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In memoriam Dr Marek Baran

Dr Marek Baran, a long-standing employee of the Institute of Physics of the Polish
Academy of Sciences, passed away on October 17, 2006, at his home in Warsaw.

He was an alumnus of the Warsaw University. In high school, he became interested
in electronics and radio engineering. His commitment and skills were recognized by his
professors and he was employed, while still a student, as an assistant at the Electronics
Lab of the Institute of Experimental Physics. A few years after graduation, he joined
the Magnetic Division of the Institute of Fundamental Technical Research of the Polish
Academy of Sciences. Together with his division, he first moved to the Institute of
Electron Technology and later, in 1970, to the Institute of Physics.

Dr Baran was a gifted experimentalist of great authority, recognized both in
Poland and internationally for his contribution and expertise in magnetism and super-
conducting science. He was an expert on microwave spectroscopy techniques (electron
paramagnetic resonance and ferromagnetic resonance), magnetometry (esp. Squid
magnetometry) and other spectroscopic techniques, incl. nuclear resonance, muon
spin rotation and Mössbauer measurements. Initially, he employed these techniques
to study ferromagnetic materials but later he turned to research on high temperature
superconductors, as one of the first in the Institute. This subsequently became the
subject of his PhD thesis, viz. “Magnetic studies of the neutron radiation on prop-
erties of high temperature superconductors”. In recent years he was focused on the
magnetism of metalo-organic compounds and low-dimensional systems.

He authored or co-authored more than 300 publications across a variety of areas in
magnetism and superconductivity. He was a great friend and colleague, always ready
with help and advice. A source of inspiration and ideas for his younger colleagues, he
taught them various experimental techniques in condensed matter physics. He was
a wonderful person, a gentle human being, and a great scientist who will be sorely
missed and always remembered.
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Discrete Systems Free of the Peierls -Nabarro Potential

S. V. Dmitriev
1,2
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2Institute of Industrial Science, the University of Tokyo,
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In the past few years, a variety of physical applications have stimulated enormous growth in the study
of nonlinear discrete models and the differential-difference equations that describe them. These models
have a two-fold role and importance. On the one hand, they serve as discretizations of the corresponding
continuum field theories; on the other hand, they may also be important physical models in their own
right, e.g. in the context of crystal lattices. Taking into account the discreteness of media at the molecular
and atomic level is becoming increasingly important for nanotechnologies.

We offer a wide class of discrete nonlinear systems of remarkable properties: (i) they are translationally
invariant (TI), i.e. their equilibrium static (stationary) solutions can be placed anywhere with respect
to the lattice, due to the absence of the Peierls-Nabarro potential; (ii) static (stationary) versions of the
discrete equations are exactly solvable.

We discuss the discrete equations reducible, in the continuum limit, to the Klein-Gordon field or to
the nonlinear Schrödinger equation, with a number of applications in the physics of condensed matter
and materials science.

Solitary waves in discrete systems free of the Peierls-Nabarro potential are not trapped by the lattice.
As a result, they can propagate with a small velocity and be accelerated even by weak external fields,
which is impossible in the usual discrete systems. Such lattices may be said to have better transport
properties since solitons are highly mobile in TI lattices and they can carry mass, energy, momentum,
electric charge, information, etc. Spectra of small-amplitude vibrations calculated for TI lattices hosting
an equilibrium soliton always contain zero eigenvalues, corresponding to the translational invariance (the
Goldstone mode).

The discretization method we offer uses the discretized first integral of the static (stationary) version
of the corresponding continuum equation and is called the discretized first integral (DFI) approach [1–4].
We thus generalize the TI models constructed in the pioneering works [5].
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Global Existence of Elastic Waves with Memory
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We treat the Cauchy problem for nonlinear systems of viscoelasticity with a memory term. We study

the existence and the decay time of the solution to this nonlinear problem. The kernel of the memory

term includes integrable singularity at zero and polynomial decay at infinity. We prove the existence of

a global solution for space dimensions n = 3 and arbitrary quadratic nonlinearities.
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Finite Element Analysis

of a Deformation of an Auxetic Obstacle

in a Channel During Fluid Flow

B. Maruszewski, T. Stręk

Institute of Applied Mechanics, Poznan University of Technology,

Piotrowo 3, 60-965 Poznan, Poland

The paper deals with a finite element analysis of a fluid-structure interaction with an auxetic obstacle
in a channel. Computer simulation results in shape deformations of auxetic obstacle in two-dimensional
channel.
Auxetics are materials with the negative Poisson’s ratio. When an auxetic material is stretched in

one direction, it expands along the other one. This unusual behaviour of auxetic materials can be really
observed and simulated using computational methods.
The geometry of the model consists of a horizontal flow channel with an obstacle (narrow vertical

structure) placed inside it. The fluid flows from left to right and it acts with a force on the structure
walls which result from the viscous drag and fluid pressure. The structure, being made of a deformable
material, bends under the applied load. Consequently, the fluid flow also follows a new path.
The viscous fluid flow in the channel is described by the Navier-Stokes equation. Mechanical analysis of

the deformation of the channel walls are done using structural mechanics plane stress model. Deformation
of the obstacle in the channel is described by equation of motion of a solid continuum (the Navier equation)
with the Rayleigh damping. So that only the Rayleigh damping has been used in terms to model viscous
damping and specify two damping coefficients.
The problem has been solved with the help of COMSOL code (based on finite element method) and

direct UMFPACK linear system solver. Flows with various values of inlet velocity (u0 = 0.05, 0.1 and 1)
and Poisson’s ratio (ν = −0.99, −0.7, −0.3 and +0.3) has been considered. Finite element analysis shows
that the deformation of an isotropic obstacle in the channel during the flow grows up when Poisson’s
ratio or maximum inlet velocity increases.
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Magnetoresistance Relating to the Integer Hall Effect

G. J. Papadopoulos

Department of Physics, Solid State Physics Section, University of Athens,
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The formalism, developed earlier, for the magnetoresistance exhibited by a material, 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 carrier gas together with other parameters involved in our formulae such
as temperature, mobility, and carrier density we are able to obtain the quantized magnetoresistance per-
taining to the von Klitzing quantized Hall effect emerging at low temperature. The analysis shows that
derivation of the magnetoresistance, in question, results from combination 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,
characteristic 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 val-
ues of the magnetic field associated with the various filling factors may or may not become manifest. The
case whereby such resistance 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.

References

1. G. J. Papadopoulos, J. Non-Cryst. Solids 352 (2006) 4206.
2. G. J. Papadopoulos, Rev. Adv. Mater. Sci. 14 (2007) 187–192.

19



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandL-05

Protein-like Behavior of a Single Multiblock Copolymer Chain

in Selective Solvent

M. Banaszak
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We present a lattice Monte Carlo study of a series of block copolymer chains in selective solvents
of varying quality, first using diblock chains and then the corresponding multiblock chains. We report
a variety of thermodynamic and structural properties such as energy, specific heat, end-to-end distance
and radius of gyration for both the whole chain and the individual blocks. The simulations demonstrate
that a multiblock copolymer in a selective solvent exhibits protein-like behavior, undergoing a two-step
transition from a swollen state to a primary “pearl-necklace” state and then to a secondary superglobular
state as the solvent quality decreases (i.e. upon cooling). As expected, we have also found that the
multiblock chains’ total mean-squared end-to-end distances decrease as the temperature is reduced.
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Cubic Crystals with a Negative Poisson’s Ratio

A. C. Brańka∗, K. W. Wojciechowski
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Elastic properties constitute one of the most fundamental physical properties of any material. The
knowledge of a body’s behavior under stress or tension greatly facilitates the design and manufacture
of materials with desirable physical properties. It is commonly observed that materials decrease their
transverse dimensions under uniaxial load. However, the inverse phenomenon is also possible. Materials
that expand in all directions when pulled in one direction are called auxetics [1–4]. Such deformations are
described in terms of Poisson’s ratio, ν = −ηT /ηL, where ηT and ηL are strains in orthogonal (transverse
and longitudinal) directions. An auxetic response involves a negative Poisson’s ratio.
In general, physical properties of materials depend on directions; Poisson’s ratio depends on the

direction of the applied stretching. In anisotropic materials, ν can be positive in one direction and negative
in another direction. Accordingly, anisotropic materials can display completely non-auxetic, completely
auxetic or intermediate behavior [5, 6]. This new classification will be outlined in our presentation and
briefly discussed for cubic crystals.
Materials with negative Poisson’s ratio in all directions or completely auxetic materials are quite rare

in nature. Also the design and manufacture of such materials remains a nontrivial task. This is mainly
due to our insufficient knowledge of the mechanisms behind a negative Poisson’s ratio. In particular, the
connection between auxeticity and the form of interaction between constituent objects or particles is still
not well understood and requires further clarification. As a step in this direction, we have investigated
a solid composed of spherically-symmetric particles from the point of view of its elastic properties and
mechanical stability via Molecular Dynamic simulation methods. It has been found that, for a particu-
lar form of inter-particle interactions and thermodynamic conditions, a negative Poisson’s ratio can be
achieved in any direction. The results obtained for a particular model system suggest a generic mechanism
for designing (cubic) materials of negative Poisson’s ratio.

Acknowledgments

This work has been supported by the Polish Ministry of Science and Higher Education, under grant
no. N20207032/1512 (2007-2010).

References

1. Lakes R 1987 Science 235 1038
2. Baughman R H, Shacklette J M, Zakhidov A A and Stafström S 1998 Nature 392 362
3. Evans K E and Alderson A 2000 Adv. Mater. 12 617.
4. papers and references in Auxetixs and Related Systems, 2005 phys. stat. sol. (b) 242 Wojciechow-
ski K W, Alderson A, Brańka A, Alderson K L (Eds)

5. Ting T C T and Barnett M D 2005 J. Appl. Mech. 72 929
6. Paszkiewicz T and Wolski S 2007 phys. stat. sol. (b) 244 966

∗Corresponding author: branka@ifmpan.poznan.pl

21



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandL-07

Magnetization Dynamics in the Landau-Lifshitz-Gilbert

formulation: Modeling the FMR Experiment
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The ferromagnetic resonance (FMR) spectrum of carbon-coated magnetic nanoparticles in a non-
magnetic elastic matrix has been investigated. Experimental absorption data have been compared with
analogous data obtained with the stochastic Landau-Lifshitz equation for the magnetic moment of
a ferromagnetic single-domain nanoparticle and stochastic equations describing rotational oscillations
of the polymer region containing the magnetic nanoparticle. We demonstrate that if the polymer matrix
anisotropies are blocking the rotational freedom of the easy axes direction of the magnetic nanoparticles,
additional resonance peaks may appear in the FMR spectrum being the satellite peaks accompanying the
main resonance peak. This is another mechanism of appearance of additional peaks in FMR spectra apart
from the spin waves exchange mode in nanoparticles or inter-particle dipolar interactions. The compound
Poisson process has been used to model this effect of the additional correlations introduced on the motion
of a particle’s magnetic moment.
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Stochastic Modelling of Nanostructures:

an Engineering Perspective

F. Scarpa
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Over the past five years there have been extensive research in the reduced mechanical modelling of
multiwalled and singlewalled carbon nanotubes. Majority of the proposed modelling techniques are dom-
inated by determinist approaches. However, significant uncertainties have been reported in the measured
materials and geometric properties of carbon nanotubes. In this paper, perhaps for the first time, we
propose a probabilistic mechanics approach to take account of these uncertainties at the nanoscale. It is
considered that the mechanics of a nominally identical set of carbon nanotubes are governed by stochastic
partial differential equations. Two approaches, namely a Stochastic Finite Element (SFE) based method
and a stochastic beam model have been investigated. The probability density function of the natural
frequencies of singlewalled carbon nanotubes is derived in closed-form for three different physically real-
istic cases. The analytical results are compared with high-fidelity stochastic finite element simulations
and available experimental results. The studies taken in the paper indicate that stochastic approach can
significantly enhance the applicability of the mechanistic modelling at the nanoscale.
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Particle and Finite-Element Simulations for Materials
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Three different, but related, techniques for materials’ simulation are described and illustrated with
examples from the literature: (1) Molecular Dynamics, (2) Smooth-Particle Applied Mechanics, and
(3) Finite-Element Continuum Mechanics. Molecular dynamics simulations emphasize the use of nonequi-
librium boundary conditions (Nosé-Hoover thermostats and barostats from the 1980s, as well as Dellago’s
very recent use of ideal-gas regions to impose simultaneous temperature and pressure controls.) Molecu-
lar dynamics is based on repulsive and attractive interparticle forces. Smooth-particle methods provide
a macroscopic simulation technique for fluid flows and high-strain-rate calculations. Smooth particles
avoid the mesh-tangling that can occur in grid-based calculations. Both smooth particles and finite ele-
ments require continuum constitutive equations rather than atomistic interparticle forces. Applications
will be presented so as to illustrate and compare the three methods. For a preview of the Smooth Particle
method (SPAM), see my 2006 World Scientific book: Smooth Particle Applied Mechanics – The State

of the Art. See also the comprehensive list of references on my webpage, http://williamhoover.info.
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It is well known that negative Poisson’s ratio [1] is very unusual in real elastic media, despite that
stability conditions are not in contradiction with such a behaviour. This means that common materials
typicaly decrease their transverse dimensions when stretched. Materials which behave in the opposite
way [2], i.e. which increase their transverse dimensions are called auxetics [3]. Recently, one observes
increasing interest in such materials [4].
Studies of simple models help us to understand why auxetic behaviour is rather exceptional in highly

symmetric elastic media. Such models may also reveal new mechanisms leading to auxetic behaviour in
real systems.
A few models, both in two and three dimensions, showing highly symmetric structures will be described

and discussed. It will be shown that, depending on the interactions, some of the models presented exhibit
negative Poisson’s ratio.
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Auxetic Frameworks
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Auxetic materials and structures are those which expand in width when pulled lengthwise, and con-
tract in width when compressed. In other words, they exhibit negative Poisson’s ratio behaviour [1].
They are of interest for their characteristic counter-intuitive response to an applied uniaxial mechanical
load. They are also of interest because the auxetic property can lead to enhancements in a range of
other physical properties [2]. Consequently, government funding agencies are now identifying auxetics as
candidate materials for development in smart and advanced materials applications, and large research
networks and consortia have developed to investigate this class of materials further.

The range of materials that have been discovered or produced in auxetic form is, perhaps, greater than
one might expect when first encountering the concept of auxetic functionality. Auxetic metals, polymers,
composites and ceramics are known [2] and, in the case of crystalline metals it has been reported that
69% of all cubic elemental metals exhibit auxetic behaviour [3], for example.

In the case of man-made auxetics, fabrication techniques vary depending on the type of auxetic
material being developed. For example, in the case of auxetic laminate composites the auxetic effect is
achieved using the same pre-preg materials and manufacturing methods as for conventional composites [4],
whereas auxetic microporous polymers require an adaptation of traditional powder processing methods [5].
For auxetic foam, on the other hand, the auxetic embodiments require conversion from an existing
conventional foam using an additional (post) processing stage [6].

The success of any fabrication method in producing auxetic behaviour lies in the ability of the fab-
rication route to produce an internal material structure which deforms in an appropriate manner. Such
structures may be uniform, tessellating geometric motifs, such as those found in honeycombs and crys-
talline materials. Alternatively, the structure may have a degree of randomness or inhomogeneity as
found, for example, in microporous polymers and foams.

A very good example of the necessary marriage between the geometry and deformation mechanism of
the ‘framework’ which forms the appropriate structure responsible for the auxetic effect is provided by
considering regular honeycombs deforming by hinging (alignment) of the honeycomb cell walls (ribs). The
cells of a normal hexagonal (bees honeycomb) geometry extend in the direction of applied stretch but close
up in the lateral direction when deformation is due to rib hinging. This, then, corresponds to a positive
Poisson’s ratio most usually associated with our everyday expectations of what happens to a material
or structure when stretched, i.e. the material or structure becomes thinner in width. Conversely, if
the honeycomb is fabricated in such a way that the tessellating motif now resembles that of an array
of inverted or re-entrant hexagons (a repeating ’bow-tie’ pattern), then rib alignment due to hinging
actually causes the cells to open up in both principal directions when stretched along one axis. The
combination of a tessellating re-entrant hexagon geometry with deformation via rib hinging, therefore,
leads to auxetic functionality [7].

In principle, the structure from which the auxetic effect is derived is independent of scale. That is,
auxetic behaviour can have its origins due to structural features at the nano, micro and macro lengthscales.

