. A detailed analysis of these clusters shows that their quantitative composition
depends insignificantly on the stochiometric composition of the melt.

An analysis of partial RDF (gnini(R), gnico(R) and gcoco(R)) denotes a more
ordered local structure in a liquid Al 5Nij3Co14.5 alloy in comparison with liquid
AlgoNijgCo1g, AlgsNiy7.5Co17.5 alloys. This result allows us to make a conclusion
about a competition between Ni and Co atoms in the formation of Al coordination
in liquid Al-Ni—Co alloys. A comparative analysis of the local structure in liquid
binary Al—Ni, Al-Co and liquid ternary Al—Ni—Co alloys has been also performed.
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An Ingg 49Gages.065n12 55 eutectic melt shows a low melting point (292 K) and for
that reason it is used as a matrix where small magnetic particles are distributed. Ma-
terials of this kind are known as ferrocolloidal suspensions whose magnetic properties
permit us to use them in various areas of application. Unfortunately the stability of
such a composite system is rather low which restricts the working characteristics.

We have carried out X-ray diffraction investigations in order to study structure
changes in a liquid Ingg 49Gagg.965n12.55 eutectic melt upon mixing with Ni-powder.
The structure factors have been obtained for alloys with a different content of Ni
(5, 10 and 15 at. % Ni). The main structure parameters estimated from these curves
have been analyzed by being compared with the relative parameters for various phases
which can be formed upon solidification of a composite system. The structure factors
have been also used in calculations of pair correlation functions.

It is also shown that an addition of Ni-powder to an Insg 40Gagg.g65n12.55 eutectic
melt is accompanied by formation of chemically ordered microdomains on the base of
GagNis, GaNi, IngNis, InNi, NigSns chemical compounds.

It is the possible aggregation of such structural microdomains that can be respon-
sible for the degradation of the main characteristics with time.
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An idealized coarse-grained model of polymer chains has been designed and stud-
ied. The chains have consisted of united atoms (segments) which positions have
been restricted to a hybrid [310] lattice. The model macromolecules have been star-
branched chains consisting of two kinds of polymer segments defined as hydrophilic
and hydrophobic. The force field used had consisted of the long-range contact potential
between a pair of non-bonded segments and of a local stiffness. In order to study the
properties of the model chain we have used some variants of the Monte Carlo method:
the Replica Exchange method, the Pruned-Enriched Rosenbluth Method (PERM)
and the Wang-Landau method. The static properties and structure of model chains
in a wide range of solvent conditions have been studied. A thermodynamic description
of the coil-to-globule transition has been made. The influence of the number of arms
on the process of their self-assembly has been shown and discussed.
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It is known that a significant increase in energy accumulation and storage in molec-
ular energy storage devices can be reached by a combination of an optimal porous
structure with the corresponding electron distribution resulting in the Helmholtz ca-
pacity deblocking by the volume charge capacity. Chemical methods can be useful
for the porous structure modification but at the same time the electronic structure is
in fact unchangeable. Ultrasonic radiation treatment is proposed in order to achieve
accordance between the controlled porous structure and the corresponding electronic
distribution.

Different kinds of activated carbon used in experiments were obtained by means of
activational carbonization of initial raw materials of a various nature: phenotic resin
(PhR), fruit stones (FS), wood coal (WC) and carbon nanotubes (CNT). Ultrasonic
treatment at a frequency of 22 kHz was carried out using a special ultrasonic powder
distributing device under water and heptan conditions. Aqueous (7.6 m KOH) and
unaqueous (1 M (CyH;5)4NBF, in CH3CN) solutions were used as the electrolyte
systems for molecular energy storages.

The precisional porometry method and the small angle X-ray scattering method
were applied to investigate their porous structure; ASAP 2000 M porometer and
DRON-3 diffractometer were used, respectively. Galvanostatic, potentiodynamic, farad-
volt and impedance (within the frequency range of 1072-10° Hz) dependences were
determined with the help of an “AUTOLAB” device equipped with FRA-2 and GPES
programs manufactured by “ECO CHEMIE” (the Netherlands).

The results, obtained in this work have allowed us to establish the fact that
nanoporous carbon modification depends to a significant extent on the ultrasonic
irradiation parameters as well as on the nature of the initial raw material. It should
be also noted that a specific capacitance change in comparison with the initial ma-
terial shows significantly different behaviour in aqueous and unaqueous electrolyte
solutions. Using the small angle X-ray diffraction data it is confirmed that ultrasonic
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irradiation effects mostly the changes of the electronic structure of the near-surface
layers in comparison with the material’s volume. Other experimental methods such
as secondary ion mass spectrometry (SIMS) and impedance spectroscopy (IS), show-
ing the influence of ultrasonic treatment parameters on the Fermi level position, also
confirm these suggestions.

The obtained data have allowed us to reveal that a significant improvement in
the capacity characteristics in case of PhR, FS and WC is observed when ultrasonic
treatment is carried in water. For instance, the most optimal values of specific capac-
itance for WC can be reached by ultrasonic irradiation during 20 min in 50 ml H5O.
The increase in the specific capacitance in 7.6 m KOH is higher by 2 in comparison
with the initial value. Following the ultrasonic treatment of carbon materials obtained
from FS, the specific capacitance is in fact unchangeable. An increase in the specific
capacitance in an organic electrolyte is observed only upon treatment during 5 min in
100 ml H2O the 25%, whereas a 20% decrease in the specific capacitance occurs under
the same conditions (but treated in heptane). In respect of PhR a reduction of the spe-
cific capacitance is observed with various ultrasonic treatment parameters. It should
be noted that the behaviour in case of CNT is different. A significant improvement
is observed when the dispersive medium is heptane. The modified material obtained
in this way shows better properties in an organic electrolyte. The proposed method,
used for CNT, permits to increase the specific capacitance by 30%. It should be noted
that the mass of the initial material, which was exposed by ultrasonic treatment, was
equal to 0.5 g in all the considered cases.

Using the obtained data it can be concluded that ultrasonic irradiation is an effec-
tive controlled modification method for porous and electron structures of carbon ma-
terials. This method permits to significantly improve the capacitive and other working
characteristics of molecular energy storages produced from modified materials.
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Extensive classical Molecular Dynamics simulations of the tensile strength of
single-walled carbon nanotubes have been performed using the AIREBO force field.

About 230 nanotubes with radii ranging from 2.1 A (a (0,5) nanotube) to 13.3 A
(a (20,20) nanotube) have been simulated systematically and the dependence of their
tensile strength and stiffness moduli on the nanotubes’ radii has been determined. It
turns out that (n, n) nanotubes are mechanically more resistant than (n, 0) nanotubes.
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Investigations of multicomponent solid compounds allow us to expand the possibil-
ities of their practical applications in modern electronics as replacements of elemental
and binary materials. Amorphous chalcogenide semiconductor thin films containing
alkali metals make it possible to vary the physical and chemical properties in a wide
range. Bi-contained materials are not only considered to be attractive for structural
studies (the question is still almost open), but also as a subject of electric investiga-
tions. These properties have not been studied until recently.

The present abstract describes some structural peculiarities of amorphous Li-Bi-Se
thin films (40-100 nm thick) grown on glass substrates by the resistive evaporation
technique and demonstrates their electric field-induced characteristics for the first
time.

Layers were deposited under substrate temperatures of 300 K and 400 K. The de-
position rate was estimated to be 0.1-0.5 nm/s. The electron-diffraction investigation
demonstrated the layers’ amorphous structure. The transmission electron microscopy
and diffraction methods applied to study the films showed the crystal structure of
films to have a cubic lattice of the bulk compound at T = 400 K.

The film’s surface is sufficiently inhomogeneous, consisting of two structural units:
globules and clusters. The surface of the LiBigSes films is different: apart from
the globules and clusters, their relief consists of micro crystals. Diffraction patterns
observed in the images indicate the amorphous structure of layers. Polycrystalline
LiBi3Ses films were obtained under condensation at the substrate temperature of
400 K. Crystallization is connected with increased temperature of the substrate. As
Ts increases, the mobility of atoms absorbed on the substrate also increases, resulting
in the crystallization energy barrier being overcome. Even a small 3 K increase
of the substrate temperature (40-600 K) due to focusing the electron beam causes
the growth of separate needle-like crystallites, which means that a self-organization
process taking place.

Electrical measurements were carried out under applied electric field of up to
4-10* V/m. An analysis of the experimental current-voltage characteristics has
exhibited a quasi-tunneling mechanism of carrier transport: a two-step process under
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direct applied voltage and one-step transfer under reverse direction. These results
suggest a considerable effect of the layer structure on carrier transport.

Thus, amorphous and polycrystalline Li-Bi-Se thin films of various composition
were prepared by the resistive evaporation technique from a quasi-closed volume.
Condensation on glass substrates at various temperatures of the substrate (300 K
and 400 K) made it possible to obtain amorphous LiBiSe; films and polycrystalline
LiBi3Ses layers. The amorphous films’ surface was globule-and-cluster in charac-
ter. Room-temperature current-voltage characteristics of the amorphous films demon-
strated tunneling and space charge-limited currents due to peculiarities of the film
surface.
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The process of research of low-dimensional structures opens new prospects in cre-
ation of semiconductor lasers, memory elements and one-electron transistors. Quan-
tum dots (QDs) in which particles are confined in three directions are most interesting
for investigation. Many theoretical studies consider quantum dots modelled by spher-
ical quantum wells [1-2]. In [3], nanocrystal shape-dependent quasiparticle energy
levels have been analysed in spherical, cylindrical and cubic QDs. A QD is not always
cubic, cylindrical or spherical in real physical situations. An ellipsoidal QD which
can be considered spherical or cylindrical occurs more often under certain conditions.
A theoretical research of ellipsoidal QDs is completed in [4-5]. The energy spectrum
of a charged particle and an exciton is found. The influence of polarization effects on
a quasi-particle spectrum is investigated.

An electron energy spectrum in a twolayer ellipsoidal QD in the infinite band mis-
match approximation at the separation boundary of the media is found in the report.
The heterostructure is modelled with a quantum well confined with two ellipsoids
of rotation. The problem is solved in prolate spheroidal coordinates. In the effective
mass approximation the Hamiltonian of the system is written:

A K2

H=-V+U (),

2me

where m, is the electron effective mass.

The wave function form is found which makes it possible to study the quasiparticle
location probability. Also the energies of the ground and excited states in a twolayer
ellipsoidal QDs dependent on focal distances and parameters &1, & that determine
the QD region are investigated. Specific calculations are performed for the structures

GaAs/InAs/GaAs and glass/CdSe/glass.
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Decaying admixture diffusion processes in a body of a two-phase periodical strat-
ified structure are studied. An exact solution of the problem is found. Concentration
distributions regularities depending on the migrating substance decay intensity coef-
ficient values are studied.

One of the actual problems today is to describe and analyse mass transfer pro-
cesses in piecewise homogeneous spatially regular systems. Polycrystalline materials
or fine-dispersed composite structures are often modelled by such structures. More-
over, diffusing particles in distinct areas of the system are characterized by essentially
different diffusion coefficients and there is a mass exchange between the areas [1-3].

Exact solutions of diffusion initial-boundary value problems in bodies with regular
structures have been developed for a non-decaying substance in the paper [4, 5].
A similar problem for a decaying admixture is considered in this work. An exact
solution of the corresponding contact initial-boundary value problem of diffusion is
found. Mass flows in the contacting area are defined. An exact solution of the Fisher
problem is also obtained by the limiting process as well as a set of equations of
decaying particle diffusion by two ways in the continuum approximation.

Let a layer x( in thickness consist of two distinct periodically disposed areas per-
pendicular to the layer surfaces (Fig. 1a). Let it be assumed that areas with diffusion
coefficient D are 2L in width and the width of areas with coefficient Do is 2I. As
long as such a structure has a family of symmetry planes (y = £n(L +1), n = 0,
1, 2,...) a diffusion in a body element on the vertical boundaries of which the mass
fluxes equal zero in the direction of Oy-axis can be considered (Fig. 1b).

Decaying admixture concentrations ¢ (z,y,t) in the area Qy =]0;z([x]0; L[ and
c2(z,y,t) in the area Qg =]0; zo[x|L; L 4 [[ are determined from the equations

I T

86,‘ 82(:,- 826i
oD [

:| *)\C'Lﬁ InyQia 1= 1:2: (1)

where A is the intensity coefficient of the admixture particle decay.
Let assume zero initial conditions be assumed:

Cl(xvyvt)‘tzo = CQ(xvyat”t:O =0. (2)
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Figure 1: (a) A body structure; (b) a separated body element of such structure

The values of concentrations for ¢ > 0 constant are:

ci(z,y,t)],_o= cél) = const, ca(z,y,t)| o = c(()z) = const; (3)
Oci(z,y,t dca(w,y,t
(@9 ey = 2y )y, =0 2AEBD] - BEBDE )
Y y=0 Y y=L+l

Conditions of non-ideal contact formulated for functions of concentrations

D aCl (‘Tv Y, t)

302(%% t)
klcl(x7y’t)|y:[/ = ]43202(157% t)|y:La P11 8’!} = P2D27 9

y=L 8y ’y-L

(5)
are imposed on the contact surface y = L where k1 and ko (k1 # ko) are coefficients
of the concentrating dependence of chemical potentials in the areas 21 and Qs, p1
and py are the densities of those areas.

A solution of the problem (1)—(5) is found by integral transformations over space
variables outside the contacting areas €; and s [4, 5]. At first the finite Fourier
sine transform is applied with respect to variable z (v — x, =nw/xg, n=1, 2, ...;
ci(z,y,t) — ¢ (n,y,t), =1, 2). Then, the values of mass flows on the contact boundary
are redefined by the second contact condition

oe n, ,t oc n, 7t
1Dy 1(n,y,t) — poDs 2(n,y,t)

= S Lit)y=g(t 6
e S g(n,L,t)=g(t) (6)

and the finite Fourier cosine transform is applied with respect to variable y in the area
Q:y—ypr=kr/L, k=0,1,2,...; é&(n,y,t)— é(n,k,t) and cosine transform with a
shift (y—L) is applied in the area Qqo: y — ypm =mn/l, m=0, 1, 2, ...; é(n,y,t) —
é2(n,m,t). Having obtained solutions of ordinary differential equations, the unknown
function g(t) is found from the first contact condition of the concentration jump on
the interphase.

Finally,

ZTo n

— 2 (1)
B § : Dy (22
Cl(l"y’t) cél) (1 . ) Sin(xnl’)e 1(@y +A)E {CODI
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are obtained where

o, { ko) Dye=D2(@n 0= _ g, 1) Dlewmiﬂ)(m')}

ke~ Pr@i+0=t) /(o) L) + kge= P20+t /(pol) + 28, (t — /)’

g(t') = (8)

Sult—t) =3 { kL Dy (a2 tat(r/ny?)a—r) _ (Z1)7ke e—Dz(Ii+)\+(j‘rr/l)2)(t—t’):|

o pL p2l

and L1 = L, Lg =1

The obtained analytical expressions (7) and (8) give an opportunity to find ad-
mixture mass flows through the layer.

It should be noted that when the functions of concentration ¢;(z,y,t) are averaged
over the whole width of the body element [0; L + ] and certain physically justified
dependences are assumed between mass fluxes and chemical potentials on a contact
surface, a set of mass transfer equations is obtained by two ways in the continuum
approximation [6].

Moreover the following natural dimensionless variables can be used with respect
to the problem (1)—(5) and the equations of heterodiffusion by two ways:

1/2

T=lhot, E= (/%2/[)1)1/2 T, = (1232/D1) Y, (9)

where ks is a parameter characterizing the particle transition from slow into quick
diffusion.

If the width of area s is set closer to infinity [ — co(L # 0) in the relationships
(1)—(8), the Fisher problem [3, 7] is obtained for a layer modeling diffusion of decaying
particles in a polycrystal along the grain boundary.

A numerical analysis shows that if a substance decay process is allowed, this can
be lead to qualitative changes in the behaviour of concentration functions in layer
structural elements.

It should be also remarked that the proposed method for finding an exact solution
of contact initial-boundary value problems of decaying substance diffusion does not
impose any restrictions on the sizes of contacting areas. Hence, it can be suitable
both for bodies with comparable sizes of contacting regions and in cases when one
area width is much larger(or smaller) than another.

Finally, it should be noted that taking into account the form of equations (1)—(5),
solutions of the mass transfer problem in horizontally periodical structures can be
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used for studying heat transfer processes in such bodies considering the conditions of
ideal contact as a partial case of the one presented in the work.
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The linearized classical theory of piezoelectrics does not take into account the
interaction between mechanical and electromagnetic fields in isotropic materials [1, 2].
One of the first attempts to take such an interaction into account has been made in
Ref. [3] where the parameters space which describes the state of a dielectric has been
extended to contain the tensors of induced charges and electromagnetic stresses in
addition to the usual parameters such as temperature, strain tensor and mechanical
stresses [3]. In Ref. [4] a gradient model of piezoelectrics has been proposed in which it
is assumed that the state of a dielectric depends on the polarization vector gradient.
The model modified in this way describes correctly the anomalous dependence of
a thin dielectric layer’s capacitance on its thickness [5], observed experimentally by
Mead [6]. It predicts the electric potential’s non-linear distribution and polarization
in thin dielectric films [5].

Recently, it has been proposed [7, 8] to take into account the local mass displace-
ment effect in order to describe correctly the electro-magneto-thermo-mechanical pro-
cesses in polarized solids; the reason for the local mass displacement is the ordering of
the molecular structure of a solid. The local mass displacement leads to an extension
of the parameters space and to additional bulk ponderomotive forces. Now, two addi-
tional pairs of parameters are introduced to describe the local thermodynamic state
of a dielectric: (i) the specific density of induced mass p,, and the reduced potential,
e = px — p, where p, is the energy measure of the influence of the mass displace-
ment on the internal energy and p is the chemical potential, and (ii) the vector 7,
of specific mass displacement and the gradient of the reduced potential V..

The basic set of equations for a non-ferromagnetic, isotropic, polarized medium,
expressed in terms of the displacement vector u, magnetic induction B, electric field E
and the function p! is [7] (we have used the isothermic approximation and neglected
the irreversibility of the local mass and charge displacements):

6211 o o agp o aep -
PopE = (al +az — od” V(V-u)+ajAu+ JVM; + poF,
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where g9 and pg are the electric permittivity and magnetic permeability of vacuum
(electric and magnetic constants), p. is the density of free electric charges and pg is
the mass density in the reference state, ¢ is the time, af, a9, o, ak, ak,, ag, aep, and
ap, are material parameters, il = pul. — plo, fino is the reduced potential p in the
reference state, and V is the nabla operator.

It is worth noting that if we exclude the function u!. from the set of equations
(1), we obtain a set of non-local linearized equations for a polarized isotropic medium
which takes into account the interaction between the mechanical and electrical pro-
cesses.

As an example, we apply the above-mentioned equations to the investigation of
coupled electromechanical fields in a thin dielectric film. Let us consider a dielec-
tric layer placed between z = +I. The electric potential ¢ = £V is kept fixed on
the corresponding surfaces of the dielectric. From the set of equations (1), and us-
ing the appropriate boundary conditions (see Refs. [2, 5]), we obtain for the inverse
capacitance C' 1, electric potential ¢, and polarization p:

oA 1+ x (M)~ tgh (A1)
co(1+x) 1+ ky A\ tgh (AL
1 {x sinh()\*x)}

1+ x~"Adcoth (A Q) | I sinh(A,)

(2)

p@) =V +V(k=1) 3)

1+ x~"cosh (A.z)sinh ™t (A1)
(k - 1) 1 ) (4)
1+ x 1Al coth (Al)

where x is the dielectric susceptibility, k is a phenomenological constant, 0 < k& < 1
[1, 5], and

2

)\2 _ 1 Aep 1 . pOG/%]u :|

abar poap af + 2ag — agp/(poa*p‘)] [ azeo (14 X) + poai,

We have taken advantage of the fact that af, = —xeo/po and akay < 0. The
quantity 1/X\, has a length dimension and describes characteristic distances of the
problem in question.

The results of our calculations are shown in Fig. 1. The solid lines are obtained
using Eq. (2) while the dashed lines correspond to the classical theory of piezoelectrics.
As can be seen, the linear part of the plot in Fig. 1a is well above the curve obtained

from the classical theory which is in agreement with the experimental results [6].
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Figure 1: (a) Dependence of capacitance on film thickness; the solid line is obtained using
Eq. (2) and the dashed line corresponds to the classical theory; (b) the polarization (curves 1
and 2) and the electric potential (curves 3 and 4) as functions of the distance z /I for A\l =5
(curves 1 and 3) and A.l = 20 (curves 2 and 4), the line code as in (a)

Figure 1b illustrates the non-linearity of the polarization (curves 1 and 2) and the
electric potential (curves 3 and 4) in films of different thicknesses (curves 1, 3 and
2, 4 correspond to A\l =5 and \.l = 20, respectively). We note that similar results
have also been obtained by [4, 5] who have used the gradient model of piezoelectrics.

Using the present approach (described in detail in Refs. [7, 8]), the stress-strained
state of a dielectric film, the surface polarization and the charge, the disjoining pres-
sure and their dependence on the film thickness and material characteristics have also
been studied. The solutions of the corresponding boundary problems have been used
to calculate the lateral force which appears in films of a varying thickness. We note
that also the irreversibility of local displacement of mass is taken into account. It has
also been shown that the disjoining pressure and lateral forces can highly influence
the strength and stability of thin films in which non-uniform surface regions intersect.
We have also shown that the formation of a new surface in a dielectric leads to an
electromagnetic “signal” which can be used, for instance, for passive (electromagnetic)
diagnostics of constructions built from dielectric materials.
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Temperature Dependence of FMR Spectra
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Two samples of magnetic nanoparticles v-FeoO3 (with an average size of about
10 nm) forming two different agglomerates (one about 1.5 mm (sample 2) and the
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Figure 1: (a) Temperature dependence of FMR spectra; (b) temperature dependence of

resonance field H,(T); (c) temperature dependence of linewidth AHy,(T); (d) temperature
dependence of amplitude App(d)
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other 0.5 mm (sample 1)) in glue have been prepared. The the FMR (ferromagnetic
resonance) line position at room temperature is centered at about geg ~2 which is
essentially different from the FMR line position for small size agglomerates [1, 2]. The
temperature dependence of FMR spectra has been investigated (Fig. 1la, sample 2).
Very interesting behavior of the FMR parameters has been observed (Fig. 1b, ¢, d).
The resonance field is strongly dependent on temperature in both the investigated
samples but the thermal dependence of other FMR parameters is strongly influenced
by the agglomerate size.
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The Dynamics of Endohedral Fullerene
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The composite of endo-fullerenes and a carbon nanotube has many interesting
electrical and mechanical properties that make it a candidate for a nanoelectronics
switching device [1]. KT@Cgy endohedral fullerenes have been simulated inside arm-
chair and zigzag nanotubes. The Brenner-Tersoff potential has been used to simulate
bonds in carbon structures, the Lennard- Jones potential for the carbon-carbon in-
teraction in different carbon structures and the Coulomb interaction for KT-K* ions.
No extra conditions have been imposed on my system. The potassium ions velocity
autocorrelation function and its Fourier transform, the angular velocity correlation
function of Cgp molecules, the radial distribution function of K+ ions and the velocity
autocorrelation function of a nanotube surface have been calculated as the dynamical
properties.
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Figure 1: Endohedral fullerene molecules trapped inside carbon nanotube cage
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The Dynamics of 5CB Mesogene Molecules
Between Graphite Walls — MD Study

A. Dawid® W. Gwizdata

University of Silesia, Institute of Physics
Uniwersytecka 4, Katowice 40-007, Poland
2 dawidQus. edu.pl

Classical molecular dynamics simulations have been performed for a thin layer of
5CB (4-n-pentyl-4’-cyanobiphenyl) molecules confined between two parallel graphite
walls. The molecules have been treated as rigid bodies interacting via the van der
Waals interaction with 2-dimensional periodic boundary conditions. The distance be-
tween the graphite walls has been changing between 2.2-3.0 nm. The dynamics of a
thin layer of 5CB mezogenes has been investigated at room temperatures by calculat-
ing the translational and angular velocity autocorrelation functions of the mesogene
molecule, its mean square displacement and diffusion coefficient. Several liquid crys-
tal properties of a thin film have been studied. We have found a strong correlation
between the dynamics of mesogene molecules and the separation distance between
graphite planes.

Figure 1: A snapshot of instantaneous configuration of 5CB molecules between graphite walls
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Studying the properties of molecules in nanoscale confinement reveals effects not
observed in bulk systems [1-2] and is of great importance to biology, geology and
materials science. Glycerol belongs to the most extensively studied hydrogen-bonded
systems. The presence of three hydroxy groups in a glycerol molecule gives rise to its
complex structural properties and dynamical behaviour. We have performed a molec-
ular dynamics simulation of a glycerol molecular cluster confined inside a single walled
carbon nanotube and we have studied the effect of confinement on the cluster’s struc-
ture and dynamics.
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Schemes in electromagnetically induced transparency (EIT) which would sup-
port multiple-transparency windows are of interest, e.g., for slowing light pulses,
simultaneously at close-lying wavelengths. For this purpose a dense hfs structure of
the 85Rb(5D5/2) state can be utilized in a stepwise 53, /3(F = 3)—5P3/5(F' = 3)«
5D5,2(F" =4, 3, 2) process [1].

The experiment was performed with cold 3Rb atoms in a magneto-optical trap
(MOT) [2]. The coupling laser was set in the region of 5Pg /o (F" = 3)«5D5 /5 (F" =4,
3, 2) triple resonance. The probing laser was tuned across the transition 5S; /o(F'=3)—
5P3/5(F"=3) and its transmission was registered.