In this paper, I will discuss work performed at Bolton into a range of tessellating frameworks which
can give rise to auxetic behaviour. In particular I will discuss

• the role of connectivity in novel honeycombs in achieving auxetic and non-auxetic response,

• scale-independency in auxetic rough particle assemblies,

• lessons from nature in achieving auxetic behaviour at the nanoscale, and

• potential applications of auxetic materials.
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Solid-fluid Phase Transitions Under Extreme Pressures

(Including Negative Ones)
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During expansion, condensed matter (i.e. solids and liquids) can reach metastable states and stability
limits, where systems can be stabilized by the appearance of a second phase [1]. These metastable states
may often be characterized by their absolute negative pressure. In auxetic materials, fast volume expansion
is inherent behavior; negative pressure states can be reached easily during uniaxial stretching [2]. The
stability of a stretched solid for the solid-vapor phase transition has been presented before [3]; in this
presentation we would like to discuss results offering a novel picture of the pressure dependence of the
solid-liquid phase transition (melting) covering a very wide range of pressures, including a region below
p < 0 [4].
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Ferrite-ferroelectric Layered Structures as Microwave Devices

Tunable through Magnetic and Electric Fields

S. F. Karmanenko, A. A. Semenov, P. Yu. Belavskiy, B. A. Kalinikos

Electrotechnical University, St. Petersburg, 197376, Russia

Traditionally, ferrite materials have been used to create tunable MW devices. Tunability of ferrite
devices is executed through variation of magnetic field in a very wide frequency range, which is relatively
slow and associated with considerable consumption of power. Other materials that can be used in tunable
MW devices are ferroelectrics, wherein frequency tuning is realized through variation of the applied
electric field changing the material’s dielectric permittivity, ε. Such “electric” tuning is possible in a narrow
frequency range, but is relatively fast and not power consuming. A combination of ferrite and ferroelectric
materials in a composite or layered structure will enable simultaneous “magnetic” and “electric” tuning
of its microwave properties, combining the advantages of both tuning methods.
The theory of surface hybrid, electromagnetic-magnetostatic waves’ propagation in free and metal-

covered ferrite/dielectric structures has been developed in our earlier works. We have investigated theoret-
ically and experimentally the dispersive characteristics of ferrite/ferroelectric layered structures including
an air gap between their layers. The obtained dispersive equation is an effective approach to analyzing
a spectrum of hybrid waves in order to define the layered structures’ geometric and physical parameters
and achieve good tunability with low microwave losses and external fields.
In this work, we present the results of a study of ferrite resonators patterned from yttrium iron garnet

(YIG) heteroepitaxial film joined with ferroelectric layers of BaxSr1−xTiO3 (BST) ceramics. 14 µm thick
YIG film was epitaxialy grown on a gallium gadolinium garnet (GGG) substrate of 0.5 mm thickness.
The YIG/GGG resonator was rectangular in shape (about 1 × 2 mm). A Cu microstrip (0.5 mm wide)
was formed on the back resonator side. The BST ferroelectric ceramic wafer of the ≈ 4 × 3 × 0.4 mm
dimensions was covered with a 4 µm thick copper layer on one side and with thin, “transparent” chromium
film (≈ 50 nm) on the other. The electric field could penetrate the Cr film without dissipation, while
it was thick enough to apply bias voltage. We obtained a change of the resonance curve of the tested
resonator structure due to the bias electrical field. A rather narrow resonance bandwidth (3.5 MHz) and
a tuning region, ∆f , estimated as three bandwidths were in evidence, where the quality factor remained
essentially unchanged (Q > 1000).
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Impurity-trapped Excitons:

Experimental Evidence and the Theoretical Concept

M. Grinberg

Institute of Experimental Physics, University of Gdansk,
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The paper summarizes the experimental evidence of anomalous luminescence in RE-doped dielectric
materials. Special attention is paid to Eu2+-doped XF2 and X2SiO4, where X = Ba, Sr, Ca. Lumines-
cence spectra, luminescence excitation spectra and time-resolved spectra obtained under ambient and high
(hydrostatic) pressure at various temperatures are presented and discussed. The experimental data are
evidence of temperature- and pressure-induced spectral transformation where anomalous luminescence
is replaced by normal d-f emission in the Eu2+ center. A configurational model of an impurity-trapped
exciton is presented, where a hole is trapped in an impurity (Eu3+) and an electron is bound by the
Coulomb long-range potential of such donor-type impurity. The model predicts strong electron-lattice
coupling of the bound exciton and relaxation in the system’s excited states, as well as the pressure effect
of spectral transformation from anomalous to normal emission.
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Mesoporous Silica Doped

with Metalorganic Functionalizing Groups:

Experimental and Theoretical Investigations
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3Laboratoire de Chimie Moléculaire et Organisation du Solide – UMR 5637 CNRS,
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Mesoporous organic-inorganic materials are a new class of functional systems widely investigated due
to their potential electro- or magneto-optical properties. The most representative of silica-based periodic
mesoporous materials are the MCM-41 silica solid and the SBA-15 family. Their one-dimensional channels
are arranged in a regular hexagonal array similar to a honeycombed structure in MCM-41 and a cubic
configuration in SBA-15. Whatever the architecture, encapsulation of organic molecules in the nanoporous
channels may produce significant changes in the electronic, magnetic and optical properties of the guest
molecules.
SBA-15-based materials functionalized by (1,4,8,11-tetraazacyclotetradecane) cyclam groups have

been investigated. Incorporation of cyclam groups containing strongly chelated metal transition cations
located in the walls or in the pores of mesoporous silica networks has been achieved experimentally. Spec-
troscopic investigations including UV-vis absorption, IR absorption and Raman scattering of the nickel-
doped complexes were carried out and supported by computational simulations. Particularly, molecular
modeling has proved to be a relevant tool to identify the structure and physical properties of active com-
plexes, monitoring the macroscopic behavior of the functional materials. As an example, many reported
experimental works have shown a decrease in the optical transparency and electro-optical properties of
composite materials upon increasing the density of dopant molecules in the host matrix. This is due to
inter-molecular interactions favored by agglomeration of active molecules in the system and the resulting
inhomogeneous composites. the organo-metallic molecules of the considered mesoporous- based materials
are implemented separately into the silica host matrix. The rigid gas model, a key approach for nu-
merical simulations of the investigated materials’ physical properties, was considered including the local
field approach. Quantum chemical calculations of the structural and optical properties were performed
using density functional theory (DFT) methods. The relevance of the mentioned theoretical simulation
approaches with regard to the experimental results obtained mainly for cyclam groups chelating Ni3+

ions will be discussed.
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Bimolecular Excited Species in Optical Emission

from Organic Electroluminescent Devices

J. Kalinowski
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1. Introduction

In the last two decades, significant research efforts have been focused on the photophysical properties of
organic materials for photonic devices, including the development of organic electroluminescent devices,
lying at the heart of display technology [1] and offering potential applications as novel sources of lighting
that would be less expensive and more efficient than conventional incandescent and fluorescent sources of
illumination [2]. Of particular interest are organic light-emitting diodes (LED’s) based on emission from
excimer and exciplex species, that is from bimolecular excited states revealing broad band luminescence
spectra which allow to cover a significant part of the visible spectrum.
The focus of the present talk is on exciplex formation and single phosphorescent dopant blend-based

emissive layers (EML) that produce high-performance organic LED’s.

2. What is an organic LED?

In thin-film organic LED’s, electrons are injected from a cathode and holes from an anode, and under an
applied electric field the carriers approach each other in LED’s emitters (EML’s).

Figure 1: Fundamental setup of a double-layer organic LED: ETL – electron transport layer; EML (20–
100 nm); HTL – hole transporting layer
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3. Types of excited states

Excited states of molecular solids are traceable to properties of individual molecules. However, their
interaction in the condensed phase imposes their collective response referred to as an exciton. If a nearby
molecule becomes involved to form an excited state, e.g. due to exchange of energy or charge, a bimolecular
excited state is created. As a consequence, new features occur in the emission spectrum or non-radiative
decay of excitons is imposed, reducing the system’s luminescence yield. Various excited states produced
by electron-hole recombination of organic materials are depicted in Fig. 2.

Figure 2: Formation of excited states by recombination

The range of materials nowadays available for organic LED’s enables their emission spectra (and thus
color) to span from near-UV, through visible, to the near-IR spectral region by selecting an appropriate
organic compound for the emission layer. The type of excited states determines the spectral range, while
their generation efficiency and decay pathways determine the emission yield of EML’s.

4. Exciplex emitters

An exciplex is an excited complex of an electron donor (D) and an electron acceptor (A) molecules |DA〉∗

that is dissociative in the ground state [1] (cf. Fig. 2).
The dissociative property of the exciplex in its ground state imparts its broad featureless emission

band, which is red-shifted from the parent molecules’ emission spectra (Fig. 3, left).
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Figure 3: Left panel – normalized photoluminescence (PL) spectra from exciplex emissive blends compared
with the PL spectra of their material components; right panel – the EXLED structure based on D (m-
MTDATA) and A (BPT or Gd(tmhd)3) doped with phosphor (PtL2Cl) blended with a PC binder

We have been able to fabricate highly efficient exciplex LEDs (EXLED’s) using an organic phospho-
rescent sensitizer of high electronic affinity (PtL2Cl) [3]. The obtained EXLED structure is shown in
Fig. 3 (right). Its reddish-yellow light EML’s of thickness 20–200 nm are blends of (I) – D (m- MT-
DATA): A (BPT) (1:1), (II) – (I):5wt% PtL2Cl, and (III) – D (m-MTDATA):A (Gd(tmhd)3BPT) with
25–30 wt% of PC. Due to the triplet character of the exciplexes 3 |DA〉∗, external quantum efficiency
(QE) as high as ≈ 2.5% photons/electron (ph/e) has been achieved, exceeding by a factor of 2.5 that of
singlet emissive exciplexes.

5. Excimer neat and blend emitter films

Excimers are single-component analogues of exciplexes. Recently, highly phosphorescent organic Pt com-
plex flat molecules have been synthesized which allowed to greatly improve white (WL) LEDs [4] and
near-infrared (NIR) organic LED’s (see Fig. 3, right).

Figure 4: Left panel – external quantum efficiency (QE) vs. applied voltage for NIR organic LED’s
based on 60 nm- thick neat film made of PtLnCl dopants [5]; right panel – normalized monomer and
excimer electroluminescence (EL) spectra at two different PtL2Cl concentrations of the WLED shown
in the upper left corner inset. Monomer and excimer PL spectra are shown for comparison [4]. For the
molecular structure of PtL2Cl, see Fig. 3 (right)
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Highly efficient WLED’s have been fabricated using PtL2Cl as a single dopant of a thin film blend
emitter, mixing the monomer’s bluish-green phosphorescence with the excimer’s emission in red (Fig. 4,
right). The external EL QEs 15±0.2% and 13±0.2% ph/e were respectively achieved at 40 and 1300 cd/m2

brightness.

6. Summary and prospects

We have discussed electroluminescent emission from organic LED’s involving molecular and bimolecular
excited states. We have demonstrated the most efficient NIR- and WL-emitting organic LED’s reported.
These devices emit from single-phosphor neat or doped films forming their EML’s. In order to achieve
this, it was important to use organic materials revealing highly efficient monomolecular and excimeric
phosphorescence and control both phosphor concentrations and the carrier/exciton confinement in the
device. An alternative way to improve organic WLED’s is to combine an electron donor with different
electron acceptors allowing a number of broad exciplex spectra to overlap [6]. Recent experiments with
blend films emitting from three different emissive states at the same time: (i) molecular excitons of the
acceptor (3A∗), (ii) triplet excimers 3(AA)∗ and (iii) triplet exciplex 3(DA)∗ have led to efficient WLED’s
with a particularly high color rendering index of CRI = 90 [7].
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Hybrid Core-shell Nanocomposites Based on Semiconducting

or Metallic Nanocrystals Surrounded by Polyaniline
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Avenue Olivier Messiane, 72085 Le Mans, France
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The interest in hybrid core-shell nanocomposites is motivated by the possibility to control the interface
features between the nanoparticles and the polymer in order to fine-tune their electronic and optical prop-
erties. The involved phenomena depend on the charge transport mechanism or the interfacial polarization,
the trapping or recombination of charges, as well as the Plasmon excitations when metallic nanoparticles
are used. In addition to drawing from these architectures functionalities such as photoluminescence, elec-
troluminescence or non-linear optical behavior, the challenge is to elucidate interactions at the interfaces
by probing the dynamic of charge carriers following the nature of the nanoparticles and the electrical
activity of the polymer which can be modulated by suitable acid doping. The presented work is devoted
to nanocomposites based on doped or undoped polyaniline surrounding SiC, Au or Fe nanocrystals. Two
main experimental techniques have been used to probe the charge carriers’ (polarons’, bipolarons’) con-
centration and dynamics. By Raman, contributions from charge carriers such as polaron and bipolaron
excitations are superimposed on the vibrational spectra from the material’s bare constituents. The role of
Plasmon enhancing surface detection by Raman can be characterized by comparing the behavior of SiC
nanocrystals and that of Au or Fe clusters. It is possible to quantify the concentrations of polarons and
characterize their dynamics in a wide temperature range through the EPR technique. Such comparative
investigations and the key results of these nanocomposites will be discussed at the conference.
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The superconducting and normal state of Mg10Ir19B16 has been investigated by magnetic suscepti-
bility and specific heat measurements. Mg10Ir19B16 in the normal state is the weak Pauli paramagnetic
material. The estimated Sommerfeld coefficient and Debye temperature are 53 mJ mol−1K−2 and 280 K
respectively. The value of specific heat jump at TC was calculated to be 1.60 and electron phonon cou-
pling coefficient λep = 0.66. The thermal evolution of the specific heat below TC (T < 3.5 K) suggests
that Mg10Ir19B16 is a weak coupling, BCS-type superconductor.
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One- and Two-Dimensional Pb Structures

on Vicinal Silicon

R. Zdyb
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The crystallographic structure and morphology of Pb layers in their early stage of growth were inves-
tigated with Reflection High Energy Electron Diffraction (RHEED) and specific resistivity measurements
techniques. Vicinal Si(335) of various surface morphologies, induced by the deposition and annealing of
a submonolayer amount of Au, were used as substrates.
The obtained RHEED patterns have revealed that the growth of Pb on substrates with Au coverage

of up to 0.3 monolayer (ML) is anisotropic. The preferred growth direction of Pb crystallites is parallel
to the substrate step edges, or the [110] direction. In the case of substrates with more than 0.3 ML
of Au, RHEED patterns have revealed isotropic growth of lead on wide (111) terraces of the substrate
and anisotropic growth on high-index Miller planes.
Specific resistivity measurements have shown clear anisotropy when measured along and across the

step edges. At 1 ML of Pb, the values of specific resistivity measured in both directions differed by
several tens to several hundred percent, depending on the substrate morphology. Moreover, in the case
of substrates with pre-deposited Au up to 0.3 ML, specific resistivity measured along the step edges has
exceeded the percolation threshold at about 1 ML of Pb and confirmed the one-dimensional character
of the growing Pb structures. On substrates with more than 0.3 ML of Au, a gradual switching to two-
dimensional structures is clearly observable; the percolation threshold shifts towards lower values, as
expected for two-dimensional structures.
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Current-induced Magnetic Switching

and Dynamics in Spin Valves
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Transfer of spin from conduction electron systems to localized magnetic moments can generate tran-

sitions between the system’s various magnetic equilibrium states. This phenomenon is referred to as

current-induced magnetic switching. However, under certain conditions, the spin-transfer torque may

cause a transition to precessional states of microwave frequencies, wherein energy is pumped from a volt-

age source to the magnetic system. Some of the models used to describe the spin transfer torque will

be analyzed. Current-induced switching and dynamics in spin valves will also be presented and discussed

in detail within a macro-spin model describing switching phenomena in metallic spin valves. Moreover,

the close correlation with the normal and inverse giant magneto-resistance effect will be considered in

view of the recently obtained experimental data. Particular attention will be paid to structures where

microwave precessional states can be induced by current in the absence of an external magnetic field.

Since current-induced magnetic switching is a general phenomenon, it may also occur in many spin-valves,

e.g. magnetic tunnel junctions, spin valves including magnetic particles, quantum dots or molecules. Some

of these spin valves will be considered in greater detail.
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A Geometrically Frustrated Kagome Staircase Lattice

with Chemical Disorder
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The effect of nonmagnetic Mg2+ and magnetic Co2+ doping in Kagome staircase compounds was

investigated using DC magnetic susceptibility. It has been demonstrated that the chemical disorder in-

troduced by low-level doping had a weak effect on the exchange interactions in the Kagome system. The

effect was weaker for Ni doping.

The crystal field was considerably weaker in Ni3V2O8 than it was in Co3V2O8 crystals. Co-doping

increased the crystal field parameters of Ni3V2O8 considerably and induced an easy axis along the c di-

rection, in agreement with the experimental data. In contrast, doping with nonmagnetic Mg2+ ions

considerably reduced the crystal field parameters of Co3V2O8 crystals. It follows from the presented re-

sults that the a axis is an easy axis for pure and Mg-doped Co3V2O8 crystals. The peculiar behavior of

Co2+ ions is unquestionably related to the Jahn-Teller character of these ions.
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Atomic Order of Magnetic Inclusion in Semiconductors

K. Ławniczak-Jabłońska1∗, I. N. Demchenko1, A. Wolska1, J. Sadowski1,2, M. Klepka1
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2MAX-Lab, Lund University, 221 00 Lund, Sweden

The field of research referred to as spintronics concerns fabrication of materials with desirable mag-
netic properties at room temperature. Ga1-xMnxAs layers exhibit the paramagnetic to ferromagnetic
phase transition for Mn content in excess of 0.5%. At the same time, MnAs clusters of sizable dimensions
can be produced from a single-phase GaMnAs material through high-temperature post-growth anneal-
ing yielding multiphase materials. Since MnAs is a metallic ferromagnet with Tc of about 318 K, the
GaAs:MnAs granular system is an interesting material, with small ferromagnetic nanoparticles immersed
in the semiconductor host lattice providing built-in magnetic field at room temperature. This field affects
the semiconductor band’s structure leading to differentiation of semiconductor spin states. Therefore,
is to growing a material with the two phases distributed homogeneously, simultaneously magnetic and
semiconducting, is an attractive method of controlling spin polarization. Usually, Mn-doped GaAs is the
first choice to obtain this kind of material, but the implantation of Mn+ into Si appears to be an equally
promising way of producing magnetic inclusions. It has been shown that it is possible to achieve above
room temperature ferromagnetism in such samples. The potential new spintronic devices based on the Si
matrix would be easy to integrate with the existing technologies. However, despite their very interesting
properties, there are still few reports on this subject.
Changes in the local structure around Mn atoms in (Ga,Mn)As layers after high-temperature annealing

and in Si implanted with Mn+ ions were determined through x-ray absorption spectroscopy and compared
with their magnetic properties. Having considered several models of local atomic structure of Mn, we found
the EXAFS spectra analysis to offer unambiguous evidence of a transition in the local structure around
Mn atoms.
The Artemis and Athena programs, using the IFEFFIT data analysis package, were applied to process

EXAFS data. The theoretical XANES spectra were calculated using the FEFF 8.2 code.
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EXAFS Analysis of Diluted Mn

in Bulk and Nanostructured Ge
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On the basis of our EXAFS studies, we have reached a homogeneous understanding of the barely known
MnxGe1−x system [2, 3]. A satisfactory picture was obtained by analyzing a wide set of samples grown
under various nominal conditions either by implanting Mn+ ions at 100 keV or by the co-evaporation
(MBE) technique. We have shown ion implantation (as compared to MBE-grown samples in similar
doses and substrate temperatures) to be remarkably successful in diluting Mn in Ge, already at the
implantation temperature of 300◦C, and at very high Mn doses (4 · 1016 at/cm3) [4, 5]. Films grown by
the MBE technique at similar Mn concentrations and substrate temperatures (> 70◦C) were affected by
the formation of Mn5Ge3 crystallites about 100 nm in size, ten times larger than those observed in the
case of implanted samples.