In the presence of a coupling laser, the absorption line is engraved with the trans-
parency windows. These windows are due to the hfs structure of the 5D5/, state. The
shape of transmission spectra depends on the intensity and detuning of the coupling
laser. In order to reproduce and interpret our experimental results, a five-level model
of the hfs structure of an Rb atom (similar to the one used in [1]) was applied. All
the experimental results agree well with the theoretical results.
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This work presents a method of producing an open porous structure based on
a ceramic high 7. YBayCu3O7_s (YBCO) superconductor “filled with a sugar sup-
plement”. The basic characteristic R(7") curves for various external magnetic fields are
also presented. The obtained results reveal a significant influence of the pore presence
in the samples on the electrical resistance values, especially in the range of T, (off set).
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Molecular Dynamics Simulation Study
of Titanium-decorated Fullerene Cluster
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Titanium decorated carbon nanotubes or fullerenes are considered to be a potential
hydrogen-storage media. We have studied (MD method) a small titanium-decorated
fullerene cluster (Cgp[TiHz]s)7 over a wide range of energy, from the solid state to
the vaporization of the nanosystem. A low energy, solid state structure of the clus-
ter has been obtained (pentagonal bipyramid). Several physical characteristics: the
radial distribution function, the mean square displacement, the translational velocity
autocorrelation function and its Fourier transform, the Lindemann index, the specific
heat, etc. have been calculated for a wide range of energy of the studied system.
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Molecular dynamics (MD) studies for a homocysteine (C4HgNO2S) layer located
between parallel graphite walls are presented. We have calculated several dynamical
observables of a homocysteine at the physiological temperature of 7'=309 K. Several
physical characteristics: the radial distribution function, the mean square displace-
ment, the translational velocity autocorrelation function and its Fourier transform,
the second rank order parameter have been calculated. The attention has been fo-
cused on the total dipole moment autocorrelation function, the dielectric loss spec-
trum €”(v) and the absorption coefficient «(v). A comparison with the dielectric
relaxation of a pure homocysteine sample (without a graphite wall) is also presented
and discussed.
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Samples of a (TiC,N;_,—Si—(C—N))/C system encapsulated in carbon cages have
been prepared by a sol-gel method, both before and after a thermal annealing process.
In both kinds of samples a very narrow ESR line arising from electron magnetic local-
ized centers can be observed. At low temperatures in particular, a spin reorientation
process, plausibly influencing the magnetic interaction character is registered. On the
other hand, the thermal annealing process in an NH-atmosphere is recognizable as
a critical factor of the critical points of a magnetic transition within a nanocomposite
as well as the prevailing interaction mechanism for each major temperature regime.
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Spinodal Decomposition Phenomenon
in the Ising Model
within the Dynamic Lattice Liquid (DLL) Model
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The phase separation process during phase transition has been investigated for
many years. This phenomenon is of great importance for materials engineering. When
a single phase binary system, being initially in a homogeneous (disordered) phase,
is rapidly quenched into a two-phase inhomogeneous (ordered) region, small inho-
mogeneities evolve into a macroscopic network of domains of equilibrium phases.
A unique pattern occurs. The length scale of the ordered regions increases with time
to achieve the equilibrium state. This phenomenon is known as a spinodal decom-
position. There are several approaches to a numerical simulation of this process: the
Cahn-Hilliard (CH) equation and its modifications [1], molecular dynamics and Monte
Carlo (MC) methods. The last group of methods allows us to investigate relatively big
systems and long times. A typical model used in MC simulations is the Ising model
which represents a mixture consisting of two types of particles on a lattice with the
nearest neighbor interaction. Two sorts of movement mechanism have been used in
most common investigations: Kawasaki (direct exchange of two particles) [2] and va-
cancy dynamics (empty sides are present on the lattice) [2, 3]. Nevertheless, those
methods have weak representation in real systems. A high vacancy concentration
leads to unrealistic results. On the other hand, a single vacancy (which corresponds
to vacancy concentration ~107% for typical system size) does not change the phase
diagram considerably [2] but the following questions may be asked: Why not to use
two or more vacancies? How big should the system be to ensure proper dynamics of
phase separation in that case?

In our approach we have used the Dynamic Lattice Liquid algorithm (DLL) [4].
It permits simulation of dense systems with all the lattice sites occupied (it is not
accessible by other known lattice simulation methods) and parallel treatment of all
particles. A simple model of a liquid, within the DLL frame, is considered as an as-
sembly of structureless beads occupying lattice sites, as illustrated in Fig. 1. Beads
oscillate around lattice nodes with a frequency of attempts to move to the neigh-
boring lattice sites. Those attempts can be successful only when the sum of vectors,
representing simultaneously attempted displacements of a group of elements is close to
zero (a dense system under the excluded volume condition and local continuity preser-
vation). In the other case, the attempts fail and the beads remain in the presently
occupied lattice sites.
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Figure 1: Figure 1: Schematic system representation in the DLL algorithm, the vector field
represents displacement attempts to the neighboring lattice sites. The marked areas illustrate
various local situations: 1 — elements are trying to move in the opposite direction (unsuccess-
ful attempt), 2 — an attempt of motion starts from an element which will not be replaced by
any of its neighbors (unsuccessful attempt), 3 — each element replaces one of its neighbors
(successful attempt)

Practical application of the DLL algorithm of a simple liquid consists of three
main steps.

(1) Random generation of the vector field representing motion attempts (one vector
is assigned to each bead in the athermal case).

(2) Selection of attempts satisfying the continuity condition — closed loops, indicat-
ing paths of possible successful rearrangements.

(3) Displacement of beads along these closed paths to the neighboring sites (each
bead replaces its neighbor).

Every bead attempts to move simultaneously (in parallel) towards one of the
nearest-neighboring sites, within every time step. An element attempts to move only
in one direction within a single time step (it is impossible to cross the motion paths).
The DLL algorithm is ergodic and has been successfully used in a diffusion limited
aggregation simulation [5], polymer dynamics and reaction front evolution investi-
gation [6]. Our results have been obtained on a two dimensional triangular lattice
(128x128) with periodic boundary conditions. The number of particles has been con-
stant with the particle exchange probability following the Metropolis rule. We have
focused on a scaling regime that develops at different times after the quench (the
size of domains follows the Lifshitz scaling law), local concentration field and system
morphology (Figure 2).

We have noticed that the domain structure is similar to those obtained with the
vacancy models [2] and starts to develop after about 1000 MCs. This value is in dis-
agreement, with previous studies because the introduction of vacancy into the system
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Figure 2: Snapshot pictures of the system (2.J/kT = 0.70) for different time moments (Monte
Carlo steps)

accelerates the phase separation kinetics. We believe that vacancy dynamics is too
fast despite a local effect on the domain interfaces because it does not involve cooper-
ative displacements of particles. We have also investigated the threshold value of the
interaction parameter J for order-disorder transition (Figure 3).
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Figure 3: Energy per particle and energy fluctuation versus the interaction parameter for
a given time moment; order-disorder transition is evident

The critical value of 2J/kT is about 0.4 and it is in perfect agreement with the
theoretical value close to 0.405 from the effective Hamiltonian approximation method
by T. Oguchi for a triangular lattice. The critical 2J/kT for vacancy dynamics is
about 0.45.
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A group of four chromium phosphate powder samples: CroP4013, 8-CrPOy,
Cr4(P207)3 and Cr(POs3)3 has been investigated using the X-band electron paramag-
netic resonance (EPR) technique. The crystal structure of all the compounds is known
and has been confirmed by the XRD powder diffraction method. The appearance of
CrOg octahedra, edge shared with a group of PO, tetrahedra, is a characteristic fea-
ture of the analyzed structures determining also the magnetic properties of chromium
phosphates.

An analysis of the EPR signal has been performed in the temperature range of
68-300 K. A strong EPR signal from chromium isolated ions has appeared for the
whole samples. The signal has consisted of two Lorentzian lines, split to a larger
or smaller extent, at a constant resonance position, described by the spectroscopic
parameter geg ~ 1.972, being a typical value for Cr®t ions. The EPR signal integral
intensity as a function of a temperature has indeed revealed some deviation from the
Curie-Weiss behavior, suggesting that for the resonance signal not only isolated Cr3+
paramagnetic ions are responsible but complex chromium magnetic systems, i.e. pairs
or clusters, as well.

An analysis of the EPR linewidth and integral intensity has allowed us to estimate
the relative concentration of the isolated chromium paramagnetic sites in relation to
the concentration of the complex magnetic centers. A concentration of the isolated
Cr3* paramagnetic sites is relatively highest in the CroP40135 compound and lowest
in the Cr(POg3)3 ones. In this latter case the EPR signal arises mainly from complex
chromium magnetic centers. The linewidth increases with the increasing temperature
in this case, contrary to the other analyzed compounds.

Strong antiferromagnetic interactions between Cr3t paramagnetic centers have
been found for all investigated phosphates with the Curie-Weiss temperature param-
eter of § &~ —140 K. The Cr3* centers appear to be substituted at the octahedral sites
and the exchange antiferromagnetic interactions are transferred by phosphorus tetra-
hedra permitting collective behavior of Cr ions and creation of complex chromium
magnetic centers.
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Application of lanthanide(III) ions in molecular chemistry has been a very ac-
tive field of research recently. These ions can be used in the design of novel probes
of biomedical interest [1] and in the preparation of new kinds of catalysts and en-
zymes [2-4]. Their high magnetic moments together with their magnetic anisotropy
are of particular interest in the field of molecular magnetism. The magnetic studies
have been mostly limited to the case where the lanthanide(III) ion is Gd(III). In one
of our previous papers we have presented the EPR properties of a gadolinium Schiff
base macroacyclic complex (LnL = (Ln = Gd, L = tripodal heptadentate N4O3 tris
[2-(salicylideneamino)ethyl]amine: Co7H27N4O3Cl3Gd, marked also as 33TGd) [5]. In
this paper, IR spectroscopic and magnetic properties of the dysprosium(III) macroa-
cyclic tripodal Schiff base (tris[5-(chlorosalicylideneamino)ethyllamine) complex are
reported (33TDy). The positions of v(C = N) and v(OH) stretching bonds indicate
that the azomethine group nitrogen and the phenolic OH group oxygen are coor-
dinated to a rare earth ion. In the EPR spectra, two main spectral components at
a low magnetic field region (< 300 mT) are observed independently from the tem-
perature. The components in questions are attributed to Dy3* ions with the effective
spin S = 1/2. The magnetic anisotropy between 3 and 23 K is practically constant
as evidenced by only a marginal change of the spread of g-factors. Above 23 K the
gy-factor increases strongly with the temperature increase giving rise to a very high
magnetic anisotropy of the complex. Such behaviour of the magnetic anisotropy at
higher temperatures could be an effect of the dynamical changes caused by an in-
crease in the spin-lattice rate. A very small value of the Curie-Weiss constant and the
lack of any meaningful thermal changes of the linewidths indicate the absence of any
significant interactions between the Dy(III) complexes below 20 K. The temperature
dependence of the total integrated intensity above 20 K indicates the existence of
a small number of antiferromagnetically coupled pairs with the excited, non-magnetic
state, lying about 33(1) K above the ground state.
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Some new cobalt, copper, cadmium and rare-earth metal tungstates (RE = Gd
and Er) prepared by the conventional solid-state reaction are presented in this pa-
per. The obtained phases have been studied by the X-ray powder diffraction (XRD),
DTA-TG, IR and EPR methods to provide some information concerning their phys-
ical and chemical properties. A particular emphasis has been placed on determining
the basic properties of the new obtained compounds CoRE4;W3015, Coo RE2W3014,
CuzREsW 4015, CORE2W501g, CuRE2W2019 and CARE3W2019. The authors sug-
gest that the anion lattice of CugsREoW 4013 compounds has been built by isolated
groups of octahedra (W;015)8~, while the anion lattice of the CuRE;W501¢ phases
has been built by joint WOg octahedra forming structural elements [(W20g)%7] .

The observed EPR spectra of the Cugs RE;W 4,015 compounds consist of a broad,
intense line from rare-earth ions and a narrow line (g =~ 2.0) from isolated Cu?*
ions. A similar pattern has been observed in case of the CAREsW2019 compound
excluding the Cd signal forming fine and hyperfine structures. The EPR spectrum
of the CoGd4W3014 compound reveals the presence of a single, asymmetric, fea-
tureless, wide, dysonian like a signal originating from exchange interactions of Gd3+
ions. The EPR spectrum of CooGdaW3014 is very similar. Such a signal is charac-
teristic for condensed conducting magnetic materials. The intensity versus temper-
ature reveals a Curie-Weiss dependence, giving T, = —11.7 for CoGd4W3016 and
T. = —12 K for CooGdaW3014, indicating an antiferromagnetic interaction. In most
cases of CuWOy4 + RE;WOg compounds the dominating interaction in the rare earths
spin system is ferromagnetic (Tcw=1, 5-3, 5 K). In case of the CdGd;W301¢ com-
pound, the dominating interaction is antiferromagnetic (Tew =~ —20 K).
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SBN61 pure, SBN61:Cr (0.01 wt. %), SBN61:Co (0.01 wt. %), SBN61:Ni (0.01
wt. %, 0.5 wt. %) and SBN61:Ce (0.01 wt. %) single crystals were grown using the
modified Stepanov technique in the A. M. Prokhorov General Physics Institute, Rus-
sian Academy of Sciences. Absorption measurements of the crystals were taken using a
Perkin-Elmer spectrophotometer and compared to the SBN58 single crystals obtained
by the Czochralski method, and analyzed elsewhere [1].