Nevertheless, the single-phase DMS, i.e. the achievement of a material almost free of defects and
spurious phases is yet to come, as we have observed the simple low-temperature growth to be insufficient
to reduce the formation of defects. On the contrary, it appears to induce an amorphous Mn-rich phase, the
crystallites’ precursor, but probably also relevant occupation of interstitial sites [6, 7, 8]. The possibility
of interstitial occupation is still controversial and invoked to some extent by theoreticians to explain the
higher value of the nearest neighbor distance of Mn in Ge found experimentally (2.50 Å). A much lower
value has been obtained from ab initio LDA+U calculations in substitutional occupation (2.42 Å) while
a value more consistent with observations has been obtained for the tetrahedral interstitial site [9]. Such
structural complexity hinders the establishment of clear-cut magnetic properties (Curie temperatures,
magnetic moment) unaffected by ferromagnetic spurious signals and complicates comparison with ab
initio calculations of the electronic properties.
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Reorientation Effects and Magnetization Reversal

in Synthetic Antiferromagnets

A. N. Bogdanov, U. K. Roessler

IFW Dresden, P. O. Box 270116, 01171 Dresden, Germany

Many recently synthesized nanostructured materials have magnetic constituents with antiferromag-
netic coupling, e.g. ferromagnetic/antiferromagnetic bilayers, synthetic antiferromagnets, spin valves or
toggle magnetic random access memory (MRAM) devices [1, 2]. In this report, a phenomenological
macrospin model is derived in order to investigate magnetic states in antiferromagnetically coupled mag-
netic thin film elements. We analyze the possible magnetic configurations and study their evolution in
the applied magnetic fields [3, 4, 5]. We present a detailed analysis of the magnetization processes in
antiferromagnetically coupled multilayers and elucidate a number of effects recently observed in these
nanostructures [4, 5].
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Study of Magnetic Resonance of Magnetic Nanoparticles

in a Polymer Matrix

N. Guskos1,2∗, J. Typek2, M. Maryniak2, E. A. Anagnostakis1, A. Guskos2

1Solid State Section, Department of Physics, University of Athens,

Panepistimiopolis, 15 784 Zografos, Athens, Greece

2Institute of Physics, Szczecin University of Technology,

Al. Piastów 17, 70-310 Szczecin, Poland

From a physical point of view, polymers are very interesting materials as there are numerous intrigu-
ing physical processes at work in polymers in various temperature ranges, including those involved in
the critical phenomena. The study of magnetic nanoparticles dispersed in low concentrations in poly-
mers could facilitate further progress in two major areas: the investigation of matrix critical phenomena
and the improvement of matrices’ physical properties to improve their functionality. Aggregation and
agglomeration of magnetic nanoparticles leads to the formation of nano- and microsize magnetic struc-
tures that can considerably modify the physical properties of a polymer matrix. Ferromagnetic resonance
(FMR) spectroscopy is one of the main methods of studying the magnetic interactions and the role of
critical (dynamical) processes in matrices. The FMR spectra depend strongly on the kinds of magnetic
nanoparticles, their concentrations and temperature. A very low concentration of magnetic nanoparticles
embedded in a non-magnetic matrix may significantly modify the points of its transition to the glass-state
or its melting transition and the matrix could be studied more effectively by using the FMR technique.
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Low Symmetry Centers in LiNbO3 Doped with Yb and Er

S. M. Kaczmarek, T. Bodziony

Institute of Physics, Szczecin University of Technology,

Al. Piastów 17, 70-310 Szczecin, Poland

Electron paramagnetic resonance (EPR) and optical absorption spectroscopy studies of a LiNbO3
single crystal doped with 1 wt% Yb3+ (sample #1) and 0.1 wt% Er (sample #5) are reported. Optical
absorption measurements of the above-mentioned crystals suggest the presence of localized phonons.

Figure 1: a) Temperature dependence of 918.3, 955.5 and 980 nm absorption peaks for LN:Yb (1 wt%)
and LN:Yb, Pr (0.8 wt%, 0.1 wt%) single crystals, b) Low temperature absorption spectrum of LiNbO3:
Er, Yb (0.3 wt%, 0.5 wt%). Curve 1 is an additional absorption spectrum of the crystal after irradiation
with γ-quanta

Raman spectra of the following single crystals: (2) LiNbO3: Nd, Yb (0.5 wt%, 0.7 wt%), (3) LiNbO3:
Nd, Mg (2 wt%, 6 wt%), and (4) LiNbO3: Er (0.3 wt%) are discussed. Samples #2 – #4 reveal bands in
the 50 - 220 cm−1 range providing indications similar to those of the optical studies.
In the case of sample #1, the localized phonons may be considered indirect evidence of local pertur-

bations around Yb ions, possibly due to the formation of Yb –Yb ion pairs. The temperature behavior of
the EPR lines’ intensity and line width for sample #1 reveal antiferromagnetic coupling among Yb3+ ions
in LiNbO3: Yb

3+. Based on this presumption, EPR spectra are interpreted using a spin Hamiltonian for
dissimilar Yb3+ ion pairs. This model yields overall agreement between the experimental line positions
and the simulated results and explains the observed spectral features, which appear to be due to C1
symmetry of Yb sites.
In the case of sample #5, the localized phonons may be considered indirect evidence of local per-

turbations around Er ions, possibly due to the formation of Er-Er ion pairs. The EPR lines originating
from the 167Er isotope of hyperfine structure and from the evenEr isotopes causing the fine structure were
identified. The angular dependence of the EPR lines allowed us to distinguish the presence of several non-
equivalent centers. After deconvolution of the EPR line into several Lorentzian components, the Er3+

center with the lowest C1 point group symmetry was resolved and values of the g tensor were estimated.
The obtained results confirmed the model of non-equivalent centers of rare-earth ions in lithium

niobate having the lowest C1 symmetry due to the presence of intrinsic defects in the near-neighborhood
of RE3+.
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Figure 2: Raman spectra recorded for LN:Nd, Yb (1), LN:Nd, Mg (2) and LN:Er (3) single crystals

Figure 3: a) Sample of the EPR spectrum of LiNbO3:Yb
3+ (1 wt%) at 8 K measured in the ZX plane.

Magnetic dipole-dipole splitting is indicated b) Schematic structure of the nearest neighbor ions around
Yb3+ ions in the LN unit cell: Li+ (light grey), Nb5+ (green), and O2− (red); the most probable position
of the YbLi – YbNb ion pair is marked by a circle
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Figure 4: a) EPR spectrum of LiNbO3: Er
3+ crystal measured at T = 8 K. The magnetic field is oriented

parallel to the c-axis (B‖c, θ = 0◦), b) Angular dependence of the EPR spectra of LiNbO3: Er
3+ crystal

measured at 8 K in all three perpendicular planes: black squares mark positions of fitted Lorentzian lines
and measured EPR lines from the spectrum (with errors); marked lines are calculated using the spin
Hamiltonian (EPR-NMR program)
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Extended Free Radical Networks Derived from the Condensation

of Cyanuric Chloride with p-Phenylenediamine

N. Guskos1,2∗, G. Żołnierkiewicz2, A. Guskos2, D. Petridis3
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Covalent layered networks were derived by condensation of cyanuric chloride with bridging para-
or meta- phenylenediamine. The local chemical environment of the layered solid can be modified by a
redox reaction to produce new reconstructed derivatives. Thus, a blue product was obtained by treating
an alcoholic dispersion of the layered solid with ferric nitrate or potassium persulfate, signaling the
possible formation of an extended free radical. When iron nitrate was used as oxidant, the temperature-
dependent magnetic resonance spectra were measured in the 290–90 K region. The magnetic resonance
measurements showed the coexistence of two spectra originating from two different magnetic centers: a
narrow line centered at g = 2.0038(1), of line width ∆H = 6 Gs (free radical), and a broader line centered
in the lower resonance magnetic field (cluster) [1]. This suggested the presence of aggregated radicals.
A new sample was prepared so that the broader line was more intense. The narrow line was centered
as above, but its line width was greater (∆H = 8.5(2) Gs) and the broader line was more intense with
the resonance field’s stronger shift towards the lower magnetic field. The temperature dependence of the
magnetic resonance lines was highly variable in both cases. At higher temperatures, integrated intensities
decreased with decreasing temperatures in both spectra. This behavior is similar to that of magnetic
nanoparticles in nonmagnetic matrixes [2]. The resonance field of the broader line was shifted towards
the lower magnetic field with ∆Hr/∆T = 1.5(1) Gs/K while the narrow line was shifted towards the
higher magnetic field with ∆Hr/∆T = 0.020(1) Gs/K. The width of the broader line increased with
decreasing temperature, while the narrow line remained almost constant. The broader line originated
from a magnetic iron oxide, e.g. Fe3O4 [3], and could form internal magnetic field capable of interaction
with free radicals. It could direct free radicals to form the magnetic ordering state.
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Advanced Nanostructured Metallic Composites

for Energy Storage

M. Jurczyk∗, M. Nowak
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A major problem of the future world with renewable energies and reduction of environmental pollution
will be energy storage. Novel nanostructured materials may successfully solve this problem. Currently, the
most important goal of research in hydrogen storage materials is to develop materials of high hydrogen
storage capacity, fast hydrogenation/dehydrogenation kinetics and low cost [1]. For example, the hydro-
gen storage capacity of Mg and Mg2Ni is rather high, respectively 7.6% and 3.6% of mass. However, their
hydrogen absorption and desorption temperature is too high and their hydrogenation/dehydrogenation
kinetics is insufficient for practical applications. Considerable effort has been made to remedy the disad-
vatages of microcrystalline hydride materials including alloying element additions, surface modifications
and forming composites with catalytic components. At the same time, the research in hydrogen stor-
age materials entered an exciting new phase with the advance of nanocrystalline alloys, which exhibit
substantially enhanced absorption/desorption kinetics, even at room temperature [2].
In order to optimize the choice of inter-metallic compounds for a battery application, it is crucial

to attain better understanding of the role of each constituent alloy on the electronic properties of the
material. Nanocrystalline metal hydrides offer a breakthrough in the prospects for practical applications.
Their excellent properties, significantly exceeding those of traditional hydrides, are a result of combined
engineering of many factors, incl. alloy composition, surface properties, microstructure and grain size. The
present authors and their co-workers have investigated the microstructure and properties of TiFe-, TiNi-,
ZrV2- and LaNi5-type nanocrystalline alloys in order to reveal the influence of materials’ microstructure
on the electrochemical properties of hydrogen storage alloys [3].
In this work, we have studied experimentally the structure, electrochemical and electronic proper-

ties of nanostructured LaNi5/M- and Mg2Ni/M-type composites, where M=C, Ni, Cu or Pd. These
materials were prepared by high-energy ball-milling (HEBM) of host phases with catalytic elements.
The properties of hydrogen storage materials can be modified substantially by alloying to obtain the
desired storage characteristics. For example, it has been found that substituting nickel with cobalt in
LaNi4−xMn0.75Al0.25Cox alloy greatly improves the discharge capacity and cycle life of LaNi5 materials.
In nanocrystalline LaNi3.75Mn0.75Al0.25Co0.25 powder, discharge capacities up to 260 mA h g

−1 have been
obtained. The Mg2Ni electrode, mechanically alloyed and annealed, displayed its maximum discharge ca-
pacity (100 mAhg−1) at the 1st cycle, but degraded strongly during further cycling. In nanocrystalline
Mg1.5Mn0.5Ni alloy, discharge capacities up to 241 mAhg

−1 were measured. At the same time, mechan-
ically coated LaNi5- and Mg2Ni-based alloys with graphite, nickel, copper or palladium have effectively
reduced the degradation rate of the studied electrode materials. Finally, the properties of nanocrystalline
alloys and their nanocomposites were compared with those of microcrystalline samples. The substitution
of Ni in the LaNi5 alloy or Mg in the Mg2Ni alloy with transition metals leads to significant modifications
of the shape and width of the XPS valence band of both nanocrystalline and microcrystalline samples.
Especially, the valence bands of the nanocrystalline alloys are considerably broader compared with those
measured for the microcrystalline samples. The strong modifications of the electronic structure of the
nanocrystalline LaNi5- and Mg2Ni-type alloys could significantly influence their hydrogenation proper-
ties, similarly to the behavior observed earlier for nanocrystalline FeTi-, TiNi- and ZrV2-type alloys. The
present paper will review our recent results.
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Glass-forming Ability of Selected Metallic Systems

B. Idzikowski
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Topological criteria for amorphization of multi-component alloys are discussed. A model is proposed
for metallic glass formation through destabilization of the host crystalline lattice by substitutional and/or
interstitial solute elements. A solute element may partition between substitutional and interstitial sites
and the model calculates relative site frequency as a function of the strain energy associated with each
site. The strain energy, in turn, depends upon solute’s and solvent’s elastic properties and relative sizes,
and upon temperature. The crystalline lattice is destabilized, which may lead to amorphization, when
solute elements produce a critical internal strain required to change local coordination numbers [1].
For example, we have found fully amorphous structures in melt-spun alloys from the DyMn6−x−yFex+y

Ge6−xAlx (x, y = 0, 1, . . . , 6) pseudo-ternary system [2]. During rapid solidification, the amorphous states
compete with the nucleation of ternary inter-metallic compounds of different crystallographic structures.
All amorphous samples exhibit multi-step crystallization behavior without a clear indication of glass
transition below the first exothermic effect. Some of the amorphous alloys exhibit magnetic ordering
above room temperature and complex magnetic transitions similar to the properties of crystalline 1-6-6
compounds. The occurrence of glassy states in Dy-(Mn,Fe)6-(Ge,Al)6 cannot be classified with the usual
rules developed for the glass-formation ability in multinary amorphous metals. Repulsive interactions
between certain alloy components play are important for the stability of these amorphous structures. This
effect requires four or five alloy components within a basic amorphous structure. The results suggest that
chemical interactions are important for a refined confusion principle in multinary metallic glass-formers.
Another type of amorphization and nanocrystallization processes during heat treatment has been ob-

served in NANOPERM-type materials. With increasing temperature of treatment, amorphous Fe41Ni40
Zr7B12 alloy undergoes nanocrystallization with its SRO (short range order) close to the fcc-crystal
structure [3]. Magnetization of a sample annealed above 582◦C for 1 hour becomes enormously sensitive
to pressure (and thus volume) changes. Even a small increase in the annealing temperature, e.g. from
582◦C to 595◦C, leads to pronounced magneto-volumetric phenomena. The pressure-induced reduction
of magnetization is by almost an order of magnitude. This behavior is comparable with the Invar char-
acteristics of the crystalline Fe67Ni33 alloy. This reflects an abrupt increase in the range of the coherent
(crystalline) regions, a qualitative change in their electron structure and a relevant evolution in the
characteristic behavior of itinerant ferromagnets. In general, the temperature dependencies of magnetic
parameters corresponding to nanosized grains deviate from those of bulk alloy of the same composi-
tion. Three mechanisms responsible for the observed effects are proposed: (i) influence of impurities in
nanograins, (ii) contribution of grain surface or, most probably, (iii) changes in lattice parameters of
Cr23C6-type grains. Different magnetic behavior may be observed for low, medium and high volumetric
fractions of crystallites.
Both families of alloys exhibit unusual magnetic behavior in amorphous states as well as after relax-

ation of their glassy structure or after the first stage of crystallization. These problems are also discussed.
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Some Recent Developments

on Systems Exhibiting Negative Behaviour

J. N. Grima
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Systems (materials or structures) which are described as exhibiting “negative behaviour” are those
which have some property X where in most materials, X would be positive, but in negative materials, this
property is negative. Examples of negative systems include materials and structures having a negative
Poisson’s ratio (auxetic) which exhibit the counter-intuitive behaviour of getting fatter when stretched
and thinner when compressed, or systems which have a negative thermal expansion coefficient (NTE),
i.e. systems which get smaller when heated and expand when cooled.