The following parameters were analyzed in the frame of dielectrical measurements:
electric permittivity ¢/, the compound’s conductivity and loss tangent, both as a func-
tion of temperature (290-400 K) at 10 kHz and frequency (1 Hz-100 kHz). Conduc-
tivity activation energies and ferroelectric temperatures of relaxor type phase transi-
tions of pure and SBN61 crystals doped with Co, Cr, Ni and Ce were established and
compared with SBN58 crystals [2, 3]. The measurement set consisted of a Hewlett
Packard bridge HP4192A, a wide temperature range measurement chamber, a temper-
ature control unit (SHIMADEN TSR25/Pt100), and a computer. Direct observations
of the domain structure’s evolution during the polarization reversal were made for
pure SBN61 by the nematic liquid crystal decoration technique and compared with
the previous results for SBN58:Cr crystal.
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It is an open question how the energy spectrum of a quantum system is related to
the interaction potential geometry. A simplified diatomic model in which interaction
is represented by the Morse potential is studies. In particular, the question whether
anew bound state appears due to the interaction potential deformation is investigated.
The problem of possible new bound states is important for the nanotube technology.

References

(1] P. Exner, S. Kondej, “Bound states due to a strong J interaction suported by a curved
surface” Journal of Physics A: Mathematical and General 36, (2003) 443-457

[2] S. Kondej, I. Veseli¢, “Lower bounds on the lowest spectral gap of singular potential
Hamiltonians” Annales Henri Poincaré 8 1 (2007) 109-134

[3] M. M. Nieto and L. M. Simmons, Jr, “Eigenstates, coherent states, and uncertainty
products for the Morse oscillator” Phys. Rev. A 19 (1979) 438-444

105



P2 1 5th International Workshop on Functional and Nanostructured Materials
31 August — 6 September 2008, Lviv, Ukraine

Interaction of Components
and Anomalous High Conductivity
in Polyaniline-Polymethylmethacrylate
Nanocomposites

O. Aksimentyeva', O. Konopelnyk!, B. Tsizh?
I. Opainych?, J. Ulanski®, G. Martyniuk!

! Lwiv Ivan Franko National University
6 Kyrylo and Mephodii str., 79005 L'viv, Ukraine

2 Kazimierz Wielki University in Bydgoszcz
Chodkiewicza 30, Bydgoszcz, 85-064, Poland

3 Technical University of Lodz
Zeromskiego 116, 90-924 Lodz, Poland

Conducting polymers such as polyaniline (PANI) have received great attention
due to their simple synthesis, good environmental stability and electrical conductiv-
ity. However, major problems relating to successful utilization of PANI such as poor
mechanical properties and solubility remain an unsolved problem [1]. To improve
the mechanical properties and processability of PANI, blending with other polymers
such as polymethylmethacrylate (PMMA) is employed. PANI may be considered as a
mesoscopic metal (a “nanometal”) with the primary particle diameters in the range
between 10 and 20 nm [2]. A nanosize of polymer particles is preserved in the poly-
mer composites obtained by nanotechnology methods (polymer blending in cosolvent,
template and matrix synthesis, etc.). The mechanism of electron transport in such
nanosystems is a topic of great interest. One of the reasons for the anomalous behavior
of conductivity in polymer blends may be the interaction of components. To disclose
this problem the structure and electrical properties of the nanocomposites obtained
by disperse PANI blending in a PMMA dielectric matrix [3] have been studied.

It is found that electrical conductivity of polymer composites can be controlled in
a wide range (more than 12 orders of magnitude) by a small amount of PANI. The
conductivity dependence on the PANI concentration can be explained by a percolation
model with an extremely low ,percolation threshold” in the range of 0.8-2.6 vol. %
of PANI. The temperature dependence of the specific conductivity for PMMA-PANI
composites is characteristics for organic semiconductors. The effective activation en-
ergy for charge transport depends on the PANT content in the composite. An anoma-
lously high specific conductivity in PMMA-PANI composites is observed at the PANI
concentration exceeding the percolation threshold, in the interval of 5-10 vol. %. Its
value exceeds the value of specific conductivity for acid doped PANI. To explain this
phenomenon, the methods of IR Raman spectroscopy, electron spin resonance (ESR)
and UV-vis. absorption spectroscopy have been employed.
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Raman spectra (Figure 1) show that significant changes occur in the bands corre-
sponding to the nitrogen atom in the PANI macrochain (2500-3500 cm™!) and ester
oxygen attributed to PMMA (1270-1200 cm~! and 2180 cm™!) as the PANI content
of composites increases.
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Figure 1: Raman spectra of PMMA-PANI composites

An ESR study of the spin dynamic in PANI-PMMA composites has been car-
ried out in the temperature interval of 4.2-300 K. For polymer composites the line
width, AHpp, broadens from 3.5 Oe (PANI) to 8.3 Oe (PMMA-10%PANI), which
is evidence of delocalization of the charge carriers in PANI affected by the PMMA
dielectric polymer matrix [4]. The existence of a weak intermolecular interaction in
the PMMA and PANI solutions at different ratios of polymers has been confirmed
by the electron spectroscopy. The obtained results give a possibility to suggest that
the anomalous high conductivity of the PMMA-PANI composites may be caused by
“secondary doping” of PANI with a PMMA macrochain. Such additional doping leads
to higher electrical conductivity in a composite as compared with unblended PANI.
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It is known that gadolinium-gallium garnet (Gd;GazO12) is widely used in differ-
ent areas of science and technology. The luminescence output and threshold generation
energy of lasers are to a great extent determined by the presence of trap levels and
recombination centers which show up in the thermostimulated luminescence (TSL).

The thermostimulated luminescence, luminescence excitation spectra, emission
spectra under photo- and X-ray excitation, luminescence decay kinetics of Gd3GasO12
(GGQG) garnet ceramics have been investigated in this paper.

GGG ceramic samples have been prepared by standard ceramic technology such
as a high temperature solid-state synthesis. The Cr impurity content varies from 0.01
to 0.1 mol. %.

An X-ray diffraction has been carried out on a DRON-4,0 diffractometer by the
powder method using FeK,-radiation. The formation of a Cd3Gas;O;5 garnet phase
has been established from an analysis of the received diffractograms.

There is a wide band in the spectral region 650-800 nm with a maximum at
Am =716 nm in the luminescence spectra of samples with 0.01 and 0.1 mol.% Cr
at optical excitation (Aezn =470 nm) at a RT which can be attributed to emission
transitions (*Ty —?A5) in the Cr®t activator ions. A redistribution of luminescence
bands intensity is observed with the temperature lowering to 85 K. The luminescence
spectra of Cr®t ions in GGG at X-ray excitation correlate with the PL spectra.

The decay kinetics of activator ions emission in GGG ceramics has been inves-
tigated. The two components of Cr activator luminescence decay are most probably
related to the emission transitions in different types of Cr®* ions centers.

Two basic peaks are detected with the maxima at ~ 360 and 490 K on the thermo-
luminescence (TL) glow curves of unactivated samples. Besides, a high temperature
maximum at 490 K and an additional peak at 384 K appear on the TL glow curve
in the activated samples with the chromium impurity concentration of 0.01 mol.%.
TSL peaks of GGG: Cr samples are complicated and can occur as a superposition of
several elementary peaks. The decomposition of TL glow curves has been realized.

The illumination of preliminary X-ray irradiated GGG: 0.1 mol.% Cr samples leads
to a change in the relative intensity of some peaks. Illumination by light through a K5-15
filter does not influence the intensity of the high temperature peaks at 490-510 K and
bleaches approximately with the 30% TL glow intensity in the 330-420 K region. Illu-
mination through a 0S-12 filter leads to a decrease in the intensity all TSL peaks.
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The activation energies of traps which are responsible for the appearance of TSL in
the 295-600 K region have been estimated. It is shown that delocalization of electrons
from Cr3*e traps leads to the appearance of a TL glow peak at 390 K. The nature
of other TSL peaks is discussed. The mechanisms of TSL and OSL processes are
suggested.
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In recent years much attention has been paid to the nitride and oxynitride thin
films. In particular, NbN is a hard coating material with many commercial applica-
tions. The relatively high superconducting critical temperature (up to 16 K) allows
NbN to be used in Josephson junctions and in several superconducting microelectron-
ics applications.

This work presents the results of investigations of the electrical conductivity and
structure of NbN—TiN thin films. The nitride films were prepared with the method of
thermal nitridation of sol-gel-derived oxide films with ammonia (ammonolysis). Sol-
gel-derived £NbyO5—(100—z)SiO2 (where =90, 80, 70, 60, 50, 40, 0 mol%) coatings
were nitrided at 1200EC to obtain NbN—TiN films. The structural transformations
occurring in the films as a result of ammonolysis were studied using X-ray Diffrac-
tion (XRD), Atomic Force Microscopy (AFM) and X-ray Photoelectron Spectroscopy
(XPS). The electrical conductivity was measured with the conventional four-terminal
method in the temperature range from 5 to 280 K. NbN—TiN samples exhibit a neg-
ative temperature coefficient of resistivity. The positive temperature coefficient of
resistivity was observed only for a TiN sample. The results of conductivity versus
temperature may be described on the grounds of a model proposed for a weakly dis-
ordered system. The superconducting transition was seen for the sample containing
2 =60% of NbyO3 initially.
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The properties of exohedral and endohedral nano-complexes based on a single
walled carbon nanotube are the subject of many theoretical and experimental studies
due to their specific properties and potential applications [1-4]. The structure and the
dynamics of van der Waals thin film coating of single walled carbon nanotube have
been studied in a series of molecular dynamics simulations. The examined systems
have been composed of carbon nanotube and the van der Waals mono and multilayer
thin film surrounding SWNT. In order to investigate the influence of the substratum
to the properties of the thin film, the nanotubes of different chirality and diameter
have been used.
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Photoacoustic (PA) spectra of f-f transitions in EraO3 have been recorded at room
temperature (Figure 1). The PA spectra consist of many absorption lines in the visible
region of electromagnetic radiation. The registered spectra have been compared with
the PA spectra of Er-hydrazone and Er-hydrazine complexes [1, 2]. A more intense PA
line is observed at 523 nm for erbium organometallic complexes in comparison with
an erbium oxide sample, while a line at 667 nm has been twice as strong. The oxide
erbium has shown more f-f transitions than erbium(IIT) embedded in an organic
matrix (Figure 1) [1, 2].
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Figure 1: Photoacoustic spectrum of Er(III) in EroO3 oxide
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The aggregates of oppositely charged NP are used in the fields of, e.g., optoelec-
tronics, high-density data storage, catalysis or biological sensing [1, 2]. The quality of
the aggregates depends strongly on the process of their self-assembly (crystallization).
In particular, the size distributions of the NP play the crucial role [3]. However, a deep
understanding of the underlying physical phenomena is still missing. We address this
topic using Molecular Dynamics technique (Nose-Hoover algorithm) combined with
standard Metropolis Monte Carlo method. We study a system of a few thousands
of NP, interacting via soft sphere repulsive forces and screened coulombic attrac-
tion/repulsion:

o\ ¢Gq; 1 ..
U(Tij) =der g (—> + =21 ¢ kr”,
Tij 47T€0€R Tij
where o denotes the NP diameter, g;, g; — the charges, ¢y — dielectric constant of
vacuum, ep — relative dielectric constant of solvent, kK = 1/rp — reciprocal screening
length.

We analyze the cases when the size distributions of positively and negatively
charged NP are (i) identical o-like distributions; (ii) non-identical d-like distribu-
tions; (iii) fully overlapping broad identical distributions; and (iv) non-overlapping
broad distributions. In each of those cases the distributions of the sizes of the clusters
are monitored. The results are in a semi-quantitative agreement with experimental
observations.
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The nanocrystalline structure formation during a crystallization process in “Fine-
met” alloys is the reason for the increasing interest in studying crystallization process
kinetics at various thermal treatment regimes. In this work the isothermal crystalliza-
tion kinetics occurring in an Fers 1Si15.5B7.4Nbs oCuy ¢ alloy at temperatures 683, 695
and 708 K has been studied by means of the X-ray high temperature diffractometry.
In order to determine the volume fraction of crystalline phase (X(t)) the diffrac-
tion curves have been considered as a total of partial curves related to amorphous
and crystalline phases, comparing their integral intensities. The phase transforma-
tion mechanism at isothermal annealing process has been studied analyzing the time
dependence of the crystalline phase volume fraction. The slope of X (¢) plotted in
a double logarithmic scale has been used to calculate both the kinetics coefficient
and the crystallization activation energy of 0.5 and 207 kJ/mol, respectively. This
kinetic coefficient value suggests the governing role of the diffusive-controlled growth
factor in the formation of a nanocrystalline structure during initial crystallization of
an Fer31Si15.5B7.4Nbs ¢Cuy o amorphous alloy.