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 composite 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 mechanisms which can lead
to negative properties. In particular we will look at how such anomalous behaviour can be manifested in
various systems ranging form mechanical models to single crystalline materials (e.g. silicates and zeolites).
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Nanomechanical Properties of Metals
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Our recent results in cross-scaled modeling of nanomechanical properties of metals at the atomic scale
are presented. In particular, a new computer code enabling embedding tight-binding (TB) calculations
into a molecular-dynamics (MD) framework is introduced.
Nanoindentation and nanoscratching of a cuboid-shaped copper slab with various crystallographic

orientations ((100), (110), (111)) by an infinitely hard indenter have been simulated in pure MD and
hybrid TB+MD approaches. The time-space evolution of plastically deformed regions predicted by both
computational models have been compared carefully. The results are discussed in terms of stress field
distributions and geometrical characteristics of local atomic neighborhoods. The normal and tangent
forces experienced by the indenter have been analyzed for the considered workmaterial’s orientations.
The need to include quantum-based force fields in the vicinity of the indenter’s tip in order to obtain
realistic brittle behavior is discussed critically.
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A Phase Diagram of Symmetric

A–B Diblock Copolymer Solutions:

a Lattice Monte Carlo Simulation Study
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A phase diagram for symmetric A–B diblock copolymer solutions of various concentrations was con-
structed using the Cooperative Motion Algorithm [1] (see [2] for the method’s description). We started
from pure melt (50% segments of type A and 50% of type B, concentration Φ = 1.0) and replaced some
diblock chains with a selective solvent of type A. The solvent’s selectivity implies that its interactions
with the A block were different from those of the B block. After the first modification, we obtained
a solution consisting of 55% of A segments (copolymer A blocks and added solvent molecules) and 45%
of B segments (copolymer B blocks), in Φ = 0.9 concentration. Next, we performed a simulation with
60% of A segments (concentration Φ = 0.8). In further steps, we changed the concentration as above in
0.1 decrements (5% increment of the A segment volume fraction), finally reaching 95% of A-segments,
i.e. a concentration of Φ = 0.1.
The simulation started at each concentration from a homogenous “athermal” state. Such a perfectly

mixed system was quenched to a set of temperatures below and above the order-disorder transition (ODT)
and another set of very low temperatures. We used quenching instead of slow cooling having found [3] that
quenching should be considered a more favorable method to achieve equilibrium states in block copolymer
simulations. This particularly concerns temperature ranges in which structural relaxations become very
sluggish; similar problems appear in real systems [5].
We have obtained a set of thermodynamic and structural properties such as energy, specific heat, and

mean- squared end-to-end distance calculated both for the whole chain as well separately for particular
blocks, in order to identify the obtained self-assembled nanostructures and provide an outline of a phase
diagram as a function of the chain’s concentration, Φ. We have observed classical nanostructures such as
lamellas, hexagonally and cubically packed cyliners, FCC-, BCC; and SC-packed micelles, as well as a very
interesting non-classical double-continuous gyroid phase. We have also identified such microstructures as
hexagonally and cubically perforated lamellas, and an intermediate lengthened micellar phase between
the cylinder and the micelle region.
With reference to our earlier work on low-temperature ordering effects in triblock and diblock copoly-

mer melts [3, 4], we have found that the observed phenomenon also appears, in a similar form, throughout
the concentration range of copolymer solutions.
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A computer model of the growth of lyzosyme crystals under a variety of physicochemical conditions is
proposed. The growth unit is constituted by the protein in its HP (hydrophobic-hydrophilic) cubic rep-
resentation. The crystal’s growth is driven by hydrophobic interactions between incoming growth units
and the crystal’s surface. The energies of HH, HP and PP interactions are taken from the well-known HP
model and can be modified within the limits of the Miyazawa-Jernigan matrix, which describes interac-
tions between amino acids in proteins. Suitably chosen energy values of HH, HP and PP interactions can
mimic various physicochemical conditions of the system in which the crystal can grow. Some combina-
tions of energy values lead to different crystal forms being obtained, which is an experimentally confirmed
phenomenon.
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We designed and developed a simple model of polymer chains. The chains consisted of identical united
atoms (segments) and were restricted to a simple cubic lattice with excluded volume interactions only
(an athermal system). The polymers were confined between two parallel impenetrable walls with one end
of each chain grafted to the wall. A single linear polymer chain was located in such environment. The
structural properties of the brush were determined from the Monte Carlo simulations. A Metropolis-like
sampling algorithm with local changes of chain conformation was used. The short- and long-time dynamic
properties of the model system were studied. The influence of the system’s density and the length of
chains on the probe polymer chain’s mobility was studied and discussed. The mechanism of the chain’s
motion was also investigated.
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In-situ XAS Fuel Cell Measurements and EXAFS Analysis
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Understanding the structure and dynamics of nanomaterials and their physico-chemical properties
is currently regarded as a challenging research activity with crucial consequences for material design of
various novel applications. Much effort is currently devoted to the study of Pt-based nano-metallic elec-
trocatalysts in order to improve the performance of polymer electrolyte membrane fuel cells (PEMFC’s)
and reduce their cost.
The size, shape and morphology of the platinum group metals ] and/or Pt-based metal alloy parti-

cles and the amount and type of species adsorbed on these particles are important physical quantities
directly affecting the catalyst’s performance. Therefore, a number of studies have been conducted to
characterize the catalyst’s structure. In this context, X-ray absorption spectroscopy (XAS), which yields
unique information due to its high sensitivity to local atomic arrangements around selected catalytic
metal sites, appears to be a particularly powerful tool [1]. XAS may be especially useful for obtain-
ing information on poisoning and structural degradation and can be used under in-situ conditions: in
fuel cell-relevant conditions, e.g. [2, 3], or even in real fuel cells, e.g. [4, 5]. In the latter case, due
to the background absorption of cell components and to the low mass content of metal catalysts, re-
liable and high quality data may only be obtained using specially designed fuel cells and optimized
experimental setup. Then, in order to obtain reliable structural information and avoid misinterpretation,
XAFS analysis of metallic nanoparticles, supported or unsupported, should be accurate and sufficiently
sophisticated.
In this contribution, we report some of the X-ray absorption fine structure (XAFS) results measured at

the Pt L3-edge for a pure platinum catalyst (20%Pt supported on Vulcan XC-72, Pt loading 1.0 mg/cm
2)

obtained using a single fuel cell especially modified to perform low-noise in-situ XAS experiments in
transmission and fluorescence modes, in a wide range of X-ray energies [6]. A structural analysis of the
EXAFS spectra was performed using a GNXAS data-analysis method [7, 8]. The methodology applied
to advance EXAFS multiple-scattering analysis accounts both for the catalytic nanoparticles’ size distri-
bution and sample inhomogeneities (investigated with scanning electron microscopy, SEM, transmission
electron microscopy, TEM, and X-ray diffraction techniques) [9].
The obtained results demonstrate that detailed information about the structural changes induced by

the working conditions (potential and temperature) or time (the ageing effect) in the nanocatalyst can
be obtained through in-situ XAFS measurements and analysis.
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The electrical resistivity of metallic hydrogen has been calculated. To this end, the perturbation theory
was employed in terms of electron-proton interaction for the reciprocal relaxation time characterizing
electrical conductivity. The second- and third-order terms, as well as an approximate expression for the
series sum, were calculated in detail. In doing so, a random-phase approximation with allowance for
exchange interaction and correlations in the local-field approximation was used for an electron subsystem
and the exact solution of the Percus-Yevick equation for the hard-sphere model was employed for the
proton subsystem. In this case, at a given density and temperature, the only parameter of the theory
was the hard-sphere diameter. In order to determine this parameter, the effective pair-wise inter-proton
interaction was calculated. The hard-sphere diameter was determined from the dependence of the inter-
proton interaction on the distance and the known temperature of the system. The dependence of the
resistivity of metallic hydrogen on the density and temperature has been examined in a wide range of
the latter quantities. In the entire range of densities and temperatures considered, resistivity proved to
be close to its limiting value, for which the nearly-free-electron model is applicable.
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The transition metal ions on Kagomé-geometry present one of the most highly frustrated two-
dimensional quantum spin systems with only nearest neighbor antiferromagnetic Heisenberg interactions.
It was recently shown that properties of geometrically frustrated vanadates and cobaltates can be tuned
by chemical engineering to allow the observation of either a spin gap formation or an unusual long range
magnetic order and ferroelectricity in the frustrated Kagomé-like lattices. The relationship between the
electronic and magnetic structure of these oxides and their unique properties remains quite poorly un-
derstood.
Here we report on the results of magnetization and NMR measurements performed on single crystals

of poor and mixed vanadates M3V2O8 (M = Ni,Co) and LnBaCo4O7+δ (Ln = Y,Tb,Dy,Ho,Yb).
A novel approach to the flux growth technique was explored to limit number of nuclei and to grow high
quality single crystals of both the compounds. Details of post growth treatment and characterization of
the samples are also presented.
In the lattice of M3V2O8 the planes that contain the edge sharing MO6 octahedra are not flat

as in the regular Kagomé-lattice but buckled. These Kagomé-staircase magnetic layers are separated
by the non-magnetic VO4 tetrahedra. As a consequence a noncollinear long range magnetic order and
ferroelectricity develop in Ni3V2O8 due to reduction of the geometric frustration. The NMR spectra of
this compound reveal for the first time that two inequivalent positions of vanadium exist, which might
be explained if an extra high anisotropy of Ni2+ orbitals will be involved into consideration. Additional
neutron and synchrotron diffraction studies needed to monitor the local structural features resulting in
coupling of incommensurate magnetic and ferroelectric ordering in the Kagomé staircase Ni3V2O8 and
its Co-counterparts.
We investigated systematically dc-magnetization of a recently-identified class of tetrahedrally coor-

dinated mixed-valent cobalt oxides, LnBaCo4O7+δ. This structure consists of planes of corner-sharing
CoO4 tetrahedra that form a Kagomé net when considering only the Co ions. These planes are connected
in the third dimension by another CoO4 tetrahedral layer of the triangle symmetry with a one-third
density of those of the Kagomé plane. Magnetization measurements on single crystals of LnBaCo4O7+δ
(Ln = Y,Tb,Dy,Ho) clearly show a spin-glass behaviour. Meanwhile, the crystal structure of this mate-
rial is indicative of a 2D critical dimensionality, which should not allow a spin-glass state with Edwards-
Anderson order parameter. Therefore, this family presents a good candidate for a chiral-glass state with
ordered local chirality as predicted theoretically by Kawamura. A recent neutron diffraction study on
a powder sample of YbBaCo4O7 shows a structural phase transition at 175 K from trigonal (P31c)
to monoclinic (Cc) on cooling. This first order transition that buckles the Kagomé planes and allows
a long-range antiferromagnetic order to set in at T ≈ 60 K is accompanied by an anomaly in the crystal
magnetization.
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Hollow structures of ZnO are of special interest as active functional elements for optical nanodevices,
as potential micro-reactors or as micro-containers for synthesis and encapsulation of various compounds.
We report the synthesis and characterization of ZnO microstructures of hexagonal or spherical shapes
and fully or partly hollow interiors.

The microstructures of the first kind are hollow hexagonal prisms of a regular polyhedral shape, with
aspect ratio AR < 1. The prisms are single-crystalline, with well-developed {10 -10} and (0001) faces
and a hollow hexagonal core. The cages are single-, two- or three-walled; the inner holes are 2–5 µm, the
outer diameters are up to 8 µm. Such cages are formed in hydrothermal KF solutions at temperatures
of 120–200◦C.

The micro- and nanostructures of the second kind are partly hollow faceted nanowires and rods with
two typical sizes; AR � 5 (0.5–1 µm in length, 50–100 nm in width and 5–10 µm in length, 0.7–1.5 µm
in width). Such structures arise under hydrothermal treatment of Zn plates at 150–220◦C in H2O and
MOH solutions. Thin nanotubes are characterized by a hexagonal inner hole, about 50 nm in diameter,
and the wall width of 50–100 nm.

The hollow structures of the third kind are polycrystalline spheres with hexagonal holes. Such cages
are formed under wet oxidation conditions as a result of oxidation of metallic zinc powder with H2O2

solutions at Ti < 50◦C. These spherical hollow structures are polycrystalline and are built from textured
self-assembling ZnO nanocrystals.
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The lasing characteristics of nano- and micro-sized ZnO objects have been studied on samples prepared
by HT-pyrolysis and hydrothermal synthesis. Depending on the growth technique and conditions, ZnO
nanocrystallites of various morphology and size have been obtained. Lasing behavior of the synthesized
samples was found to depend strongly on the crystallites’ shapes and sizes. Different mechanisms of
feedback formation are responsible for such dependence. Two types of ZnO-based disordered active
media are discussed in accordance with the mechanism of feedback formation.

For type I (classical random lasers), the feedback is provided by random closed loops, which are
formed due to strong backscattering of light. Numerous individual grains participate in the formation
of such loops. Excited media usually contain rounded or irregularly-shaped crystallites of small sizes
(crystallites’ diameter, D, of less than ≈ 100 nm and aspect ratio AR . 2). As a result, type I lasers are
characterized by high emission losses, high lasing thresholds and unstable lasing spectrum parameters
from pulse to pulse.

For type II (microlasers), the feedback is provided by natural high-Q microcavities. Well-faceted
crystallites of specific shapes and sizes (D & 150 nm, AR & 5) serve as such cavities. Every 1D-crystallite
works as a microlaser. Type II lasers are characterized by low losses, low thresholds and stable lasing
spectra. Such materials seem to be the most promising for applications in microelectronic devices.
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Chemical vapor transport (CVT) is a method of growing monocrystal and epitaxial layers of semicon-
ductor compounds. Partial pressure temperature dependences were calculated for the vapor phase (VP)
components of a ZnxCd1−xTe-NH4X (X=Cl, Br, I) thermodynamic system in the 900 –1400 K tempera-
ture range and the 103 –105 Pa pressure range, for solid solution compositions xCdTe = 0.1, 0.2, 0.3. We
used a generalized mathematical model for our calculations, the key components of which can be repre-
sented in a physical and chemical scheme: possible molecular forms of the vapor phase (VP)→ system of
independent chemical reactions for VP → system of chemical equilibrium equations → conservation laws
of matter quantity→ Dalton’s law→ Raul’s law. Such systems were realized in the CVT growing method
for a ZnxCd1−xTe solid solution in the closed volume, using chlorine, bromine and iodine ammonium as
transport agents. On the basis of our theoretical analysis, we can see from the obtained partial pressure
(pi) temperature dependences (p = f(T )) that the HX; H2; Te2; N2; CdX2; ZnX2 components have the
highest values of pi. The molecular form concentration ratio nCdX2

/nZnX2
in the vapor phase determines

the composition xZnTe of the grown solid solution. The concentration ratio depends on the composition
of the source, the total pressure in system, the deposition zone temperature and the transport agent used.

Figure 1: The ZnxCd1−xTe solid solution (x = 0.2) mass transfer rate theoretical (—) and experimental
(4, ©, �) dependences on transport agent’s concentration in ZnxCd1−xTe-NH4X systems (a – chlorine,
b – bromine, c – iodine) for Tdep=1100 K and ∆T=30 K (1); 50 K (2); 90 K (3)

The mass transfer calculations for the ZnxCd1−xTe solid solution’s growth process with the presence
of a temperature gradient were reduced to searching for heterogenic reaction characteristic flows, Q1 and
Q2. Under conditions of our experiments for viscid flows and diffusion description, the Curtiss-Hirchfelder
equation was used. Additional information was the corresponding molecular forms of partial pressure
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above the source surface. Theoretical and experimental investigation of the solid solution’s mass transfer
rate was conducted for deposition zone temperatures of Tdep=1100 and 1200 K in the temperature range
of 30, 50, 70 K (see Fig. 1). It is apparently possible in ZnxCd1−xTe-NH4X systems to control the content
of zinc telluride (xZnTe) in the ZnxCd1−xTe solid solutions by x increase in the source, by increasing the
transport agent’s concentration or by changing atomic number of the NH4X transport halogen in the
sequence (Cl → Br → I).

On the basis of our analysis, we have obtained a quantitative correlation for zinc telluride content
control during the growth of ZnxCd1−xTe solid solutions.
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Electrically conductive polymer composites have broad applications as antistatic materials as well as
in self-regulating heaters, overcurrent and overheating protection devices and electromagnetic radiation
shielding. Conductive polymer composites can be obtained by compounding polymers with conductive
fillers, such as carbon black, carbon fiber, metallic powder, graphite flake, etc. For example, with carbon
black as filler, the percolation threshold is about 15–20% by weight. This amount of carbon black not
only causes processing problems but reduces the mechanical properties as well, especially the composites’
impact toughness. Moreover, the highly concentrated filler tends to slough and thus contaminate the
environment.

Nano-scale manipulation of composites may yield a group of materials which are conductive but
exhibit much better physical and mechanical properties than their existing counterparts. Electrically
conductive polymer nanocomposite materials, as compared with conductive metal-filled systems, offer
substantial weight savings, flexibility, durability, low-temperature processability and tailored reproducible
conductivity. They can be used to produce conductive paints, coatings, caulks, sealants, adhesives, fibers,
thin films, thick sheets and tubes, as well as electromagnetic interference shielding for large structural
components, electrostatic painting, electrostatic discharge and optoelectronic device applications.

The conductive behavior of nanocomposites exhibits no linear relationship with the loading of carbon
nanotubes. Below the critical amount, referred to as the percolation threshold, the change in conduc-
tivity is negligible and the nanocomposite’s conductivity is almost equal to that of the polymer. Above
the percolation threshold, a continuous network of conducting elements is established through the poly-
mer matrix. At this stage, a significant increase in the nanocomposite’s conductivity can be observed.
However, with the filler’s concentration increasing further, the rate of conductivity slows down and sub-
sequently reaches a plateau value.

The reported levels of CNT loading for the percolation threshold vary widely, ranging from less than 1
to over 10 wt% [1]. In addition, a much more exact value has not been found through previous numerical
studies. In this work, the renormalization group (RG) theory is used to evaluate the critical concentration
of Carbon Nanotubes for continuous percolation of nanocomposites. RG provides a powerful method for
modeling large heterogeneous systems [2]. Some of its successful applications can be found in studies
of barrier properties of polymer-clay nanocomposites [3], micro-crack connectivity [4] and transport in
porous media [5].

The basic hypothesis of the RG approach is the probability, P , that a cell becomes conductive is the
same at all orders. Therefore, the next step in this modeling approach is the construction of a renormal-
ization transformation, P

′ = R(P ), between the original probability, P , and the renormalized probability,
P

′, when the order is changed [2]. In order to apply the RG theory to evaluate critical CNT concen-
tration in conductive nanocomposites, an n-order cell was considered as a simple cube with its corners
representing eight constitutive (n− 1)-order elements. Each corner was marked by a solid dot when the
corresponding (n− 1)-order element was conductive.

Derivation of all conductive and topologically different configurations was concluded by considering
a direction (e.g. top to bottom) as the ideal conductivity direction. All possible configurations of any
order (from 0 to 8) were then considered and summed up. By solving the equation P = P

′ = R(P ), the
percolation threshold was estimated as 0.1368 wt%,a carbon nanotube concentration in good agreement
with experimental results [6].

66



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, Poland O-10B

References

1. Ounaies Z, C Park, KE Wise, EJ Siochi, JS Harrison, 2003 Comp. Sci. Tech. 63 1637
2. Wilson KG and J Kogut 1999 Phys. Rep. 12 75
3. Chunsheng Lu and YW Mai, 2005 PRL 95, 088303
4. Arcangelis LS, S Redner and A Coniglio 1985 Phys. Rev. B 31 R4725
5. Banavar JR, Cieplak M and DL Johnson 1988 Phys. Rev B 37 R7975
6. Kymakis E, Alexandou I, Amaratunga GAJ, 2002 Syn. Met 127 59

67



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandO-11A

Synthesis and Physicochemical Properties of Noble Metals

and Transition Metal Oxides Confined in Silica
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Silica mesoporous materials are characterized by regular structure, large surface area, extending to
1000 m2g−1, and narrow pore size distribution in the range from 2 to 10 nm. Their properties can be
easily modeled by the application of different preparation methods and thermal treatment conditions, as
well as introduction of metals, metal oxides, different metal complexes or organic species. Silica meso-
porous materials have aroused interest in various fields, including catalysis, sorption, material science and
nanotechnology, as host structures for the preparation of new nanostructured materials such as metal
nanowires or mesoporous carbon materials.
The aim of our study was to obtain silica mesoporous materials modified with silver or gold and tran-

sition metal oxides. Samples were obtained by various preparation routes, including direct hydrothermal,
template ion exchange and impregnation methods. Pore dimensions were modified by application of vari-
ous surfactant molecules. The samples’ properties were investigated with a set of experimental techniques,
including nitrogen sorption, X-ray diffraction, atomic force microscopy (AFM), UV-Vis, FT-IR/PAS spec-
troscopy and temperature-programmed methods. The samples were tested in the CO oxidation reaction.
The obtained materials were characterized by large surface area and ordered pore structure. The

introduction of large amounts of modifiers by the hydrothermal method led to a reduction in the surface
area and distortions of the regular structure. The samples obtained by the TIE method had inferior
structural properties. The presence of modifiers was found to influence the mechanism of surfactant
removal. We observed changes of the nature of oxide species and metal crystallites at the particular
preparation stages and catalytic activity due to different pretreatment conditions.
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Zinc oxide (ZnO) has a wide band-gap of≈ 3.3 eV at room temperature and is an n-type semiconductor
in its non-stoichiometric form. Due to its low electrical resistivity and high transmittance, it is a potential
candidate material for use in optoelectronic devices [1–3].

In this paper, we report on the influence of substrate nature and UV irradiation on the structure and
optical and electrical properties of ZnO thin films.

Zn films were prepared by thermal evaporation in vacuum from an Mo crucible heated at 970 K on
various substrates (glass, quartz, SiO2/(004)Si). An annealing process was performed at 623 K for 2 h
in order to obtain ZnO thin films.

In order to improve their optical and electrical properties, the films were UV irradiated for 2h (150W
mercury lamp, 3.18–3.65 eV).

Structural studies were performed by using a DRON 3 diffractometer (CuKα radiation). The films’
morphology and roughness of thin was investigated with a home-made Atomic Force Microscope.

The film’s transmittance was measured using a UV-vis-NIR spectrometer. Their electrical properties
were determined using a Keithley equipment.

The X-ray diffraction patterns of all ZnO thin films exhibit a hexagonal structure with preferred
crystallite orientation along the c-axis parallel to the substrate surface.

The grain size (Sherrer relation), the preferred crystallite orientation and the surface roughness de-
pended on the nature of the substrate and on the UV irradiation (Tab. 1).

Strong changes in surface morphology and roughness were in evidence after UV irradiation, suggesting
the occurrence of a re-crystallization process.

The wavelength dependence of the studied ZnO thin films’ transmittance spectra showed high trans-
parency in the visible region. The substrate and UV irradiation influenced the transmittance value. The
optical absorption coefficient was determined from transmittance spectra and found to obey the relation
αhν = A(hν − Eop)1/2 for the allowed direct transition (hν being photon energy; A – a constant and
Eop – the band gap energy). The optical band gap values, as determined from the linear portion of the
plots (αhν)2 versus hν to α = 0, are presented in Tab. 1. The band gap energy increased for the samples
subjected to UV irradiation.

Table 1. XRD grain size, D, optical band gap energy, Eop, electrical resistivity, ρ

Sample D [nm] Eop [eV] ρ · 104 [Ωm]
ZnO/glass 18.09 3.224 9.9

UV-ZnO/glass 18.05 3.224 8.0
ZnO/quartz 13.88 3.200 1400.00

UV-ZnO/quartz 16.01 3.264 249.6
ZnO/SiO2/(004)Si 17.22 4.5

UV-ZnO/SiO2/(004)Si 17.73 2.2
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The electrical resistivity of the studied samples (Tab. 1) was also dependent on the crucible’s tem-
perature and the nature of substrate and treatment. The electrical resistivity was observed to decrease
after UV irradiation. No correlation was found between resistivity and the X-ray (002) reflection peak
intensity (representing the film’s crystalline quality). The obtained results support the assumption that
the resistivity is mainly determined by the boundary effect model.
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Yttrium aluminum garnet (YAG) doped with neodymium (Nd) is well known as a laser material.
Single crystals of YAG obtained by the Czochralski method are doped by Nd up to 1,5%. YAG:Nd.
At the same time, nanocrystalline powders have many potential applications, for example, as stable
phosphors or materials for laser ceramics.
In this work, we present a study in the formation of nanocrystalline phases in a Y3Al5O12 (YAG) –

Nd3Al5O12 (NAG) system. Solid solutions of Y3(1−x)Nd3xAl5O12 with Nd concentrations up to 27.5 at%
were formed (although crystals were obtained with Nd concentrations up to 12 at%). The perovskite phase
of the Nd0.73Y0.27O3 formula, a two-phase system and, finally, perovskite NdAlO3 were detected to form
with increasing concentration of Nd. Garnet NAG did not appear. The obtained nanopowders exhibited
crystalline structure confirmed with X-ray diffraction (XRD). The nanopowders’ size and morphology
were analyzed with scanning electron microscopy (SEM) and high-resolution scanning electron microscopy
(HRSEM).
We have succeeded in preparing the phases of YAG and YAG substituted with Nd from aluminum

nitrate, rare earth oxides and complexing, polymerizing compounds by the modified sol-gel method. The
proposed route based on inorganic salts and metal oxides is simple and less time-consuming. All the
reactants were carefully solved in acetic acid solutions and treated thermally after removing the solvent.
The mechanism of YAG powder formation by the sol-gel method was examined. Synthesis of nanocrystals
of the yttrium aluminum garnet structure is complex and proceeds in several stages during gelation and
continued during the thermal treatment in the temperature range from 1000 to 10000◦C. DTA, X-ray
diffraction and FT-IR spectroscopy were applied in order to explain the formation of YAG nanopowders,.
The high heat effect, manifesting itself as a maximum in the DTA curve at 858◦C, is connected with

phase change during which nanocrystalline powder of yttrium aluminum garnet is formed. As a result
of the phase change peaks characteristic for YAG monocrystals appear in the diffractograms. Electron
microscope photographs confirm that the amorphous xerogel is transformed into small, well-shaped par-
ticles with narrow size distribution. The FTIR spectrum of the powder calcinated at 1000◦C exhibits
absorption bands only in the spectral range below 1000 cm−1, characteristic for the Me–O stretching and
bending vibrations. The mechanism of YAG nanocrystal formation from inorganic salts different from
those accompanying the alcoholate pathway is discussed.
The applied simple polycomponent oxide method appears to be effective in producing large amounts

of nanocrystalline powders.
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Modification of technological semiconductor nanodevices’ two-dimensional electron gas (2DEG) eigen-
states by absorption of regulated successive photon doses is crucial for their optoelectronic functionality.
We have studied it for the generic case of a conventional nanoheterodiode in terms of the 2DEG funda-
mental eigenenergy sub-level’s correlation with the respective 2DEG areal density versus instantaneous
cumulative photonic intake. Application of this treatment to the experimental photoresponse of a typ-
ical AlxGa1−xAs/GaAs modulation-doped heterodiode enables realistic tracing of the pertinent 2DEG
eigenstate photonic modification. The scheme appears to be indirectly justified by the measured 2DEG
mobility photonic evolution’s compatibility with the one deduced for the nanoheterointerface fundamental
wavefunction penetration length into the energetic barrier region adjacent to the 2DEG quantum well.
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Introduction
Zinc phosphide is well-known as an inexpensive material with excellent direct optical gap (Eg ≈ 1.5

eV) for high-efficiency solar elements [1, 2 and 3]. Cadmium phosphide is not only a promising material
for lasers acting within a window of atmosphere transparency due to Eg ≈ 0.59 eV [3]. It has also
been recommended as a valuable quantum amplifier for fiber lines [4]. Thus, both crystals are suitable
materials for optoelectronic applications.

These crystals have similar polymorphous transformations near 1118 K and 1010 K, respectively [5].
Such transformations have been determined as a positional ordering of metallic atoms in their sublattices
having one quarter of vacant sites [6]. The space symmetry changes from cubic Fm3m−O5

h to tetragonal
P42/nmc − D15

4h. Of course, the transformations are accompanied by some tetragonal deformations of
lattices, but they appear to be very small for both materials. However, they have a considerable impact
on the parameters of the crystalline field [7] in addition to their direct input into Hamiltonians [8]. The
factor mentioned above is often referred to as the Kildal parameter [9] and influences the band gaps
near k = 0.

The main object of this report is a computer evaluation of changes in actual optical gaps caused
by direct and indirect influences of the tetragonal deformations arising during the mentioned phase
transformations.

Theory and the input data
The Hamiltonians for the low-temperature tetragonal phases have been used in the form of [8], with

obvious simplifications due to the presence of the symmetry centers in our crystals. The secular equation
may be written down as:
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Here, (Eg, P,∆, δ) are the model’s parameters [9]: the energy gap, the matrix element of the pulse, the
parameter of spin-orbital splitting and the above-mentioned Kildal parameter, respectively. The energy
of carriers (ε) is counted from the top of the heavy holes band, k is the wave vector module, Θ is the

∗Corresponding author: gp47@mail.ru

73



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandO-13A

spherical angle, and η = 1

2
c/a is the scalar parameter of tetragonal deformation determined by the two

lattice constants.
The additional dependence of the Kildal parameter on η was taken into account according to the

following formula [7]:

δ(η) = δs − 2b(1 + ν)(1− η)

(

1−
b(1 + ν)(1− η)

∆

)

(1)

Here, δs is the structurally independent part of the Kildal parameter, ν – Poisson’s factor, b – the
constant of the deformation potential.
The set of calculation parameters for tetragonal phases is presented in following table [1, 2, 3, 5 and 7]

T a b l e 1

Parameter Eg , eV ∆, eV P , eVm δs, eV b, eV ν η

Materials

Zn3P2 1.50 0.11 7.8 · 10−10 0.058 3.51 0.474 0.9948

Cd3P2 0.59 0.15 7.2 · 10−10 0.076 2.62 0.457 0.9909

The set of parameters for cubic phases was almost the same, save that: η = 1, δs = 0, thus δ = 0.

Results and discussion
First of all, the deformation’s influence on the dependence of the Kildal parameter is much greater

(from 6 to 10 times) than on the direct input of parameter δ(η) into equation (1) for both materials.
This result was predictable. The parameter is included in the trace of the Hamiltonian, which is equal
to the older coefficient at ε3 in (1). At the same time, the parameter η is directly included only into the
other coefficients of (1), but these originate from the non-diagonal elements of the Hamiltonian. Hence,
the computing has just confirmed such supposition.

The solutions of secular equation (1) describe four energy band, viz. the conductivity band and three
separate valence bands (as for tetragonal phases), in the order given in [2]. Let us to mark the three
optical gaps between the valence bands and the conductivity band as A, B, C, in the ascending order of
energies. These transitions form the edge of the fundamental absorption.

The plot presented below shows the dependences of changes of these gaps on the module of the wave
vector for two directions: along the main crystalline axis and normal to it (upper and lower curves
respectively as for B, C, and vice versa for A). These changes have been calculated for the tetragonal
phases in relation to the cube phases. In other words, the changes are equal to deviations of A, B, C
energies between the phases. Such a shift shall be observed after ordering the samples. As the obtained
dependences are very similar qualitatively for both materials, only one of the couple has been shown.
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The magnitude of changes in cadmium phosphide is slightly greater than for zinc phosphide. Nev-
ertheless the maximal shift for a degenerate sample with k = 4 · 108 m−1 (i.e. with concentration of
electrons of about n ≈ 2 · 1024 m−3 and with the Fermi level located approximately εF ≈ 9 meV over the
bottom of the conductivity band) is no more than twice the well-known Burstein-Moss shift. At room
temperature, the calculated changes have not exceeded k0T ≈ 26 meV.

However, the effect may be more pronounced at low temperatures and above all of the low concentra-
tions where the anisotropy of changes is progressively weakened and disappears completely. The following
table presents the energy changes of A, B, C transitions in the limit: k → 0.

T a b l e 2

Energy changes, meV A B C

Materials

Zn3P2 0.0 11.3 7.1

Cd3P2 0.0 13.6 9.0

Thus, the influence of tetragonal deformation common for the investigated crystals is quite temperate
and is mainly caused by dependence (2). Therefore, the parameter’s direct inclusion in Hamiltonian (1)
will generally be optional, if exactness of the computations should not exceed a few meV.
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Semiconducting bismuth telluride has a band-gap energy of about 0.15 eV at room temperature and is
a good material for mid-infrared detection [1]. We grew bismuth telluride thin films on gallium nitride (on
sapphire) by pulsed laser deposition at a substrate temperature of 300◦C. The structural characteristics,
surface morphology and transmission/absorption properties of these bismuth telluride thin films were
respectively studied by X-ray diffraction, scanning electron microscopy and Fourier transform infrared
spectroscopy. The chemical composition of as-deposited bismuth telluride thin films was determined
by X-ray photoelectron spectroscopy and found to differ from that of the bulk target, changing from
the stoichiometric Bi2Te3 to bismuth-rich. A bismuth-rich p-Bi2Te3/n–GaN/Al2O3 heterojunction was
fabricated for photovoltaic detection of low energy photons. The wide band gap semiconducting n-GaN
layer and the Al2O3 substrate acted as a window for IR transmission. A sensitive IR photo-response of
the heterojunction was obtained by back-side illumination. The irradiation changes of the current-voltage
characteristics allowed us to evaluate the series resistances, parallel resistance and ideality factor of the
junctions. Our results suggest that bismuth telluride can be used in photovoltaic mid-infrared detection
at room temperature.
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Modern technology often requires designing materials of special properties, not common in nature. An
example is the class of materials showing anomalous (negative) Poisson’s ratio [1, 2]. Such materials, called
auxetics [3], have recently become a subject of increasing interest [4]. Effective design of such materials
could be greatly improved if mechanisms controlling properties of elastic media were known in detail and
well understood. Studies of simple model systems constitute an important step in this direction.
The present work is focused on studying the influence of disorder introduced on the microscopic level

by atomic size polydispersity on the macroscopic elastic properties of simple models of molecular systems
(see Fig.1).

a) b) c)

d) e) f)

Figure 1: Examples of the studied systems: (a) polydisperse discs, (b) a binary mixture of discs, (c) poly-
disperse trimers, (d) dimers in the DC phase, (e) a polydisperse sphere system, (f) a binary mixture of
spheres. The scales on the structures’ left indicate distribution of atomic sizes in the system. In binary
systems, atoms with diameters of less than σ are drawn in light gray, those with diameters in excess of
σ are drawn in dark gray

The particles (‘molecules’) interact through site-site (‘atom-atom’), n-inverse-power, pair potentials.
Their interactions are assumed to be short-range, i.e. only the particles sharing a side of their Dirichlet
polygons (in 2D) or a face of their Voronoi polyhedra (in 3D) are assumed to interact. Our investigations
have been restricted to the static case, i.e. to the temperature of T = 0K. All the polyatomic molecules
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are rigid, i.e. the atoms forming them are placed at fixed distances from each other. The aperiodicity is
introduced to the system either by dispersion of atomic sizes (in polydisperse and binary systems) or by
degeneracy of the systems’ ground state (for identical molecules).
Two kinds of atomic size distributions were studied: polydisperse systems and binary mixtures. In

polydisperse systems, atomic sizes were generated according to the Gauss distribution function at a given
standard deviation δ

δ =

√

〈σ2〉 − 〈σ〉
2

〈σ〉
, (1)

where σ was the atomic diameter. In binary mixtures, the atomic size distribution function consisted of
two Dirac delta functions of the same amplitude. This implies that there were only two possible values
of atomic size in binary system, σ(1− δ) and σ(1 + δ), fifty percent of each.
The elastic properties were determined for highly symmetric periodic and aperiodic structures at

various densities of the systems with a simple computational method [5]. Systems of the same standard
deviation were compared. The results obtained for:

• two-dimensional mono-atomic particles – soft discs [6],

• two-dimensional three-atomic particles – soft trimers [5],

• three-dimensional mono-atomic particles – soft spheres [7]

have been published earlier and are reviewed only briefly here. New results are reported for system of

• two-dimensional di-atomic particles, further referred to as soft dimers.