This conclusion is confirmed by the fact that the FesSi nanocrystalls density equals
to 10?2 m™3 and is in fact unchangeable in the annealing duration. Besides, the
diffusive-controlled mechanism of nanocrystalls growth is confirmed by an analysis
of Fe3Si mean nanocrystalls size dependence on time. It has been found that the
effective diffusion coefficient value at 683 K equals to 10722 m?/s which is evidence
of the damping of the Fe3Si nanocrystalls growth process. The most probable reason
for this damping is a collision of diffusion regions enriched with Nb and B.
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A tight-binding (TB) driven molecular-dynamics (MD) simulation of liquid copper
in a periodic supercell was performed using our own computer code. The structure
of the obtained liquid is discussed and compared with the available empirical data and
results of other simulations, in terms of pair correlation functions, angular distribution
functions and electronic density of states.
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The methods of non-equilibrium thermodynamics and solid mechanics make it
possible to formulate a set of equations for describing physic-mechanical processes in
solids. The basic model constructing concepts and model parameters being consid-
ered yield a different circle of effects that the obtained theory is capable of describing.
A variety of size effects characteristic for thin films and fibres is well-known to be
described with an approach of nonlocal theories [1]. It is known that the account of
a gradient of chemical potential for the local gradient approach theory in thermo-
mechanics makes it possible to describe interface phenomena as well as a possibility
of investigating the size effect of strength and the plasticity point [2]. We shall not
attempt to compare the approach considered in this paper to different approaches in
nonlocal theories of solids which have been developed over the last decades to study
interface phenomena. We shall formulate constitutive equations for the geometrical
linearized approach using the values per unit volume.

Let us consider a deformable thermoelastic solid. Neglecting the convective time
derivative component, the balance equations for total energy E, mechanical motion
momentum E, entropy S and density of mass p are the following:

OB </, _ .- - ok o .
877V(0~1}7TJ57HJm), S-=V-o,

oS I ap Lo

E—*V‘JS‘FUS, g—*vgjm (].)

where U represents the velosity vector; 7" and H are the temperature and chemical
potential; fs, Jm are the vectors of entropy and mass fluxes.

For a classical thermoelastic body model fm = 0 resulting in the relation p =
px = const, whereas for a local gradient thermoelastic body model for one component
solids we suppose [2]
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For entropy flux Js in common case we can write its dependence on the corresponding
thermodymamical force for a given state:

L VT -
Jo=J, (—%;U), J.(0;U) =0. (3)

The generalisation of Gibbs’ relation for local gradient approach takes the form
dU = TdS + Hdp + VH - dll,, + 6 : dé, (4)

where U is the internal energy, € is the strain tensor.

On the basis of the relation (4) it can be said that the basic state parameters
S, p,IL,,,, é determine the conjugate parameters T, H, VH, & by such state equations
ou _ou ou ou

VH = —— & =

T=2 - o9
as’ ap’ O 9é (5)

We shall consider linear constitutive equations (3),(5) for isotropic materials. Using
the balance equations (1),(2) and the strain compatibility conditions a full set of
linearized equations for isotropic thermoelastic body model in a steady state at a
local gradient approach choosing stresses &, temperature § = T — T, and chemical
potential n = H — H, perturbations for key functions have the form:

.. A 0 -
V x {CT - {ma — 2#(0&9 — O["L’l’]):| I} xV = 07

V-6=0, V2 — k% — K20 — K20 = 0, V26 = 0. (6)
Here I is the identity tensor; ¢ = & : I; ” x” denotes tensor product; A, Wy, Qs K2,
k2, k% are constants.

Let us consider an equilibrium state of the isotropic thermoelastic layer (domain
|z] <1 in the Cartesian coordinates (x,y, z)). Assuming that the boundary conditions
permit a one-dimensional solution the set (6) can be written in the form:

dQUy:dQO'z:b_m@ %:0 @_HQU_HQQ_HQUZO
dx? dz? 2 dz?’  dx T dx? ¢ s ’
where by, = 4p(3X\ + 2u) i /(A + 2p).

We accept the following boundary conditions:

0. (£l) =0, n(£l) = na, O(£l) = b,

l 1 1 1
/ oydx = 2p, / o.dr =0, / zoydr =0, / zo,dr = 0. (8)
—1 —1 —1 —1

We get a solution of the problem (7),(8)in the following form:
K2Na + K2p + K20, (cosh(ix) B 1)
§x(&0) cosh(&l) ’

( by K710 + k2D + K70, (cosh(€x)  tgh(€l)
=S T e (Cosh(fl) S )

n(x) = ne +

117



P29 5th International Workshop on Functional and Nanostructured Materials
31 August — 6 September 2008, Lviv, Ukraine

oy(z) =p+o.(zr),  0(z)=0ba. 9)

Here €2 = k2 + by, x(€0) = 1 — D(1 — tgh(€0)/(€D)), D = bk /€2,

Now, it is clear from (9) that the chemical potential n/n, equals 1 at the body
boundary and decreases at |x| — 0. It approaches 0 in the middle of thick layers,
therefore, in this case, the chemical potential approximately equals one for media
(H =~ H,). In a natural body state (p = 0,0, = 0) stresses oy (z),0,(z) in the middle
of the layer are negative while they are positive near the surface and reach an extreme
value at surfaces x = +l. Surface stresses in a layer depend on the thickness. The value
of o, (%!) increases at [ — oo to the surface stress quantity for the semispace.

The extremal values of stresses are important for strength investigations. The
maximum extending stress in the layer is o, (£l) that is equal to

1 K°00 + K3p + K70. 1 — x(&0)
2 K3 x(&0)

We suppose that the theoretical breaking stress (the first classical theory in fracture
mechanics) is oP. Assuming that the body will collapse if fracture condition holds at

a point of the body, we obtain oy (£l) = oP as a fracture criterion for the stretched
layer. From (10) we find the breaking load of the layer:

r_2x(€D) 0P K210 + K20, 1 — x(€)
1+ x(¢0) K3 1+ x(&l)

For thick layers x(¢l) =~ 1 — D and by

oy () = p+ (10)

(11)

_ 2(1-D) p K2n, D

T 9D 7 k2 2-D (12)

the quantity that can be interpreted as a strength point for the load of thick layers
at the initial temperature on the basis of (11)and (12) we obtain the relation:

p_2-D x(€) ( x€) D 1 —X(£Z)> K210 1= x(€l) K30q
1—-D1+yx(E) " 1+x(E)1—D 1+x(&)) &2 1+ x(€) ﬁ%')
13

The relation (13) describes both the temperature and size effects of strength. For
thick layers (£ >> 1) we obtain a linear decrease in strength with temperature

2
D k3

2 g 14
2 — D k2 (14)

k _
p =04 -

that corresponds to the known experimental data. As follows from (12) and (11)
magnitude of p* changes between the o? and o, i.e.

of >pF >0,

Now, we will consider the deformation criterion of a fracture. The constitutive
equation for strain can be written in the form:

1 A .
s= — 5 - ——2 o) 1. 1
é 2u0+ (até’ Qm SN T 2 O’) (15)
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Taking into account the fact that o, =0, oy = p+ 0, from (15) we have

A A+2u

= o’ T 2B 2p)

0, + i — amn.
If mechanical and thermal load is absent (p =0, 6, = 0) then
ey =e

*:7/\4_2# 0y — Q7
Yoo2u(BA+2p) T

The layer loading changes the deformation for the value

. A+ p

_ AR L e,
T Bt T

ey —
As a result, if there is an accepted strain criterion of the fracture, the size effects are

absent. This result corresponds to the experimental investigations of the fracture size
effects [3].
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Elastic properties are among the fundamental characteristics of a material in terms
of practical application. One of the quantities describing the elastic properties of solids
is the Poisson’s ratio [1]. In recent years a growing interest in materials exhibiting
anomalous elastic properties, such as the negative Poisson ratio [2] has been observed.
These materials, commonly known as auxetics [3], behave contrary to what we see
every day, i.e. they increase (decrease) their transverse dimensions as a result of
the applied longitudinal stretching (compressing). To manufacture a material with
such extraordinary elastic property which is very useful from the point of view of
the practical applications [2, 4-6], broad knowledge and deep understanding of the
processes and phenomena governing the material’s elastic properties is required. One
way to acquire such knowledge is to study simple, well defined models where the
influence of various structural level factors on macroscopic, elastic properties of the
material can be shown explicitly.

Our research is focused on examining the influence of various types of structural
aperiodicity on macroscopic elastic properties of the studied models. In this work
a three-dimensional model system of diatomic, rigid molecules (dimers), interacting
via soft, pair potential (n-inverse-power) is studied. Dimers form both, periodic and
aperiodic (DC) phases. A comparison of elastic properties of periodic and aperiodic
systems, and thus the influence of a structural disorder, is presented. This research
is meant to extend the knowledge about possible microscopic mechanisms, both in
two- [7] and three- dimensions [8, 9] which may lead to anomalous elastic properties
of materials [10, 11]
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Nanoscale magnetic composites have unique properties for application in biology,
medicine, digital technology and theoretical investigations [1-4]. Creation of polymer
composites with metal oxide compounds requires an understanding of the component
interaction nature and studying the size effect in composites which may provide con-
trol over the parameters in the obtained materials. In our report the investigation of
the synthesis and characterization of polymer nanocomposites with non-aggregated
magnetic particles, synthesized on the basis of a high dispersion magnet suspension is
presented. One of the most important features of finely divided materials determining
their physico-chemical and processing properties is their granulometric composition.
The quality of the produced composites depends to a considerable extent on the dis-
persion ability of a magnetic slurry. In most cases magnetic dispersion is obtained by
mechanical dispersion. However, it does not give a possibility of obtaining a magnetite
with a high scale of dispersion ability. It is expedient to obtain a highly dispersive
magnetite by a condensation method. Besides inflecting the conditions of synthesizing,
a possibility is afforded to influence the degree of dispersion.

We have studied the aggregate stability of magnetite samples obtained by the
condensation method [5]. A sedimentation analysis is frequently applied to control
the dispersivity of powders in both industry and science.

A sedimentation analysis of aqueous dispersions of magnetite models has been
carried out by the weight method, applying torsion-balance techniques. The sedimen-
tation curves have been processed by the piece-wise smooth-approximation method,
and a set of dispersivity parameters has been determined. This method makes it pos-
sible to describe the kinetics of subsidence of a slurry by a finite number of rectilinear
parts and to gain accounts characteristic for an analytical method, of the average
quantitative characteristics of the dispersion ability.

The curves of sedimentation of a powdered magnetite included in miscellaneous
amounts in the investigated disperse systems are presented in Figure 1.

The histograms characterizing a fractional composition of the obtained slurries
represent a synthesized magnetite in an acidic environment and much highly dispersive
magnetite particles are formed which is testified by the histograms in Figure 2.
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Figure 1: Curves of powdered magnetite sedimentation; magnetite synthesized in acidic en-
vironment. The concentration of the disperse phase: 1 — 0.50%, 2 — 0.25%, 3 — 0.13%
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Figure 2: Histograms distribution of magnetite particles by radius. Magnetite synthesized in
acidic environment; the concentration of the disperse phase: (a) 0.50%, (b) 0.25%, (c) 0.13%;
probable radii of magnetite particles: (a) 1.84 pm, (b) 3.61 ym, (c) 5.32 pm

The influence of the quantitative substance on the aggregate stability of aqueous
dispersions of a magnetite has been studied in a dispersing medium by the sedimen-
tation analysis method. It has been shown that a reduction of the dispersed phase
amount leads to magnification of the aggregate stability of a magnetite in an aqueous
dispersing medium and reduction. The presence of an acidic environment results in
the formation of a more highly dispersive slurry [5].

Table 1: Physical-chemical properties of magnetite-polymer composites

Sample | FesO4 | Radius of | Magnetic Granule Tempera- Fe atom | Period of
No. |concen- | particles |susceptibility | radius for | ture of poly- | content in | elemen-
tration Fe3z 04 X - 1076 composite | merization |composite tary
[%] [pm] [cm® /g] [pm] t[°C] [at. %] | cell [A]
1 5.83 4.29 1797 1.5-2.0 65 4.2167 | 8.36(2)
2 5.97 4.29 1969.2 1.5-2.0 65 4.3119 8.357(9)
3 7.40 2.53 2822 2.0-2.5 80 5.3555 8.333(9)
4 7.71 2.53 2589 2.0-2.5 80 5.5788 8.35(2)
5 8.53 2.53 2123 2.5-3.0 80 6.1722 8.36(2)
6 11.03 4.29 2676 1.5-2.0 65 7.9793 8.338(2)
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Based on the obtained magnetite dispersion, the polymer assisted fabrication of
nanocomposites with non-aggregated magnetic particles by suspension polymerization
of vinyl monomers (styrene and butyl acrylate) has been carried out. The properties of
synthesized magnetic composites have been studied by investigation of the magnetic
susceptibility and an X-ray analysis [6]. The obtained results are presented in Table 1.