The studies have shown that, typically [6–9], Poisson’s ratio increases with disorder increasing in the
system and tends to its extreme possible value when the interaction potential tends to the hard-body
one. It also follows from these studies that elastic properties of polydisperse systems and binary systems
of the same δ and 〈σ〉 are very similar. This indicates that moments of the probability distribution of
particle sizes higher than the second one weakly influence the system’s elastic properties.
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The magnetoelectric effect was investigated in a 3-phase composite. The 0–3 connectivity composite
consisted of cobalt (Co) powder and lead zirconate titanate powder (PZT) blended in a polyethylene oxide
(PEO) matrix. Electric charge was induced at the electrodes on the sample’s surface as an AC magnetic
field was applied. The piezoelectric PZT is believed to have induced the surface charges as a result of the
ferromagnetic Co produced magnetostriction coupled to the ceramic phase. The polymer PEO matrix
enhanced the poling of PZT [1] and the induction of electric signals at the sample’s electrodes [2]. This
magnetoelectric composite can be fabricated by conventional polymer processing, such as extrusion or
injection, to any shapes desired for magnetic sensing applications.
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Undoped and Er-doped glasses (amount of Er2O3 – 0.7 and 1.46 wt%) of high optical quality and
chemical purity with garnet (Ca3Ga2Ge3O12 or 3CaO–Ga2O3–3GeO2) basic composition were obtained
by high-temperature synthesis according to [1]. On the basis of Ga and Ge K-edge EXAFS analysis, the
structural parameters (interatomic distances and coordination numbers) for Ga and Ge atoms in the
undoped and rare earth (Eu, Ho, Er) doped glasses of Ca3Ga2Ge3O12 garnet compositions were obtained
[2, 3]. It was shown in [3] that the introduction of rare-earth ions modifies the local structure around
Ga atoms in the glass network, whereas the Ge-subsystem of the glass structure remains completely
unaffected by the presence of rare-earth dopants.
It was also shown with EPR and optical spectroscopy that the erbium impurity is incorporated into

the glass network exclusively as Er3+ ions (4f11 electron configuration, 4I15/2 free ion ground state). All
the observed transitions of Er3+ ions in Er-doped glasses (amount of Er2O3 – 0.7 wt%) of Ca3Ga2Ge3O12
composition in the UV-visible spectral region were identified [4].
In the present work, the optical absorption, emission and luminescence excitation spectra, as well as

luminescence kinetics, have been investigated and analyzed for the main transitions of the Er3+ centers in
glasses of Ca3Ga2Ge3O12:Er composition (amount of Er2O3 – 1.46 wt%). The Er

3+ optical spectra were
analyzed according to the standard Judd-Ofelt theory. As a result, the oscillator strengths, phenomeno-
logical intensity parameters (Ω2, Ω4, and Ω6), radiative emission rates, branching ratios and radiative
lifetimes for Er3+ centers of the Ca3Ga2Ge3O12 glass were calculated and analyzed in comparison with the
corresponding parameters of the Ca3Ga2Ge3O12:Er

3+ garnet crystal and oxide glasses of different compo-
sitions. Decay curves for 4S3/2 →

4I15/2 (λmax = 555 nm),
4F9/2 →

4I15/2 (λmax ≈ 660 nm),
4I11/2 →

4I15/2,
(λmax ≈ 970 nm) and

4I13/2 →
4I15/2, λmax ≈ 1.6 µm) transitions of the Er

3+ centers, obtained at room
temperature, were satisfactorily described by a single exponent with lifetimes of 21.75, 2.02, 89.2 and
4202 µs, respectively. Experimental lifetimes are discussed and compared with those calculated using
the Judd-Ofelt theory.

References

1. B. V. Padlyak, P. P. Buchynskii, Patent of Ukraine, No. UA 25235 A, October 30, 1998.
2. D. Chełstowski, A. Witkowska, J. Rybicki, B. Padlyak, A. Trapananti, E. Principi, Opt. Appl.,
V. XXXIII, No. 1 (2003) 125.

3. A. Witkowska, B. Padlyak, J. Rybicki, J. Non-Cryst. Solids, V. 352, No. 40–41 (2006) 4346.
4. B. Padlyak, O. Vlokh, K. Fabisiak, K. Sagoo, B. Kukliński, Opt. Mater. V. 28 (2006) 157.
5. A. Witkowska, B. Padlyak, J. Rybicki, Opt. Mater. (2007), in press.

∗Corresponding author: bohdan@mail.lviv.ua

80



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, Poland O-16A

An FMR and DSC Study of Maghemite Nanoparticles

in a PMMA Polymer Matrix

J. Typek1, N. Guskos1,2, A. Szymczyk1, D. Petridis3

1Institute of Physics, Szczecin University of Technology,

Al. Piastów 17, 70-310 Szczecin, Poland

2Solid State Physics, Department of Physics, University of Athens,

Panepistimiopolis, 15 784 Zografos, Athens, Greece

3Insitute of Materials Science, NCSR Demokritos,

Aghia Paraskevi, 15 310 Athens, Greece

Iron oxides are well-known magnetic materials, especially maghemite, γ-Fe2O3, which crystallizes in
the cubic spinel structure. In recent years, magnetic oxide nanoparticles have attracted particular interest
due to their unique magnetic properties arising from a complex interplay between the magnetic response
of an individual particle and a multitude of inter-particle interactions. γ-Fe2O3 nanoparticles are used in
catalysis and in magnetic recording media.
Many authors report on polymer-based iron oxide nanoparticles. Polymers may serve as excellent

matrices for magnetic particles in synthesizing nanocomposite materials that combine the functionality
and mechanical properties of the polymer with those of the magnetic filler. Magnetic properties of these
systems are studied using magnetometer measurements, 57Fe Mossbauer spectroscopy and magnetic reso-
nance techniques. Experimental work on maghemite nanoparticles dispersed in polymeric matrices bearing
different surface coatings has stressed the importance of surface effects, indicating that microstructure
of the particles and the host medium can be significant factors determining the magnetic response of
these systems.
In this paper, the thermal and magnetic properties of polymethylmethacrylate (PMMA) polymer

samples filled with 5 and 10 wt% maghemite nanoparticles and agglomerates are investigated. Magnetic
nanoparticles capped with oleic acid were prepared by a one-step method involving partial oxidation of
Fe(II) in alkaline solutions by dilute H2O2. The reaction was conducted in the presence of oleic acid and
under bi- phase conditions. The surface bond oleate groups can be fully exchanged with metacrylate units
by refluxing in ethanol. The exchange reaction ensures the chemical bonding of methacrylate units to
the surface of nanoparticles, which in turn undergo polymerization with the vinyl groups of the methyl
mathacrylate. This procedure is expected to lead to grafting of the nanoparticles to the polymer chains.
The differential scanning calorimetry (DSC) technique was used to determine the glass transition

temperature of the investigated samples. Measurements were made on a DSC-7 (Perkin-Elmer) apparatus.
Samples were packed into hermetic aluminum DSC pans. Measurements were made over the temperature
range of 20◦C to 200◦C at a heating rate of 10◦C/min and under nitrogen flow. The glass transition
temperatures, Tg, were taken as the midpoint of the change in heat capacity (∆cp/2). Ferromagnetic
resonance (FMR) measurements were recorded with a Bruker E 500 spectrometer of X-band (9.5 GHz)
microwave frequency. The samples were cooled down to a given temperature in near-zero magnetic field.
As is usually the case, the first derivative of power absorption was recorded as a function of the applied
magnetic field. The temperature dependence of the FMR spectra in the 3.3–300 K temperature range
was recorded using an Oxford Instruments ESP helium-flow cryostat.
The DSC thermographs showed that the glass transition temperature Tg for pure PMMA was 99.6

◦C,
while it was 106.7◦C for polymer/maghemite composites. The glass transition temperature of a polymer
is defined as the temperature at which it becomes hard and brittle when cooled rapidly after heating. The
weak secondary bonds that stick the polymer chains together get broken and the macromolecules start
to move. The glass temperature, Tg, increases with the increase of nanoparticle concentration, probably
due to branching when islands of nanoparticles are bonded to different polymeric chains. This reduces
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the chains’ mobility and, as a result, the glass transition temperature of the nanocomposites increases.
In addition, the increased concentration of nanoparticles renders the nanocomposite more brittle, leaving
even less free space for polymer macromolecules to move.
Our FMR study in the 3.3–300 K temperature range showed the presence of an asymmetric spectrum,

analyzed in terms of two Gaussian-shaped components arising from assumed magnetic anisotropy of the
nanoparticles. The FMR parameters (resonance field, line width, integrated intensity) were calculated and
studied as a function of temperature. An analysis of the integrated intensity and the product of integrated
intensity and temperature revealed the properties of magnetic interactions in the nanaoparticle system.
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The Effect of γ-Irradiation on the Electric Properties

of Chalcogenide Semiconductor Glass As2S3

H. M. Khlyap1∗, L. Pankiv2, D. Labovka2,

T. Kavetsky2, V. Tsmots2

1TU Kaiseslautern, Germany

2State Pedagogical University, Drohobych, Ukraine

Room-temperature electric field-induced characteristics of a metal-semiconductor structure based on

chalcogenide semiconductor glass, As2S3, have been studied before and after γ-irradiation. Experimental

data showing considerable change of the threshold voltage observed in the current-voltage characteristics

are presented. A possible explanation of these results is discussed in the framework of the random Poisson

field model and according to the theory of current processes in chalcogenide glass semiconductors.
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Magnetotransport Properties of Ferromagnetic

Metal/Oxide Junctions

Y. K. Chan, W. F. Cheng, A. Ruotolo, C. W. Leung

Department of Applied Physics and Materials Research Centre, The Hong Kong Polytechnic University,

Hunghom, Kowloon, Hong Kong, China

A magnetoresistive bi-layer junction was fabricated by pulsed laser deposition. A bottom electrode
LaNiO3 (LNO) layer was deposited on top of a (100) LAO substrate. A Co/La0.7Sr0.3MnO3 (LSMO)
junction was then fabricated on the LNO layer with the shadow masking technique. At low temperatures,
the junction showed positive magnetoresistance (MR, defined as (R(H)−R(0))/R(0)) with a low in-plane
field. By contrast, single LSMO and Co[1] layers showed negative MR under the same conditions, a clear
sign of the giant magnetoresistive (GMR) effect. The MR ratio of GMR in Co/LSMO junctions at
20 K was about 0.5%, with a 3 kOe external field. Compared with conventional spin valves, the structure
described here simplifies the fabrication process to simple deposition of a metallic ferromagnetic electrode
on a ferromagnetic oxide layer, without the need for spacer layer deposition.
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Composites with Low Concentrations of Nanocrystalline

Fe3C/C Fillers
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Two different low concentrations of agglomerated magnetic Fe3C/C nanoparticles (0.1 wt% and 0.3
wt%) were prepared as fillers for polymer nanocomposites using the in situ polycondensation reaction in
poly(ether-ester) matrix. The samples were characterized using the XRD and SEM methods. The SEM
pictures have shown that magnetic nanoparticles were agglomerated. Two types of agglomerates were
detected according to their sizes: one below 100 nm and the other larger than 1 µm. The registered FMR
(ferromagnetic resonance) spectra consisted of a superposition of two lines. One, more intense line was
very broad, while the other was very narrow (Fig. 1).
The former was produced by larger agglomerates, while the latter originated from nano-scale agglomer-

ates. The integrated intensities of these lines at room temperature were proportional to the concentrations
of magnetic constituents [1]. A strong temperature dependence of the FMR spectra was observed and
important differences were detected in comparison with the α-Fe/C nanosystem in the same matrix [2].

Figure 1: Temperature dependence of the FMR spectra of Fe3C/C magnetic nanoparticles (0.3 wt%) in
a nanocomposite matrix
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Characteristics of Hetero-epitaxial Cu2−xMn2O/Nb–SrTiO3

p–n Junction

C. Y. Lam, K. H. Wong
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Mn-doped cuprous oxide, Cu2−xMnxO (CMO), is a p-type diluted magnetic semiconductor (DMS)
with Curie temperature above room temperature [1]. We have grown CMO (x = 0.03) thin films, about
200 nm thick, on n-type semiconducting (001) Nb–SrTiO3 (NSTO) single crystal substrates by pulsed
laser deposition. The cubic crystalline phase of CMO layers was obtained in a narrow deposition pressure
window of about 20 mTorr at a growth temperature of 650◦C. X-ray diffraction and TEM studies of
these heterostructures have revealed a cube-on-cube epitaxial relationship of [CMO]001/[NSTO]001. All
the oxide p–n junctions with the size of 500×500 µm2 were fabricated by the shadow masking technique.
These junctions have shown highly asymmetric I–V characteristics. Their rectification ratio at room
temperature is about 103 at ±2 V. Leakage current density of 10−4 A/cm2 at −1 V has been observed.
No apparent junction breakdown has been recorded at reverse bias voltages down to −5 V. From the
1/C2–V plots, the forward bias turn on voltage has been ∼ 1.4 V. The clear junction current rectifying
properties are maintained up to 200◦C. The rectification ratio appears to increase with temperature.
Our results have demonstrated that epitaxial CMO films can be fabricated on lattice-matched cubic
substrates. They are suitable DMS for above-room-temperature spintronic junction applications.
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Nanocrystalline Co60Fe30Ni10 and Co50Fe35Ni15 Alloys

Obtained During Mechanical Synthesis: a Mössbauer Study
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Ternary Co–Fe–Ni alloys have interesting structural and magnetic properties, one of the most impor-
tant being their good soft magnetic properties, especially in Co-rich compositions. This could lead to
a number of applications. Mechanical alloying has been proposed as a potential technology of producing
such bulk alloys. Co, Fe and Ni have similar atomic sizes and melting points, so they can easily form solid
solutions in a wide range of chemical compositions.
In this work, the Co60Fe30Ni10 and Co50Fe35Ni15 alloy compositions were chosen for investigations,

due to these alloys’ location in the transitional area of the phase diagram. Moreover, these alloys have the
same e/a ratio (number of valence electrons per atom). Samples were prepared from elementary powders in
a high-energy planetary ball mill. X-ray diffraction, transmission Mössbauer spectroscopy and differential
scanning calorimetry were used to characterize the alloys’ structure and hyperfine interactions. Magnetic
measurements were carried out as well in order to determine the studied alloys’ effective magnetic moment,
Curie temperature, saturation magnetization and coercive field.
The final products of the milling processes were solid solutions with a b.c.c. lattice and the average

grain size of tens of nanometers. After heating to 993 K in the calorimeter, the mixture of two solid
solutions (b.c.c. and f.c.c.) was obtained. At the same time, isothermal annealing at 1173 K resulted
in both cases in the formation of a solid solution with an f.c.c. lattice. Mössbauer spectra obtained
for specimens after mechanical alloying and thermal treatment were numerically fitted using hyperfine
magnetic field distribution. It not only enabled monitoring the alloy formation process and estimating
the values of hyperfine interaction parameters but also determination of the local atomic configuration in
the nearest neighborhood of 57Fe isotopes. The most probable configurations were found using extended
binomial distribution.
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The Effect of La and Er Impurities

on the Structure and Critical Temperature

of Bi-2223 Superconductors
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(Bi1−xPbx)Sr2Ca2Cu3O6 compounds (Bi-2223) are the best high Tc superconductors, with a high
critical temperature and current density. However, their preparation is difficult and dependent on the
preparation technique. In this research, Bi1.7Pb0.3Sr1.97Ca2.03Cu3.1O10+x compounds were prepared by
the sol-gel technique. Er and La oxide was added to the samples and Tc was measured. The results have
shown that increasing of impurities (up to ≈ 0.5%wt) Tc is not changed, with increasing the impurities
the Tc decreases.

XRD measurements have shown that a transition phase from 2223 to 2212 occurs with increasing
impurities. La+3 and Er+3 were formed separating domains which these domains were cased the 2212
phase being dominate with increasing of imparities.
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Magnetite Nanowire in MCM-41 Type

Mesoporous Silica Templates
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During the last few years, nanowires have attracted considerable attention due to their importance
for fundamental studies and a wide range of their potential applications in nanodevices.
One of many methods of producing nanowires is embedding atoms in mesoporous ordered silica

materials. The M41S mesoporous ordered silica materials were invented in 1992 by a group from Mobil Oil.
One of such materials, characterized by uniform pore diameter, large pore volume and large surface area, is
MCM-41. Hexagonal arrangement of the cylindrical pores is obtained in MCM-41 through the templating
technique. Cylindrical micelles formed by a surfactant in alkaline medium are used as condensation centers
for silica from tetraethylortho-silicate (TEOS) or alkali metal silicate. Accumulation of micellar rods leads
to the creation of honeycomb-shaped micelle-templated silica. Using templates with alkyl chains of various
length enables controlling pore diameters in the range from 2 to 10 nm.
Arrays of Fe3O4 nanowires embedded in mesoporous ordered silica were obtained by dissolving Fe

3+

ions in the aqueous medium and their adsorption on internal and external surfaces, with the use of Fe-
EDTA complex. Magnetite polycrystalline nanowires were characterized by means of X-ray diffraction
and 57Fe Mössbauer spectroscopy (MS). The average length of these nanowires was about 70nm and their
diameter was about 3 nm. Mössbauer studies demonstrated that the composites consisted of very small
Fe3O4 particles. Almost 80% of particles existed in a paramagnetic state.
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Reduction of sintering time in preparation of high Tc

superconductors based on Bi
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Bi-based superconductors are prepared by different methods [1,2,3], all of them requiring for a pro-
longed sintering process. In the solid state reaction method, calcination eliminates carbonates and pro-
duces an oxide. Until now, this stage has been performed on mixed starting powders of nominal com-
position Bi2O3, PbO, SrCO3, CaCO3 and CuO. We have produced BSCCO superconducting ceramics
by the solid state reaction method with the calcination stage performed on CaCO3 and SrCO3, only in
order to produce CaO and SrO separately. CaCO3 was kept at 1100◦C for 3 hours, while SrCO3 was
kept at 1000◦C for 3 hours. The sintering stage was then performed on the Bi2O3, PbO, SrO, CaO and
CuO powders at 840◦C for 24 hours. We have thus considerably reduced the time required to obtain
the product . We have studied the samples in terms of X-ray diffraction Scanning Electron Microscopy
(SEM). The results have shown that we can obtain BSCCO-2223 and BSCCO-2212 superconducting
ceramics with ease.
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Many glasses containing transition metal oxides are electronic conducting semiconductors. When al-
kali ions are admixtured during preparation of the glass they also participate in the conductivity process,
so that mixed conductivity phenomena are observed. In alkali free-transition metal oxide glasses, con-
ductivity is described by small polaron hopping. The carrier concentration is constant and related to
the concentration of transition metal ions in various valence states. At the same time, ionic conduction
generally depends on the alkali concentration and carrier ions’ mobility. Assuming that the motion of
alkali ions and polarons is independent, the electrical conductivity may be expected to increase with
increasing alkali content. However, real transition metal oxide glasses containing alkali exhibit quite vari-
able electrical behavior, ranging from strong anomalies in conductivity of several orders of magnitude [1]
at certain amount of alkali ions to conductivity weakly dependent on the alkali content [2].
In the process of glass formation, most transition metal oxides play the role of glass formers and

their ions are built into the structural network. A characteristic feature of electrical conductivity in this
family of glasses is a deep minimum in conductivity at certain concentrations of the alkali oxide [2]. A few
possible explanations for particular families of glasses are given in the literature, but there is no general
consensus on the origin of this specific shape of conductivity.
The aim of the presented work has been to find a clue on the mechanisms of conductivity anomalies in

tungstenite-phosphate glasses containing alkali ions. In order to keep the transition metal oxide’s content
at a constant level, we prepared glasses containing the same amount of W2O3 and altered the ratio of
P2O5 to Li2O, Na2O, K2O or Rb2O. We have found that no conductivity anomalies are present under
conditions of constant concentration of tungsten ions and alkaline ions exhibit rather low mobility in the
tungstenite network.
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Extensive MD simulations of plastic deformations of Cu monocrystals were performed in a configura-
tion corresponding to scraping a thin surface layer of atoms (several lattice constants) with a rigid tool.
The deformed regions’ evolution was analyzed for various shapes of rigid tool, various scraping depths,
crystal orientations and directions of scraping. Easy-slip planes and directions have been determined.
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a Molecular Dynamics Study
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Molecular dynamics simulations of liquid Ag and Cu have been carried at various temperatures with
the Sutton-Chen many-body potential [1, 2] using the nanoMD code [3]. A detailed analysis of the
obtained atomic configurations was performed using a number of tool programs contained in the ANELLI
package [4, 5].
We cooled liquid metals from 2000 K to the phase-transition temperature at average rates of 1.9×1013

and 1.6×1013 K/s (respectively for Ag and Cu). Then, the liquids were cooled down to room temperature
at two rates, 2× 1013 and 2× 1011 K/s. The main structural results for both metals, viewed with bond
orientation order analysis [6], are qualitatively similar.