An analysis of the obtained results shows that the properties of magnet contained
composites depend both on the size of magnetite particles and the size of granules for
the dispersion of the investigated composites.
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Three types of samples containing concrete with and without a low concentration
of magnetic nanoparticles of nickel enclosed in carbon have been prepared. The sam-
ples have been investigated by the ferromagnetic resonance (FMR) and compression
strength methods.

sample 2

sample 3

sample 1

1000 2000 3000 4000 5000
magnetic field H [Gs]

Figure 1: Room temperature EPR spectra of concrete with and without magnetic — nanopar-
ticles

Figure 1 presents the FMR spectra of the following samples: concrete in powder
form (sample 1), concrete powder/nanoparticles (sample 2), and powder/nanoparti-
cles/water (sample 3). No difference is observed in the FMR spectra for the two former
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Figure 2: Room temperature compression strength (f.) of concrete with and without mag-
netic nanoparticles (dashed and solid lines, respectively)

cases. Samples containing magnetic nanoparticles have shown a wide and intense, al-
most symmetrical, FMR line (Fig. 1), while a sample with additional water molecules
have displayed an essentially lower intensity spectrum. These differences arise from
water molecules with a high dielectric constant value. A compression strength study
of samples with and without nickel nanoparticles has shown an over 15% difference in
both types of samples (Fig. 2). Interaction of magnetic nanoparticles in non-magnetic
materials could essentially change their physical properties.
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Crystals and glasses activated by Ho®' are promising materials for active ele-
ments of solid-state lasers, including diode pumped up-converted lasers. For these
reasons optical and spectroscopic properties of such materials have been extensively
investigated during last years [1]. This also concerns disordered crystals and glasses
of Ca0—Gaz03—GeOy (CGG) and similar systems activated by Ho>t that seem to
be promising materials for solid state lasers. At the present time, high quality Ho-
doped glasses with CazGasGe3z01a (or 3Ca0—Gaz03—3Ge02) garnet composition
have been obtained in corundum crucibles by a high-temperature synthesis technique
according to [2].

In the presented work the results of investigations of the ground state absorption
(GSA), excited state absorption (ESA), Stokes and anti-Stokes (up-converted) emis-
sion spectra as well as luminescence kinetics and the local structure of Ho?>t centres in
a holmium doped glass (content of HooO3 is 0.7 wt. %) are summarised and discussed.

Using electron paramagnetic resonance (EPR) and optical spectroscopy techniques
it has been shown that the Ho impurity is build in into the 3CaO—Gay03—3GeO,
glass network exclusively as Ho3" ions [3, 4] (electron configuration — 40, ground
state — °Ig). All transitions typical for Ho**t, in the UV and visible (absorption and lu-
minescence spectra) have been identified [3, 4]. The GSA absorption and luminescence
excitation spectra, measured in the 270-700 nm spectral range at temperatures 300
and 85 K consist of several absorption bands with a weakly resolved structure, which
correspond to the following f-f transitions: (°H, 5D, 1G)4, (°G, °D, 3G)4, (°F, °F,
5G)2, (3H6+3H5), (3K7+5G4), (5G, 3G)5, (5F1+5G6+3K3), (5F2+5F3), (5F4+582),
and 5F5.

The emission spectra measured at room and liquid nitrogen temperatures, under
excitation at Aexc =455 nm, consist of an intense band with a maximum near 545
nm (°F4, °S, —°Ig transitions) and several weak bands corresponding to 5Fz — °Ig,
5F5 —°Ig, and °S, —°I; transitions in the 480-800 nm spectral range [3].
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The GSA and luminescence (emission and excitation) spectra of the Ho3* centres
in glasses of a CGG system are almost independent on the basic glass composition and
temperature in the 85-300 K range and are characterised by significant inhomogeneous
broadening related to a disorder in the glass structure. The inhomogeneous broadening
in the optical spectra reflects a broad distribution of interatomic distances in the first
coordination sphere around the Ho3T centres and is connected with compositional
disordering of the second coordination sphere.

The Ho3* optical spectra have been analysed using the Judd-Ofelt theory. As
a result, the oscillator strengths, intensity parameters 29, (24, and g, radiative emis-
sion rates, branching ratios and radiative lifetime for Ho®t centres in the glass of
CazGasGezO12 composition have been calculated and analysed in comparison with
the corresponding parameters of oxide crystal and glasses of different compositions.

The luminescence decay curve for °Sy —5Ig transition (Amayx = 545 nm) of the Ho%+
centres under excitation with Aexc =455 nm has been satisfactorily described in the
framework of two-exponential approximations with lifetimes: 7 = 7.5 us, 72 =3.9 us,
obtained at T =295 K [4]. The two types of luminescence centres: Ho** (I) (7 =
7.5 us, relative amount — 57%) and Ho®*t (II) (72 = 3.9 us, relative amount — 43%)
in the 3Ca0—Gag03—3GeO2 glass network have been proposed in [4]. The obtained
experimental lifetimes have been compared and discussed with those calculated with
the Judd-Ofelt theory.

The local structure of Ho®t centres in the 3CaO—Gay03—3GeO4 glass network
is determined utilizing the luminescence kinetics and EXAFS (Extended X-ray Ab-
sorption Fine Structure) spectroscopy results. The structural parameters (interatomic
distances and coordination numbers to oxygen) for Ga and Ge atoms in the un-doped
and rare-earth (Ho, Eu, Er) doped glasses with CazGasGe3zO12 garnet compositions
have been obtained from the Ga and Ge K-edge EXAFS analysis [5, 6]. It has been
shown that the introduction of rare-earth ions modifies the local structure around
the Ga atoms in the glass network, whereas the Ge-subsystem in the glass structure
remains completely unaffected by the presence of rare-earth dopants. On the basis
of the obtained optical spectroscopy data and EXAFS spectra (Ls-edge) of the Ho,
Er, and Eu analysis, the local structure of the rare-earth luminescence centres in the
glass with CagGagGesOq composition, it has been shown that Ho?>* and other lu-
minescence centres occupy the glass network sites with the coordination number to
oxygen N =6 [7]. Because the EXAFS spectroscopy shows only one type of structural
positions for rare-earth luminescence centres in the glass network, it has been as-
sumed that two lifetime values correspond to two different ensembles of Ho3T centres
in the sites with N =6, which are characterised by long and short average lengths of
interatomic bonds.

The results of excited state absorption and up-converted emission spectra of Ho3*
centres in the examined glass have been presented and analysed. The observed ESA
transitions have been assigned on the energy levels diagram of the Ho?* ions. Accord-
ing to the ESA data the channels for an up-converted emission have been identified
and the predicted up-converted emission bands have been registered under Ar ion
laser excitation (A =488 nm) [8]. On the basis of the obtained results the scheme of

128



5th International Workshop on Functional and Nanostructured Materials P 33
31 August — 6 September 2008, Lviv, Ukraine

possible energy transfer and mechanism of up-converted transitions for Ho*t centres
in the investigated prototype material is proposed.
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The formalism, developed earlier, for the magnetoresistance exhibited by a mate-
rial, in the form of a rectangular parallelepiped, subjected to a perpendicular magnetic
field is shown to apply in the case whereby the carriers are constrained in a way as to
form a two dimensional gas. Utilizing parameters relating to the geometry of the car-
rier gas together with other parameters involved in our formulae such as temperature,
mobility, and carrier density we are able to obtain the quantized magnetoresistance
pertaining to the von Klitzing quantized Hall effect emerging at low temperature. The
analysis shows that derivation of the magnetoresistance, in question, results from com-
bination of the diffusion coefficient in terms of the magnetic field and the free field
carrier mobility. Indeed, by varying the zero field mobility one can see that for fixed
low temperature and given carrier density the almost zero resistance regions, char-
acteristic to the integer Hall effect, do not appear. Increase in the mobility leads
to the quantized magnetoresistance, and depending on the mobility value certain of
the narrow resistance elevations at values of the magnetic field associated with the
various filling factors may or may not become manifest. The case whereby such resis-
tance elevations hide out has been observed in experiments. However, depending on
the mobility value an uninterrupted succession of resistance elevations does appear.
Furthermore, the height of resistance elevations depends on the mobility.
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Over the last year the catalytic growth of carbon nanotubes (CNTs) has been ex-
tensively studied using different methods: laser ablation, arc-vaporization or catalytic
chemical vapor deposition [1-3]. These materials are produced together with a signif-
icant amount of other carbon products, such as amorphous carbon, carbon fibers and
graphitic particles. In case of production of CNTs by catalytic methods, the catalyst
particles remain in the product as an additional impurity. The separation of carbon
nanotubes from catalyst traces and catalyst carriers is most often performed using
hydrochloric [4], nitric [5] or hydrofluoric acids [6]. The oxidation method has been
applied for purification of carbon nanotubes of carbon impurities. Amorphous carbon
can be eliminated by oxidation in air flow [7] or by oxidation by potassium perman-
ganate [8], hydrogen peroxide [9], ozone [8], perchloric acid [8]. In contradiction to
detailed investigations concerning gasification of carbon by different oxidizing agents,
some data is available with respect to the gasification of carbon by hydrogen.

This paper deals with the studies of nanocarbon materials formation using a dou-
bly promoted (Al;O3, CaO) iron catalyst and ethylene as a carbon source. The car-
burisation processes were performed at 500°C and 550°C under atmospheric pressure.
The increase in the carbon mass was controlled using a thermobalance (considered
as an differential reactor). The samples after carburisation contained iron carbide
(cementite) and carbon structures in the form of carbon nanofibers and nanotubes.
The amorphous carbon can form as well and iron particles can be encapsulated by
graphitic coating. In order to remove the amorphous carbon and the thick carbon
nanofibers the samples were reduced with hydrogen in the range of temperatures
from 460°C to 520°C. As a result of this treatment the cementite was decomposed
to iron and methane. Amorphous carbon and thick carbon nanofibers were also re-
moved and multiwalled carbon nanotubes about 10-30 nm in diameter remained.
The samples after carburisation and hydrogenation were analyzed using the HRTEM
(High Resolution Transmission Electron Microscopy) method (Jeol JEM 3010) and
the X-ray diffraction method (Philips X’Pert).

The proposed method of reduction of nanocarbon materials with hydrogen can be
applied for controlled purification of multiwalled carbon nanotubes of carbon impu-
rities.
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Samples of an extended free radical network derived from condensation of cya-
nuric chloride with p-phenylenediamine have been used to obtain different concen-
trations of magnetic centres (free radicals and magnetic agglomerates). The iron
nitrate has been used as an oxidant and the temperature dependent magnetic res-
onance spectra have been measured in the 290-90 K range. The magnetic reso-
nance measurements at room temperature have shown a coexistence of two spectra
arising from two different magnetic centers: one narrow line at the resonance field
H, =3374.48(3) Gs (gegr = 2.0031(1)) with linewidth AH = 8.31(2) Gs, attributed
to a free radical, and another broad line at H, =2995(5) Gs (gest = 2.254(1)) with
linewidth AHpp, =1263(5) Gs, attributed to magnetic iron-oxide agglomerates. The
investigated samples have been prepared in such a way that the broader line has
been more intense. The temperature dependence of the magnetic resonance lines has
shown significant changes. The integrated intensities have decreased with the decreas-
ing temperatures in both spectra in a high temperature range.