Figure 1: W4 and W6 parameters for Ag and Cu at various temperatures and cooling rates
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Fig. 1 shows the values of the W4 and W6 parameter for Ag ad Cu at several intermediate tempera-
tures. The changes in the parameter values during cooling suggest the appearance of an icosahedral local
structure in the solid phase of the quickly cooled sample, and an fcc local structure in the slowly cooled
sample.
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Extensive classical Molecular Dynamics simulations of tensile strength of single-walled carbon nan-
otubes have been performed using the AIREBO force field.
About 30 nanotubes of radii from 2.8 Å ((0,7) nanotube) to 8.31 Å ((12, 12) nanotube) have been

simulated systematically and the dependence of their tensile strength and stiffness moduli on the nan-
otube’s radius has been determined. It turns out that (n, n) nanotubes are more mechanically resistant
that (n, 0) nanotubes.
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of Bicontained Thin Films
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Investigations of multicomponent solid compounds allow us to expand the possibilities of their prac-
tical 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 investigations. 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 deposition 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 Ts = 400 K.

The film’s surface is sufficiently inhomogeneous, consisting of two structural units: globules and
clusters. The surface of the LiBi3Se5 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 LiBi3Se5 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 ·104 V/m. An analysis
of the experimental current-voltage characteristics has exhibited a quasi-tunneling mechanism of carrier
transport: a two-step process under 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 LiBiSe2 films
and polycrystalline LiBi3Se5 layers. The amorphous films’ surface was globule-and-cluster in character.
Room-temperature current-voltage characteristics of the amorphous films demonstrated tunneling and
space charge-limited currents due to peculiarities of the film surface.
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A numerical scheme is presented fitting the classical forces acting on flagged atoms to quantum
mechanically calculated forces. The atoms in the system which will be treated quantum mechanically are
localized and flagged. Likewise localized are atoms around them acting on their central flagged atom.
Forces acting on the flagged atoms are calculated and used as reference for the classical forces of the
Sutton-Chen potential. The potential is reparameterized by means of the nonlinear Levenberg-Marquardt
procedure, using the standard parameters until they reproduce the actual forces. The “on the fly” fitting
scheme was first proposed by Csanyi and his co-workers and applied successfully for vacancy diffusion
and crack propagation in silicon. In our work, the scheme is applied to metallic systems using the TB
algorithms of Papaconstantopoulos and his co-workers as the quantum-mechanical method and our own
program for MD simulations. We have adapted it for various defects in copper and gold, as well as for
nanocutting of copper with metallic nano-edges.
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Nanocrystal memories have been proposed as a possible solution to the scaling problem of electronic
nonvolatile memories. Ultimately, one is looking for nanoparticle memories to significantly decrease the
voltage needed to write/erase memory without compromising its retention characteristics. An important
problem for practical realization of non-volatile nanocrystal memory is the required technology. Several
techniques of nanocrystal formation have recently been developed based on chemical vapor deposition
(CVD) of Si nanocrystals onto oxidized Si substrates, ion implantation of Si or Ge into SiO2, annealing
of silicon-rich oxides, aerosol deposition, etc.

Two methods were applied in our work for nanocomposite SiO2(Si) films containing Si nanocrystals
(NCs) in dielectric SiO2 matrix: (i) plasma-enhanced chemical vapor deposition (PE CVD) and (ii)
pulse laser deposition (PLD). The C–V method was used to characterize the charging effects in the MIS
structure (capacitor), with nanocomposite SiO2(Si) film as an insulator.

The SiOx and SiO2(Si) nanocomposite films obtained by the plasma-enhanced chemical vapor deposi-
tion method (PE CVD) were investigated. The SiH4/N2O ratio of gases during deposition was the main
variable parameter, the others being power density of 0.11 W/cm2, substrate temperature of T=100◦C
and the HF signal’s frequency of of 13.56 MHz. After deposition, the thickness and refractive indices of
the SiOx film were measured and determined by the laser ellipsometry method (λ=632.8 nm). Subse-
quent thermal annealing of the films promotes their transformation from SiOx into SiO2(Si) with silicon
nanocrystals in the SiO2 dielectric matrix.

The PLD method allowed us to obtain nanocomposite SiO2(Si) with a mirror surface upon deposition
in a vacuum chamber with residual gas pressure of 10−3 Pa for size separation of Si particles. A YAG:Nd3+

laser beam (wavelength 1.06 µm, energy and duration of pulse 0.2 J and 8 ns, frequency of their reiteration
25 Hz), working in the modulated soundness, scanned the target. The velocity of film deposition remained
in the 2–20 nm/min range, while their thicknesses was 50–500 nm. Further from the axis of the erosion
torch the thickness of the film decreased. The films grown at large distances from the torch axis were
characterized by smaller dimensions of Si NC and their higher concentration. These regularities of
formation of SiOx films with Si NC structure are the result of their deposition from a backward, low-
energy flood of erosion torch particles.

Formation of MIS structures was completed by sputtering aluminum films on the frontal side through
the mask and the rearward surface. The Ohmic Al contact with the p-Si substrate was provided by
thermal or laser annealing.

The C–V characteristic measurements were made with an AMTs-1530 C meter at a testing signal
frequency of 1 MHz and voltage rate of 50 mV/s, in the −15 to +15 V range. The C–V characteristic
measurements began from the voltage corresponding to depletion or inversion of the surface semiconductor
layer (from positive gate voltages for p-type semiconductors and from negative gate voltages for n-type
semiconductors), to the voltages corresponding to accumulation and continued in the reverse direction.
The amplitude of the high- frequency signal was 20 mV. The charging effect was determined from C–V
characteristics’ shift at their measurements.

The typical C–V characteristics of structures under investigation are shown in Fig. 1. As a rule,
the counterclockwise hysteresis was observed. This type of hysteresis suggests positive charging, at-
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tributable to hole trapping from the substrate accumulation layer (p-type substrate) into the nanocrystals
of SiO2(Si) films.

Figure 1: Typical C–V characteristics of MIS structures with nanocomposite SiO2(Si) films: a) deposited
by the PLD method on Si, p-type, b) deposited by the PE CVD method on Si, n-type (inserted the
equivalent capacity circuit of the MIS structure).

Figure 2: Energy band diagram of an MIS structure with nanocomposite SiO2(Si) film and charge carrier
transport processes: 1 – electron injection from NCs, 2 – hole tunneling from the semiconductor, 3 -
electron injection from the metal electrode.

An important peculiarity of C–V characteristics is a decrease in capacitance under conditions of
semiconductor surface accumulation. Some MIS structures experience a significant decrease of C in the
accumulation region, an effect due to charging of Si nanocrystals under increasing gate voltage. In the
accumulation region, almost all voltage applied in the insulator decreases. In this case, the electric field
is high enough to promote hole or electron tunneling from the substrate/gate on Si NCs. It is possible
to represent the equivalent capacity circuit of an MIS structure as containing three capacities (see insert
in Fig. 1b): (i) the differential capacity of the semiconductor, CD, (ii) the capacity of insulator, Cox,
and (iii) the capacity of nanocrystals Cnc. Upon charge capture on NCs, Cnc decreases, an effect due
to reduced quantity of uncharged NCs, i.e. a decreased number of available electron states reacting on
small alternative signal at C–V measurements.

The value and sign of charge (∆Qd) captured in the insulator (SiO2 (Si)) of an MIS structure due
to the influence of electric field is determined from hysteresis of C–V characteristics at writing in two
directions from inversion to accumulation and vice versa.

The maximal value of electric field’s strength is reached in SiO2(Si) films under conditions of semi-
conductor surface accumulation. As a rule, a negative value of the flat band voltage shift (∆VFB) is
observed, evidence of effective positive charge being captured in Si NCs.

In the case of films prepared by the PLD method, the captured charge is greater for thinner SiO2(Si)
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films. As mentioned above, thinner films have smaller NCs. The greater charge captured for thinner films
is attributable to the higher density of Si NCs. The Coulomb blockade effect is known to be significant
for small NC (d<10 nm) and can inhibit charge capture, but in our case the influence of Si NCs density
is dominant. As expected, the values of ∆VFB and ∆Qd increase with the increase of maximal electric
fields.

Additional measurements were performed to clarify the sign and value of charge captured in nanocom-
posite SiO2 (Si) films and the charge carrier transport mechanism. The maximal value of negative voltage
was varied at fixed positive applied voltage and vice versa. The following results were obtained: (i) small
negative charge was captured in the nanocomposite SiO2 (Si) film under positive gate voltage, (ii) sig-
nificant capture of positive charge was observed under negative gate voltage, while (iii) the difference
between the positive and negative charge captured in both cases cannot be attributed to the reduction
of the positive gate voltage in the semiconductor’s depletion region.

On the basis of the obtained experimental results, a model of charge transport and capture in nanocom-
posite SiO2 (Si) films has been proposed (Fig. 2). The capture of small negative charge under positive gate
voltage appears to be a result of electron direct tunneling from the semiconductor’s depletion or inversion
layers. In the case of the negative gate bias, hole tunneling from the accumulation layer into the SiO2(Si)
film occurs. Direct tunneling is complicated by the high energy barrier for the hole (∼4.6 eV). A possible
mechanism for hole tunneling is resonance tunneling assisted by traps in the insulator’s forbidden band
(trap-assisted tunneling). In this case, theoretical calculations have shown the current of trap-assisted
tunneling to be higher than the direct tunneling current by the same order of magnitude. The existence
of traps localized in the forbidden SiO2 band of the SiO2 (Si) nanocomposite film is quite natural and
attributable to the film’s deposition conditions. Under greater negative gate bias, the influence of electron
injection from the metal electrode becomes noticeable.
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The Atomic Structure of a Silicon Nitride Thin Film on Si(111):

a Computer Simulation

E. Chernonog, R. Balabay

Department of Physics, Krivoy Rog State Pedagogical University,

Prospekt Gagarina 54, 50055 Krivoy Rog, Ukraine

Si/SiO2 and Si/Si3N4 systems are present in almost all devices of modern microelectronics, includ-
ing SONOS structures (Silicon-Oxide-Nitride-Oxide-Silicon). In order to increase volumes available for
saving information, the thicknesses of SONOS structures’ layers is reduced to nanoscale. The features
of technology producing such nanosized systems determine the nonstoichiometry of their chemical com-
position and the probability of Si, O or N precipitating generation into the dielectric phases. This leads
to changes in the conductivity type of layers. Nowadays, data storage based on conducted nanoclusters
(Si, Ge) in dielectrics is developed. Therefore, there is interest in research on the atomic structure and
chemical composition of Si/SiO2 and Si/Si3N4 interfaces with the thicknesses of layers of not more than
10 nm.

By means of computer modeling, we have created a model of an Si/Si3N4 system with free surfaces
and layer thickness of 18.72 Å and 14.555 Å, respectively, the inter-atomic interactions being described
by the Tersoff potential.

A real multi-atomic system was replaced with a limited cubic cell, with periodic boundary conditions
imposed on a cube face with a 38.4 Å side in the x direction and a 34.32 Å side in the y direction. This
choice of size depended first of all on the significant duration of relaxation time of large-volume systems.
The prototype system was filled with atoms in positions approximate to those of an ideal crystal and
contained 1920 atoms. The vacuum was simulated on a part of the Si and Si3N4 layers. Thus, a model
of a continuous interface with free surfaces was obtained and the Si/Si3N4 interface was investigated.
The equilibrium atomic configuration was determined using a Monte-Carlo procedure at the decrease of
temperature from 1000 K to 300 K: 1000 shifts of the atomic system were made for every 50 K. The
amplitude of shifts depended on temperature.

The following structural characteristics were used to analyze details of the atomic structure:

• Radial distribution functions,

• The energy of the atomic system,

• Three-body correlation functions,

• The value of bond-angle distributions,

• The arrangement of atoms in planes (100), (110) and (111),

• The spatial configuration of the atomic array, and

• The presence of Si precipitate as fractal clusters.
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Vacuum-deposited poly(o-methoxyaniline) thin film: its structure

and electronic properties

V. Cherpak1, P. Stakhira1, O. Aksimentyeva2, Z. Hotra1,3,

B. Tsizh4, D. Volynyuk1, I. Bordun1
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3Rzeszów University of Technology, W. Pola 2, 35-959 Rzeszów, Poland

4Kazimierz Wielki University, Chodkiewicza 30, 85-064 Bydgoszcz, Poland

Thin films of poly(o-methoxyaniline) (POMA) were formed by thermovacuum deposition in the 350–
450◦C temperature range, under pressure of 1×10−6 Torr. Structural properties of the vacuum-deposited
POMA films were investigated with Fourier transform infrared spectroscopy (FTIR). The obtained results
showed that the polymer was in its fully reduced state. Furthermore, FT–IR and UV–VIS spectra were
similar to those observed for the emeraldine form of polyaniline.

A sandwich-type ITO/POMA/A1 device was formed and its dark I–V characteristics were measured
in air at room temperature. Non-Ohmic rectifying behavior typical for metal/p-semiconductor interfaces
(the Schottky barrier) was indicated.

Electrical impedance measurements in the frequency range between 10 Hz and 1 MHz were made. For
low frequencies, the real part of conductivity σ(ω) was frequency-independent, while above the critical
angular frequency it was described by an equation of the form σ(ω)s. A nomadic polarization model of
quasi-one-dimensional solids was used to fit the experimental results.
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Influence of the Technological Conditions of the LPE Process

on the Morphology of Si ELO Layers
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Epitaxial lateral overgrowth (ELO) is a method of obtaining thin-film solar cells. It enables saving
the material used in their production making PV modules more economical. Moreover, an ELO layer is
partly separated from the growing substrate by SiO2 overlayer which prevents the propagation of defects
from the substrate into the ELO layer. This means that even silicon substrates of inferior quality can be
used to fabricate quality solar cells.
Growing a continuous thin silicon layer on a specially prepared silicon growth substrate is the first

step in obtaining photovoltaic (PV) modules. The morphology, quality and density of defects in this layer
depend on various factors: the temperature and time of growth, the cooling rate, atmosphere, etc.
This work presents an analysis of the growth of silicon ELO layers under various conditions in hor-

izontal and vertical LPE furnaces. The results can be used to determine the best growth conditions in
order to obtain optimal Si layers for PV applications.
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Application of Impedance Spectroscopy for Ferroelectric Thin

Film Characterization

D. Czekaj, A. Lisińska-Czekaj, J. Czuber, T. Orkisz

University of Silesia, Department of Materials Science,
Śnieżna 2, 41-200 Sosnowiec, Poland

The present paper is a presentation of results of a study of barium strontium titanate (Ba1−xSrxTiO3 –
BST) thin film capacitors fabricated by the spin-coating technique. Both pure and Mg-doped Ba0.6Sr0.4
TiO3 thin films were investigated. Morphological analysis using optical microscopy, scanning electron
microscopy and atomic force microscopy were performed. The crystalline structure of BST thin films was
examined through X-ray diffraction (XRD) analysis using a Philips PW 3710 X-ray diffractometer at
room temperature.
Impedance spectroscopy results of the ceramic samples’ AC response at room and elevated temper-

atures are given. The usual representation of impedance measurements (i.e. Z ′′ vs. Z ′) and alternative
representations have been used to interpret the impedance spectra of BST thin films in order to separate
the contributions of the bulk, grain boundary and electrode processes.
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Dynamical and Structural Properties

of Titanium-decorated Fullerene: a Computer Simulation Study

A. Dawid∗, A. Piątek, Z. Gburski

University of Silesia, Institute of Physics, Uniwersytecka 4, Katowice 40-007, Poland

Materials composed of titanium-decorated fullerene molecules are considered to be potential hydrogen-
storage media [1–3].We have investigated the TiH2 functionality group attached to double-bonded carbons
of a pair of fullerene hexagons (Fig. 1). The simulation (by the MD method) was carried out with an NPT
ensemble with periodic boundary conditions. We have chosen the Lennard-Jones potential as interaction
between separate sites. We studied the system in a wide range of energies, from the solid to the gaseous
state. The low energy, solid-state structure was determined. We calculated the Lindemann index (mean
intermolecular length fluctuation) and specific heat as a function of energy. The velocity auto-correlation
function and its Fourier transform of C60Ti6H12 molecule were also calculated, analyzed and discussed.

 

Figure 1: A TiH2-decorated fullerene molecule
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Dynamical Properties of Potassium Ion K+

Trapped in Fullerene C60 Cage: an MD simulation
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We have simulated a nanosystem composed of endohedral fullerene K+@C60 molecules, possibly ap-
plicable in micro-electronic devices [1]. The interaction has been taken to be the full site-site pair-wise
additive Lennard-Jones (LJ) potential, which generates both translational and anisotropic rotational mo-
tions of each endohedral fullerene molecule. We have used periodic boundary conditions with an NVT
ensemble. Our atomically detailed MD simulations allow us to analyze the dynamics of a potassium ion
inside a fullerene cage, as well as the motion of K+@C60 molecules. The physical quantities of the radial
distribution function, the mean square displacement, the translational velocity correlation functions and
their Fourier transforms, the librational frequency of K+ ion inside a C60 cage, etc. have been calculated
for several energies of the studied nanosystem.