This type of behavior is similar to that observed for magnetic nanoparticles in
nonmagnetic matrixes. The resonance field of the broad line shifts to lower magnetic
fields upon lowering the temperature with the gradient AH, /AT =1.5(1) Gs/K, while
the narrow line shifts towards higher magnetic fields with AH, /AT =0.020(1) Gs/K.
The linewidth of the broader line increases with the decreasing temperature while the
narrow line remains almost constant. Magnetic iron-oxide clusters could produce an
internal magnetic field which acts on free radicals. This field could induce free radicals
to form a magnetic ordered state at high temperatures.
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Electrophysical Properties of Thin Layers
of Intermetallic Compounds

V. Prysyazhnyuk, S. Mudry, O. Mykolaychuk

Department of Physics, Ivan Franko National University of L'viv
8 Kyrylo and Mephodii str., 79005 L'viv, Ukraine

Influence of thickness and conditions of precipitation on electrophysical properties
of Gd-Fe films was investigated. The films have been obtained by a thermal vacuum
evaporation of a polycrystalline charge of the respective composition. Thickness of
films has been determined with an optical interferometer (100-200 nanometers). The
temperature of substrates carriers varied in the range of 300-500 K. Our investigations
allowed us to conclude, that the value of electrical conduction, temperature coefficient
of resistance and thermoelectromotive force depend on many factors: film thickness,
preparation procedure and substrate temperature. Thermal annealing of films and
subsequent ageing for 1-3 years under stable conditions did not result in signifi-
cant changes of their electrophysical properties. This fact suggests that the character
of scattering in the explored films remains invariable. Three mechanisms of current
carriers dispersion, i.e. electron-phonon dispersion, dispersion due to the size effects
(when the thickness of a film becomes comparable to a free path of electrons) and
a dispersion of carriers at grain boundaries, contribute to the electrical conductivity
of amorphous films. Furthermore, three different deposition modes resulted in amor-
phous, amorphous-crystalline and polycrystalline films.
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Monte Carlo Simulations of Self-assembling
in Block Copolymer Brushes

P. Romiszowski, A. Sikorski
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Pasteura 1, 02-093 Warszawa, Poland

We studied a simplified model of a polymer brush formed by linear chains, which
positions were restricted to vertices of a simple cubic lattice. The macromolecules con-
sisted of a sequence of hydrophilic and hydrophobic segments arranged in a specific
sequence. The chains were grafted to an impenetrable surface, i.e. they were termi-
nally attached to the surface with one end. The properties of this model system were
determined by means of Monte Carlo simulations using a Metropolis-like sampling
algorithm based on local changes of chain’s conformations. The number of chains was
varied from low to high grafting density. The model system was studied at different
solvent quality from good to poor solvent. The structure and the dynamic properties
of the brush were determined and discussed.
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of Low Concentration of Nickel
Magnetic Nanoparticles in PBT-PTMO Polymer
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Fine particles of a face-centered-cubic phase of Ni embedded in a PBT-block-
PTMO polymer at a concentration of 0.1% have been prepared. The mean crystalline
size of Ni has varied from 8 nm to 30 nm. The FMR investigations have been carried
out in the 4-300 K temperature range (Fig. 1).
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Figure 1: Temperature dependence of the FMR spectra of Ni magnetic nanoparticles in
PBT-block-PTMO

An almost symmetrical and very intense magnetic resonance line has been recorded
for all the investigated samples. The resonance line is centered at g =2.240(2) (H, =
2988(1) Gs) with linewidth A H,, =560(2) Gs and its integrated intensity increases with
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a temperature increase. The resonance field (AH,/AT) gradient strongly depends on
the temperature with the following values in different temperature ranges:

o AH,/AT(temperature range 295-172 K) =1.1 Gs/K,

o AH,/AT(172-75 K) =8.5 Gs/K,

o AH,/AT(75-40 K) =0 Gs/K and

o AH,/AT(40-17 K) =70.7 Gs/K.

The internal magnetic field increases strongly at low temperature and shifts the res-
onance field to very a small field below 17 K. The linewidth increases with a temperature
decrease and its strong change is registered below 40 K.
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Features of Light Scattering
by Surface Fractal Structures
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The average coefficient of light scattering by surface fractal structures in the frame
of the Kirchhoff method has been calculated in this paper. A normalized band-limited
Weierstrass function is presented for modeling 2D fractal rough surfaces. Scattering
indicatrises diagrams for various surfaces and falling angles have been calculated on
the basis of a numerical calculation of the average scattering coefficient. An analysis of
the diagrams has resulted in the following conclusions: the scattering is symmetrical
with respect to the fall plane; the picture becomes complicated with an increase in the
surface calibration degree; the greatest intensity of a scattering wave is observed in
a mirror direction; there are other directions in which bursts of intensity are observed.
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Nanopowders SiO2, ZnO and composites based on these materials are widely used
in modern nanoelectronics, medical chemistry and other fields of science and technol-
ogy. Moreover, nano-SiOs is used for modification of properties of other nanomaterials.
Namely, the ZnO—SiO5 nanocomposites luminescence is more intensive than in case
of nano-ZnO. Luminescent sensors and high-effective displays are developed on the
basis of these compounds. The characteristics of nano-SiO5 are improved by the in-
troduction of vanadium nanoclusters and the effect of VoOs-microphase formation
has been observed for some V/Si ratios.

Scale factors, stability and reproductivity of nanomaterials characteristics rely
on point defects. Vacancy type structural defects are more adequate for undoped
nanopowders. If one (unpaired) electron is localized at such a defect, detection of
EPR (electronic paramagnetic resonance) signal is possible. Thus, the EPR method is
appropriate for the control of nanopowders with a paramagnetic impurities synthesis.

In this study, ZnO and SiO3—xV505 (2 =0-10%) nanopowders obtained by the
sol-gel method have been investigated by the EPR technique [1] at the liquid nitrogen
temperature. Moreover, the luminescent properties of the samples have been studied.
A raster electron microscope-analyzer has been applied for the investigation of the
surface morphology and chemical element-wise composition of the samples.

As a result, complex EPR spectra with low-intense and relatively narrow lines
(with 0.5-0.9 mT half-widths) for parent materials have been registered. For both
nanomaterials, the most intensive EPR signal has been detected in the vicinity of
the free electron g-factor (the isotropic g-factor assumption gives 2.001+0.001 and
1.99840.001 for SiO2—V205 and ZnO, respectively). The discovered paramagnetic
centers are anticipated to be single-charged vacancies in an oxygen sublattice (oxygen
vacancy with one captured electron). The fine structure of the SiO2—V205 nanocom-
posite EPR line (eight equidistant components) is suggested to be due to an interac-
tion between the unpaired electron and the nucleus V°!. The low-intense EPR signals
for ZnO at higher magnetic fields with respect to the position of the major signal
(g-factors are 1.97540.001 and 1.96040.001) are due to a shallow donor state and un-
controlled impurity, respectively. In this study, the influences of UV-irradiation and
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high temperature treatments in various atmospheres on the EPR signals have been
investigated. The existence of the “ion V—E’-center” complex as a probable defect in
nano-SiOs—V505 and other models of point defects in nanopowders are discussed.
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On the Photovoltaic Effect
in a Hybrid Heterojunction
Formed from Palladium Phthalocyanine
and Titanium Dioxide Layers
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Hybrid devices formed from titanium dioxide (TiOz) and polymers as well as low
molecular weight organic compounds exhibit interesting photovoltaic properties. In
such kind of devices, TiOy constitutes an n-type semiconductor with a high light
transmission and a good chemical and thermal stability. The organic materials should
then exhibit the holes transport and high light absorption ability. The fundamental
process of charge carrier photogeneration in these systems results from the dissociation
of the excited state of an organic material at the TiO2/organic interface, which leads
to the electron transfer to the conduction band of TiOs and the hole moving in the
organic material.

The work presents the results of research on photovoltaic properties of a system
formed from tin oxide, titanium dioxide, palladium phthalocyanine and gold. TiO,
films were deposited using a sol-gel method, PdPc and Au were subsequently evap-
orated under a high vacuum. In the dark the system exhibits a strong rectification
effect, while an effective photogeneration of charge carriers within the TiO2/PdPc
junction is observed under illumination. The experimental relations of short-circuit
current and open-circuit voltage versus light intensity suggest that interface states
participate in generation-recombination processes.

This work has been supported by Polish Ministry of Science and Higher Education
with a grant for 2006-2009 under Program No. 3T11B06530.
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Characterization of Thin Conductive
Polymer Films Deposited by Ionic Sputtering
in Crossed Electromagnetic Field
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The technological conditions for conductive polymer thin films by ionic sputtering
in argon atmosphere are considered. Ionic sputtering of polyaniline in crossed electro-
magnetic fields results in formation of conductive polymer films. The method allows
to obtain chemically sensitive polymer films without additional doping.
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On Weakly Dispersive Multiple-trapping Transport
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The equations for multiple-trapping carrier transport, corresponding to the time-
of-flight (TOF) method, are approximately solved under assumption that the majority
of carriers are in thermal quasi-equilibrium. The solutions show a Gaussian shape of
the carrier packet. For a dispersive transport regime, the mean velocity of the carrier
sheet decreases in time and its dispersion grows faster than the square time root.
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Figure 1: Current transients, calculated for the exponential trap distribution, N;(g)
exp(—e/kT.), and several values of the parameter o = T'/T.. Solid lines and points denote
analytical and numerical results, respectively, arrows indicate the effective carrier transit-
times

The final formulas which determine the time dependence of current intensity, I (¢),
and the effective carrier transit-time, 7, are:

I(t)=10(), t<r,
/ 0 ) dt' = 7,
0
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with ®
€0
O (t) ~ Cy N:(e)7r(e)de, O(t) <« 1.

0
€t

Here, I is the initial current intensity, 7y — the free carrier time-of-flight, C; — the
carrier capture coefficient, & — the trap depth, ¢? — the minimum trap depth, g¢ (t) =
kT In (1.8vpt) — the demarcation level, Ny (¢) — the trap density per energy unit,
7.(6) = vy ' exp(e/kT) — the mean carrier trapping time (with k — the Boltzmann
constant, 7' — the temperature, vy — the frequency factor).

The obtained formulas generalize those derived in [1, 2]. Their accuracy is verified
by Monte Carlo calculations for exponential and Gaussian trap distributions. A sat-
isfactory agreement is obtained up to the effective carrier transit-time, provided that
the trap density falls-off sufficiently fast in the energy gap (Figure 1). The methods of
determining the energetic trap profiles in disordered solids from TOF measurements
are considered.
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Elastic properties of a two-dimensional model system of “tetramer” particles inter-
acting through a site-site pure hard potential interaction are studied. The tetramers
are composed of four identical hard “atoms” positioned at the corners of a square with
the linear dimension equal to the disk diameter [1]. The elastic properties of a chriral
tetramer crystal with square symmetry are investigated by constant pressure Monte
Carlo simulations with a variable shape of the periodic box. It is found that the
Poisson’s ratio of this simple tetramer system is negative and equal to —0.36 (1).
In addition to extending the known classes of auxetic systems, the tetramer system
described here, when stretched along the crystalline axes, has significantly stronger
auxetic properties [2, 3] than similar planar systems composed of either trimer [4] or
hexamer particles [5, 6].
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Chalcogenide glass materials on the base of SbSI arouse considerable scientific and
practical interest, for the crystalline antimony sulphoiodide is a well-known quasi-one-
dimensional ferroelectric semiconductor.

In this report the results of investigations of the structure and dielectric properties
(e and tand) of glassy SbSI and (SbSI)1p9—_s(As2Ss), glasses with a small content of
AssS3 (z =3, 5, 10) and their change during heat treatment are presented. Glassy
alloys were prepared with the melt quenched technique in evacuated (~0.01 Pa)
quarts ampoules. The melts were hardened in cold (273 K) water. The Raman spectra
of glassy, crystallized and crystalline materials were investigated at A = 6328 A with
a resolution of 1-3 cm™!. The investigations of diffractograms were carried out on
a DRON-3 X-ray apparatus (A=1.5418 A).

It has been shown that anomalies in the temperature dependences of € and tan
are connected with a transition of glasses into a polar state during the structural
relaxation and its subsequent crystallization. The polar state which arises during the
softening is accompanied by breaking and switching of the chemical bonds Sb—S,
As—S(Se), As—I, Sb—I in binary structural groupings which form a glass matrix and
by forming ternary chain structural (SbSI)1go—.(As2S3), groups with high polariz-
ability.

The investigations of Raman spectra and diffractograms have shown that the phase
structure arising in the (SbSI)199—(As2S3). (x =0, 3, 5, 10) glass matrix during its
crystallization corresponds to the crystalline antimony sulphoiodide structure. The
Raman spectra of crystallized glasses have sharp bands at 108-110, 138-140 and
318-320 cm~!. The maxima of these bands for polycrystalline SbSI are at 108, 138
and 318 cm™!'. The position of lines on the diffractograms of crystallized glasses
agrees well enough with the position of intensive lines on the polycrystalline SbSI
diffractogram. The intensity of lines on the diffractograms and the Raman spectra
bands of crystallized glasses is increasing while their half-widths are getting smaller
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when the annealing time is increasing and the temperature is growing. It testifies
to the growing size of SbSI crystals in a glass matrix and their structural ordering.
The structural relaxation is followed by a change of the absorption edge’s slope and
position. Crystallization of glasses is accompanied by a sharp increase in the dielectric
parameters.

The effect of heat and time related treatment modes on the structure and di-
electrics properties of crystallized glasses of the SbSI—As,S3 system have been de-
termined. It has been shown that ferroelectrics nanoceramics with grain sizes of 10—
20 nm is obtained at the annealing temperatures near those noted at the beginning
of crystallization and at shorter annealing times. The growing annealing temperature
and time lead to the growing size of crystalline inclusions and dielectric permittivity.
The value € of crystallized glasses reaches 50-70 units and its temperature coeflicient
a=(1/¢)(de/dT) in 293-423 K interval is (3-8)-10~4 K~! in absolute figures. More-
over, depending on the heat treatment composition and mode, glass ceramics with
both positive and negative a. can be obtained. The maxima confirming the presence
of a smeared ferroelectric phase transition therein, the parameters of which depend
on the chemical composition and heat treatment conditions have been found in the
dependences of ¢(T") and tan §(7T") in the region of 250-290 K.
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Compounds in the multicompent vanadates system M—Fe—V—0O (M =Zn, Mg,
Ni, Cu) attract much interest because of their intricate magnetic properties due to
a disorder in metal positions and oxygen deficiency [1-5]. They crystallize in a triclinic
system and have a complicated structure with two subsystems of metal ions. Poly-
crystalline samples of ZnzFe,VgOo4 prepared by the solid-state reaction technique
have been studied by magnetic and electron paramagnetic resonance (EPR) methods
in the 4-300 K temperature range. Static magnetic susceptibility measurements have
shown the presence of a strong antiferromagnetic interaction (Curie-Weiss tempera-
ture © = —101 K) in the Fe®* sublattice. The effective magnetic moment of a unit cell
(about 11 pp for four iron ions) indicates significant presence of Fe3* in a low-spin
state. At low temperature (below 6 K) clear indications of the spin-glass state have
been registered in the temperature dependence of susceptibility. EPR spectra have
consisted of two components: a very broad line registered in high temperature (above
15 K) and a narrow line below 15 K. The EPR amplitude of the broad component has
decreased with the temperature decrease while the opposite trend has been observed
for the narrow line. On decreasing the temperature from RT, the broad line shifts
slightly towards a higher magnetic field and its linewidth increases. Large changes
of the g-factor and linewidth of this line are observed below 75 K. The temperature
dependence of the EPR integrated intensity of the broad line has shown a marked
anomaly at about 220 K in contrast to the static magnetic susceptibility where no
such irregularity has been observed. The studied magnetic properties of ZnzFes;VgOay
will be discussed in terms of inherent magnetic inhomogeneity of this compound with
competing magnetic interactions and spin clusters.
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Pulsed laser deposition (PLD) is successfully used to grow many different materials.
We present the results of experimental and theoretical data on the electrophysical and
photoelectrical properties of Hgy _,, Cd, Te (2~ 0.20) thin films. The films were prepared
by the PLD technique (Nd:YAG laser: A ~ 1064 nm; A7 =10 ns; f ~ 0.5 Hz) on glass
and Al;Ogsubstrates at different temperatures and pulse laser regimes.

The growth kinetics of films is investigated in the PLD process. A change of the
resistive resistance of the grown Hg; _, Cd, Te layer with the preliminary deposited Ag-
contacts is measured by a METEX ohmmeter connected to a PC. According to the
number of laser impulses, conductivity is derived from the film resistive resistance and
its time dependence is found at Ty, =30°C and Ty, = 200°C. We have observed rather
high specific conductivity of films with small thicknesses (less than 10 nm), and its sig-
nificant decrease (by 100 times) with a minimum value at thicknesses of about 100 nm.
At larger thicknesses slow growth of specific conductivity is observed. It indicates a pre-
vailing process of metal atoms condensation (an increase in the adhesion coefficient),
more likely of Cd atoms at the initial stages of film growth. The laser beam overlap-
ping during growth has made it possible to find a real temperature of the film growth.
The real temperature of the grown layers is estimated due to a concentration of proper
charge carriers in a nondegenerate semiconductor model.

This temperature is 250°C higher than that of the substrate and results from the
local heating of the film material by laser plasma. Radiation defects generated with laser
plasma also influence the electroconductivity of the newly grown films. The process of
annealing of such radiation defects takes a few hours at room temperature.
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ITO covered glass was used as substrates for laser epitaxy of pentacene (Coo H14)
films. Different orientation of the substrate with respect to the pentacene plasma
plume was applied. Thin pentacene films were deposited using a YAG:Nd3T laser
with second harmonic (A = 532nm). The electrical properties of the structures were
analyzed on the basis of the current-voltage characteristics. The current- voltage char-
acteristics are interpreted in relation to the molecular structure properties of the pen-
tacene films and the pentacene/contact, pentacene/substrate interface. The carrier
transport mechanisms for different interfaces and structures are presented.

Organic films fabrication offers a possibility of manufacturing low weight, me-
chanically flexible and low cost electronic devices. The material that is the subject
of great interest is pentacene which is characterized by the largest carrier mobility
(1,5 em?/Vs) [1, 2]. In the 2005 report, the authors tell about a new field mobility
record in a Samsung transistor: 7 cm?/Vs [3]. The molecular structure of pentacene
layers affects strongly its functional properties, therefore, understanding the processes
of growth which permit finding a way to control and optimize the structure, is the
basis of the technology development. Structural properties strongly depend on the
substrate type, on its surface properties, growth conditions and production method.
We propose the pulse laser deposition (PLD) method as an alternative method of ob-
taining pentacene layers on a cold substrate [4-8]. This method provides a high degree
of flexibility in the use of materials, their geometrical arrangements, and adjustment
of growth parameters. The various growth conditions result in different layer growth
mechanisms, different organic/inorganic interface properties and a different energy
level alignment. In respect of organic material growth on inorganic substrates we
have an additional possibility of forming different types of interfaces in respect of
arranging molecules in the first monolayer [9].

In the case of a pentacene layer, different types of pentacene/substrate inter-
faces result not only in a different molecular structure, but lead to modifying the
energy-band structure and the carrier transport mechanism, as well. In this work the
influence of the ITO/glass substrate surface orientation with respect to the plasma
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plume propagation direction on the pentacene films properties has been investigated
by an analysis of the current voltage characteristics.

target

P6ATDH

P6ATa

plume

Figure 1: Sample orientation with respect to the plasma plume

Pentacene films were obtained by the PLD method using a YAG:Nd3™ laser with
the 532 nm (II harmonics) wavelength, 40 ns pulse time and fluence of the range of
930 mJ/cm?. The layers were deposited in a vacuum chamber with a turbomolecular
pump PFEIFFER TMH/U 071 which provides a 108 hPa vacuum. The Au top con-
tact was prepared by thermal evaporation. The I-V characteristics were measured for
two samples (P6ATa, P6ATD) obtained in one technological cycle for the geometrical
arrangement presented in Fig. 1. The sample structure details, contact configuration
and measurements setup were presented in Fig. 2. The measurements were performed
for two-electrode configurations, sandwich and slit-like geometry (Fig. 2b, 2c, respec-
tively).

(a) (b) ()

1 pentacene
mm .
H Au top contacts Au top contacts
7 = = 50 nm
35 é pentacene V| —————
= ]
- ITO ®

7mm contact
|'—'1 glass

Figure 2: Sample structure and contact configuration: (a) top view; (b) sandwich configura-
tion; (c) slit-like configuration

The properties of organic layers depend strongly on the deposition conditions, laser
beam parameters and substrate properties. Figure 3 presents SEM images for samples
P6ATa and P6ATD obtained in one technological cycle. The surface morphology for
these samples has a few features: different thick, randomly distributed particles with a
different shape and a different growth mode. A lower growth rate resulting from a lower
plume flux density for P6ATD leads to a decrease in the number of inhomogeneities
and the formation of a fractal-like surface structure which is characteristic for organic
films.

The difference in electrical properties is recognized to be dependent on the sub-
strate orientation with respect to the pentacene plasma plume. A fine structure of I-V
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Figure 3: SEM images of P6ATa (left) and P6ATbD (right) samples

characteristics determined by a differential approach includes the following peculiar-
ities of the behavior of curves with the differential slope= 1; 1.25; 2; 0.5; —1; —2.
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We present X-ray absorption fine structure (XAFS) investigation of the 20%Pt
supported on Vulcan XC-72 operating as a cathode catalyst in a polymer electrolyte
membrane fuel cell (PEM FC). XAFS spectroscopy has been performed in situ us-
ing a specially optimized for that measurement fuel cell [1]. High quality low-noise
spectra have been obtained using transmission mode in a whole XAFS range, giving
possibility to perform MS EXAFS data-analysis for Pt nano-crystalline system being
under operation condition [2].

The results show the changes in the catalyst local structure induced by FC po-
tential and working temperature. At a stable temperature condition and varying a
potential value only in the cathode activation region slight changes in the Pt electronic
structure are observed, while local geometric structure remains potential-independent.
An increase in a structural disorder provoked by higher working FC temperature
doesn’t affect catalyst performance in the kinetically controlled region.
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Liquid alloys In-Sb and In-Bi systems are interesting from a technological point
of a crystal grown from a liquid phase. InSb belong to covalent semiconductors and
InBi and InyBi chemical compounds occur in solid In-Bi systems. Due to strong
interactions between different sorts of atoms, influence on the structure of the liquid
state in the precrystallization temperature region should be exerted. On the other
hand, previous studies have indicated anomalous behavior in terms of the physical
properties in liquid In-Sb and In-Bi systems. To better understand the mechanism
of the crystal formation process an experimental investigation of viscosity has been
conducted.

Following our previous paper, the viscosity of liquid In-Bi alloys shows anomalies
in terms of the temperature dependence in the concentration region close to the In,Bi
chemical compounds. Some anomalous behavior of the viscosity in a liquid In-Sb has
been in the study. An abnormal increase in the viscosity is connected with changes of
the melt structure during cooling towards the melting point.

The viscosity data has been used for estimating the concentration fluctuations
in molten alloys. A few theoretical models are applied by different research groups
to connect the anomaly changes of viscosity with the fluctuation parameters. In this
work the mode-coupling theory, connecting the viscosity with the correlation length
has been used. The results obtained have confirmed the acceptability of this model
for explaining some viscosity anomalies.
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A new multicomponent vanadate Cds 34Feq.68V5.85024 has been synthesized and
investigated by the Electron Paramagnetic Resonance (EPR) technique. The com-
pound Cds 34Feq 65 Vs5.85024 is isostructural with previously studied MgsFe, (VOy)g [1].
According to the nominal stoichiometry of Cd4FegV1904; all ions, except for iron, are
nonmagnetic. The registered EPR spectrum in the 4-300 K temperature range is dom-
inated by the presence of a very wide and almost symmetrical resonance line which
disappears below 20 K. The resonance line is centered at gegs =2.017(1) with linewidth
ABp, =773 mT at room temperature. Its amplitude decreases with a decrease in tem-
perature, and below 40 K, the linewidth strongly depends on temperature. Below 60 K,
the resonance line shifts essentially with the decreasing temperature towards lower
magnetic fields. It is suggested that a strong magnetic interaction leads to a magnet-
ically ordered state. Replacement of non-magnetic cations by divalent cadmium ions
seems to intensify the magnetic ordering processes in a low temperature region [2].

This scientific work is financed from the Polish budget resources allocated to sci-
ence in 2005-2008 as Research Project (1311/T09/2005/29).

References

[1] A Bloniska-Tabero, J. Therm. Anal. Cal. (in press)

[2] N. Guskos, V. Likodimos, S. Glenis, G. Zolnierkiewicz, J. Typek, R. Szymczak, and
A. Blonska-Tabero J. Appl. Phys. 101 (2007) 103922

156



5th International Workshop on Functional and Nanostructured Materials P53
31 August — 6 September 2008, Lviv, Ukraine

EPR and FMR Study
of ZnO—FeyO3—7ZnFe;O4 System

N. Guskos™? G. Zomierkiewicz? J. Typek?
D. Sibera® U. Narkiewicz®

1 Solid State Section, Department of Physics, University of Athens
Panepistimiopolis, 15 784, Greece

2 Institute of Physics, Szczecin University of Technology
Al. Piastéw 17, 70-310 Szczecin, Poland

3 Institute of Chemical and Environmental Engineering
Szczecin University of Technology
Al. Piastéw 17, 70-310 Szczecin, Poland

Fine particles composed of n(Fez03)/(1 — n)ZnO (n = 0.5 to 0.95) powders are
prepared by the wet chemistry method. According to the XRD analysis samples with
n = 0.95, 0.90, 0.80 contain y-Fes O3 and ZnFe,O4 phases, while other samples contain
only ZnFe;O4 and ZnO phases. The mean crystalline size of ZnFeyOyvaries from
8 nm to 30 nm. The EPR/FMR investigations are carried out at room temperature.
An almost symmetrical and very intense magnetic resonance line is recorded for all
samples. For samples with n < 0.60 the resonance line is centred at g = 2.005(2)
with the integrated intensity increasing with the ferrite content, reaching a sample
maximum of n = 0.70. For n > 0.70 the g parameter and the integrated intensity
strongly depend on the ratio of iron in the form of y-Fe;Os to that in the form
of ZnFe;04, decreasing with an increased y-FeaOs / ZnFeo Oy ratio. Below n = 0.70
the magnetic resonance study shows an EPR line originating from isolated iron(III)
ions in zinc ferrite, and from magnetic nanoparticles y-Fe2O3 (FMR lines) for higher
concentrations.
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