 

Figure 1: A K+ ion trapped in a fullerene cage
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Properties of Endohedral Complexes of Low Molecular Weight

Systems Encapsulated in Carbon Nanotubes: an MD Study
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University of Silesia, Institute of Physics,

Uniwersytecka 4, 40-007 Katowice, Poland

The behavior of molecules confined in nanoscale pores is of great interest to biology, geology and
materials science. The importance of carbon nanotubes as a confining medium is due to their extreme
narrowness combined with considerable length, which brings about effects not observed in bulk sys-
tems [1–2].
We have used molecular dynamics simulation to study the properties of several low molecular weight

systems encapsulated in single-walled carbon nanotubes of various diameters and chiralities. We have
also assessed the influence of the encapsulated molecular systems on the phonon density of states of the
nanotubes.
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Effective Elastic Properties and Strong Ellipticity

for Two-dimensional Elastic Media
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Effective elastic properties are obtained for all two-dimensional elastic symmetries. In particular, the
effective Poisson’s ratio is calculated in two ways: (i) as a quotient of an effective stiffness constants, (ii) by
averaging an analytic expression for the Poisson’s ratio over all possible rotations of the coordinate system.
An analysis of the Poisson’s ratio in the stability region of a certain two-dimensional elastic medium of
high symmetry is presented and conditions under which the ratio reaches negative values (i.e. for auxetic
media) are given.
Necessary and sufficient conditions of strong ellipticity for some two-dimensional elastic media of

higher symmetries are also derived.
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Magnetic Films of Negative Poisson’s Ratio

in Rotating Magnetic Fields
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Wemodel the mechanical properties of a thin magnetic film subjected to an external, rotating magnetic
field with computer simulations. The film consists of a nonmagnetic polymer matrix with inclusions
of magnetic nanoparticles (nanograins) of uniaxial anisotropy. The time evolution of the nanograins’
magnetization is described by the Landau-Lifshits-Gilbert equation [1, 2, 3]. The Poisson’s ratio [4] of
the used matrix model is negative [5], i.e. the system expands laterally under a longitudinal stretching
force. The nonmagnetic matrix, represented with a simplified two-dimensional bead-spring model with
the beads interacting via the Lennard-Jones potential and connected by harmonic bonds, is simulated by
applying the leap frog algorithm [6] to the Nosé-Hoover thermostat technique [7, 8]. However, in contrast
to our earlier studies [9], magnetic nanoparticles do not form an anisotropic (e.g. square) lattice but
a hexagonal structure known to be elastically isotropic for small deformations [4].
We show explicitly that magnetic nanoparticles affect the mechanical response of the nonmagnetic

matrix. In particular, we have observed an interesting dynamical state of the nonmagnetic matrix when
the in-plane rotating magnetic field is followed by successive shrinking and expansion of the matrix below
a threshold value, ω0, of the field frequency. This magneto-elastic coupling can be used to control the
expansion/contraction of nonmagnetic matrices.
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Degradation of Nano-cutting Tools: an MD Simulation
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High-precision finishing of surfaces is a process of significant technological importance. Difficulties
caused by the small size of the system render its experimental analysis expensive and challenging. Since
the length scales involved in today’s technological processes are in the nanometer regime, it becomes
possible to perform atomic-level computer simulations bridging on the sizes achievable in a laboratory.
We present the results of molecular-dynamics simulations of repeated interactions of a realistically-

shaped cutting edge with a model, infinitely hard grain. The model edge is composed of several hundred
thousand of atoms of an fcc metal, treated with the Sutton-Chen potential, moving at a constant speed
of 20 m/s.
Plastic deformations appearing upon contact with the rigid obstacle are observed and described by

means of stress and temperature fields and the atomic slip vector. Preferable slip planes are identified
and the normal force experienced by the tool is investigated.
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Transport Measurements of Ferromagnetic-superconductor

Composite Bases on Open-pore YBa2Cu3O7−σ,

High-temperature Superconductors
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Very few studies have been carried out so far regarding the production methods and analysis of
YBa2Cu3O7−σ high-temperature superconductors with open pores. The presented work widens our knowl-
edge about this group of materials. Generally speaking, the physical properties of high-Tc superconductors
are highly dependent on their macroscopic structure: e.g. the critical current density, Jc, of thin films
exceeds by two orders of magnitude the Jc value calculated for bulks materials. The article presents
R(T ) characteristics measured for various external magnetic fields ranging from 0 T to 1 T and various
pore sizes.
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Methane Decomposition and Formation of Carbon Filaments

in the Presence of Nickel Catalysts
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Carbon-based materials have recently enjoyed great interest. Formation of carbon deposits on the
surface of catalysts has been perceived for long time as undesirable. The nature of carbon deposits
is related to the type of catalyst, its structural and surface properties, the type of metal, the size of
crystallites or metal-support interactions, as well as the experimental conditions, including temperature
and gas or liquid phase composition. Methane decomposition is a relatively cheap and simple method of
producing pure hydrogen, directly applicable in modern energy production systems. We have investigated
nickel catalysts obtained by various preparation methods and of various composition. In our recent work,
we have dealt with nickel alumina catalysts modified with magnesia.
The catalysts were obtained by the co-precipitation method. Their properties were studied by the

temperature-programmed reduction (TPR) and desorption (TPD) methods. Methane decomposition was
studied by the thermogravimetric, transient temperature programmed reaction method and pulse oxygen
adsorption using mass spectrometry. The nature of deposits formed under varying experimental con-
ditions was investigated by the temperature-programmed oxidation method (TPO) and high-resolution
transmission microscopy. It was found that the activity of catalysts was strongly related their composition
and the temperature of reaction. We observed changes in the structure of carbon filaments. An increase
of reaction temperature transformed the filled whiskers with axial carbon layers and metal crystallites on
top to tubes with few parallel carbon layers. Deactivation of catalysts was related to incomplete removal
of carbon species from the surface of nickel crystallites and formation of stable deposits covering the
crystallites.
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Lead-germanate, Bismuth-germanate and Bismuth-silicate

Glasses Modified with Potassium

J. Gackowska∗, M. Gazda, K. Trzebiatowski, B. Kusz

Department of Solid State Physics, Gdansk University of Technology,

Narutowicza 11/12, 80-952 Gdansk, Poland

The structure of lead-germanate, bismuth-germanate and bismuth-silicate glasses was modified with

potassium in order to improve their mechanical properties. Studies of the potassium modification’s influ-

ence on the glasses’ structure and electrical properties were performed with AFM, DSC and conductivity

measurements. It has been observed that the potassium modification improves the mechanical and tech-

nological properties of glasses, while at the same time slightly deteriorating their electrical properties.
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Granular Superconductors
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Granular superconductors are very interesting materials thanks to their untypical electrical properties
due to the presence of Coulomb effects, electron tunnelling, Josephson coupling of granules and various
aspects of disorder. This paper is a study of the electrical properties of (Bi,Pb)-Sr-Ca-Cu-O granular
superconductors obtained by the solid state crystallization method. The materials may be considered
as a system of granules of a high-temperature superconductor embedded in an insulating matrix. The
studied granules ranged from 10 nm to 40 nm in size. The materials, which contained granules in their
superconducting state below the transition temperature, had three types of temperature dependence
of resistivity. These composed of very small granules (10 nm) of the superconducting phase exhibited
hopping conductivity exponential dependence. In the samples containing relatively large granules of the
2212 phase (above 30 nm), the bulk superconducting state was achieved. The intermediate materials
were characterized by an unusual temperature dependence on resistivity, incompatible with the known
models of electronic transport in granular materials.
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Electronic Correlations in Fermionic Lattice Models
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We investigate two-site electronic correlations within a generalized Hubbard model as representative
of a broad class of fermionic lattice models. The considered model incorporates the conventional Hubbard
model (with hopping between nearest neighbors, t, and Coulomb repulsion/attraction, U , as parameters)
supplemented with inter-site Coulomb interactions (with parallel spins, J (1), and antiparallel spins, J (2),
as parameters) and the term responsible for the hopping of intra-site Cooper pairs (parameter V ), sim-
ilarly as in the Kulik-Pedan-Penson-Kolb (KPPK) model. As the first step, before moving to the real
lattice, we consider the exactly solvable dimer problem. We find the eigenvalues, Eα, and eigenvectors,
|Eα〉, of the dimer and represent each partial Hamiltonian, Eα|Eα〉〈Eα| (α = 1, 2, . . . , 16), in the sec-
ond quantization with Hubbard and spin operators. Thus, each energy level has its own Hamiltonian
(or partial Hamiltonian) ascribed, describing the various two-site interactions that can be active only
when this level is be occupied by electrons. A typical feature is the appearance of two generalized t–J
interactions ascribed to two different levels so that their coupling constants do not disappear even in the
case of U = J (1) = J (2) = V = 0 and are equal to ±t. In the large-U case, when J (1) = J (2) = V = 0,
there is only one t–J interaction with the coupling constant equal to 4t2/U , the same as in the case
of a real lattice. We demonstrate that the competition between magnetism (ferromagnetism and anti-
ferromagnetism) and superconductivity (intra-site and inter-site pairings) is a universal feature of all
fermionic lattice models, as it exists even when U = J (1) = J (2) = V = 0 but t 6= 0. We also demonstrate
that the same types of electronic interactions are additionally scattered between different energy levels
and, therefore, their thermodynamical activities are dependent on the occupation of these levels. This
feature qualitatively explains the origin of the model’s phase diagram. As the next step, we consider the
case of a real lattice which can be decomposed into a set of interacting dimers. We thus show that the
above-mentioned competition between magnetism and superconductivity appears automatically also in
this general case. This in turn creates a delicate problem of symmetry breaking discussed in the paper,
introducing the order parameters in four competitive channels: ferromagnetic, antiferromagnetic and two
different superconducting pairings). The resulting presented in this paper may be relevant not only in
solid state physics but for quantum dots and nanosystems.
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Organized Photoelectretic Films Based on Carbazole Polymers

A. P. Shpak1, Yu. A. Kunitskiy2, Yu. M. Barabash3, M. I. Rakitin4, D. A. Grynko4

1G. V. Kurdyumov Institute for Metal Physics, National Academy of Science of Ukraine,

Academican Vernadsky 36, Kyiv-142, 03680 Ukraine

2Technical Centre NAS of Ukraine, Pokrovskaya 13, 04070 Kiev, Ukraine

3Institute of Physics of National Academy of Sciences of Ukraine,

Prospekt Nauky 46, 03650 Kyiv, Ukraine

4Institute of Semiconductor Physics of National Academy of Sciences of Ukraine,
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The properties of carbazole-based polymer coatings as template media are discussed. Trapped and

localized carriers may produce electrets of strong electric field localized near the film’s surface. Thin films

of 300–800 nm thicknesses were deposited by solution spinning. Coatings and films of 10–500 nm thick-

nesses were deposited by polymerization in vacuum from the vapour phase. Coatings so obtained contain

carbazole groups of varying coordination depending on the deposition method. The films’ electretic state

was obtained with the electrophotography technique and was maintained for a few months. The density

of localized charge depends strongly on the film’s deposition method.
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Modeling Thin Si Layers’ Growth

on a Partially Masked Si Substrate
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This paper presents a numerical simulation model of epitaxial silicon layers laterally overgrown from

the Sn solvent’s liquid phase. A two-dimensional diffusion equation has been solved and concentration

profiles of Si in an Si-Sn rich solution during the growth process have been constructed. The epilayer’s

thickness and width were obtained from the concentration gradient at both ELO faces for various growth

parameters. An aspect ratio was calculated for these results.
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The Ageing Effect in Nanocrystalline TiC/C: an EPR Study
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M. Maryniak2, A. Biedunkiewicz3
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3Institute of Material Engineering, Szczecin University of Technology,

Al. Piastów 17, 70-310 Szczecin, Poland

A TiC/C nanocrystalline material, titanium carbide TiC dispersed in a carbon matrix, was prepared
in a non- hydrolytic sol-gel process. The temperature dependence of the material’s electron paramagnetic
resonance (EPR) spectra was studied in the 3.5–60 K range. Two asymmetric EPR lines was recorded
for a fresh sample at temperatures below 70 K, arising from Ti3+ complexes (Fig. 1a). One year later, an
additional EPR line appeared, while a narrow line attributed to conduction electrons vanished (Fig. 1b).
The existence of the paramagnetic centers connected with trivalent titanium ions was due to the disor-
dering processes, while the appearance of an additional line was attributable to the oxidation processes
which could form new trivalent titanium complexes. The disappearance of the narrow EPR line suggests
that the oxidation process (ageing effect) could influence the electrical properties of titanium carbide.

Figure 1a

Figure 1b

∗Corresponding author: ngouskos@phys.uoa.gr
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Magnetic properties of TiCx/C nanoparticles
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Two samples of the nanocrystalline titanium carbide (TiC/C) dispersed in a carbon matrix have
been prepared by the nonhydrolytic sol-gel process with different concentration. The magnetic properties
have been studied by dc magnetization and electron paramagnetic resonance (EPR) measurements. Both
samples exhibit a transition to the superconducting state below 3.5–3.7 K, identified by the low field
magnetization and the superconducting-like hysteresis loops. The superposition of a ferromagnetic-like
signal is further observed at both the paramagnetic and superconducting regimes, indicative of an addi-
tional magnetic phase. EPR measurements have shown the presence of trivalent titanium complexes. It
is suggested that the presence of non-stoichiometry may lead to the formation of various titanium(III)
complexes that influence both magnetic and transport properties.

∗Corresponding author: ngouskos@phys.uoa.gr
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ESR Study of the C60
.2ferrocene Crystalline Complex
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Single crystals of C60(Fe(C5H5)2)2 grown from a benzene solution of a stoichiometric mixture of
fullerene, C60, and ferrocene, Fe(C5H5)2, by slow evaporation of the solution at 300 K [1], are studied
by electron spin resonance (ESR) in the temperature range of 90–290 K. At room temperature, the
ESR spectrum of the complex consists of a very narrow resonance line at g = 2.0030(1), with line
width of ∆H = 1.2(2) Gs, superimposed on a broad resonance background of line width over 1 T
due to ferromagnetic particles. Both the resonance field (g-factor) and the ESR intensity of the narrow
resonance line display a marked temperature variation, attributable to the orientational ordering of the
C60 molecules.

50 100 150 200 250 300
3374.0

3374.2

3374.4

3374.6

3374.8

3375.0

3375.2

0.8

1.2

1.6

2.0

2.4

H
r (G

)

Temperature (K)

 Resonance field Hr I E
S

R
(T

)/I
E

S
R
(2
90

 K
) (

ar
b.

 u
ni

ts
) ESR Intensity

References

1. Soldatov A G, Goranov V A, Szpilevskyj E M, Tuna F, Safronova E G and Fedotova V V, Proc.
4th Int. Symp. “Fullerenes and fullerene-like structures”, June 20-23, 2006, Minsk, pp. 285–291.

∗Corresponding author: ngouskos@phys.uoa.gr

122



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, Poland P-29

Adaptation of Nanoporous Alumina Dielectric and Copper

Interconnections in Thin-film Temperature Microsensors
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Progress in electronic technologies and such advantages as small dimensions and weight and high
thermosensitivity have resulted in rapid development of a new type of sensors: film temperature sensors.
The main problem of manufacturing film temperature sensors is co-ordination of elastic properties of the
thermosensitive material with the protective insulating coating. This problem can be solved by using
nanoporous alumina as a material for protective insulating coating in film temperature sensors. An
important feature of nanoporous alumina is its low elastic modulus of about 90–140 GPa, with the value
of 340–380 GPa for non- porous alumina [1, 2]. This feature allows a reduction of mechanical stresses
arising in film structures during the heating and cooling cycle. Thus, the long-term stability of electric
characteristics of such film sensors is improved.

Electrochemical deposited copper has been used as a thermosensitive material in film sensors. Elec-
trochemical deposition of Cu enables high purity of films and so high reproducibility of measurements.
We have investigated the possibility of joint adaptation of the creation processes of nanoporous alumina
and thin-film copper interconnections. Included in this work are the results of studying the effect of
anodizing voltage and anodizing solution on the volume expansion of porous alumina formed in oxalic
acid. A micromechanical profiler with computer signal processing was used for these studies. A SEM
study of film structures and resistivity measurements were carried out as well.

The Cu lines in the studied film sensors were built in nanoporous alumina. The following processes
were used: vacuum deposition of 1.8 micron thick aluminum on an insulating substrate, formation of
nanoporous alumina by anodizing the aluminum, formation of trenches in the alumina using a local
etching and, finally, vacuum deposition of a Ta barrier layer and filling the trenches by electrochemical
deposition of Cu. The Ta layers have good adhesive properties on dielectric substrates and are often used
as barrier layers for Cu interconnective metallization [3].

Cu temperature sensors were manufactured over an area of 2×5 mm with electric resistance of 50 Ohm
and a protective dielectric based on nanoporous alumina. The film sensors’ electric characteristics were
studied in the temperature range from −60 to 160◦C.
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Small-signal Spectra of Complex Capacitance

Obtained at an Organic–Organic Heterojunction
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This presentation will be focused on electric properties of organic heterojunctions formed from ph-
thalocyanine and the perylene dye. The discussion will be based on experimental results of small-signal
spectra of complex capacitance (or impedance/admittance) and direct current curves. The analysis will
be enhanced by the effect of bias on small-signal capacitance spectra and additionally supported by the
effect of illumination. A direct relation between low frequency response and direct current curves will be
verified.
Systems with organic heterojunctions formed from phthalocyanine acting as the p-type material and

the perylene dye playing the role of the n-type material have been the subject of 20 years’ extensive
research due to their possible application in photovoltaic cells [1–3]. The issue of particular importance
for the progress in this field is description of the electric properties of such devices, since the theory
successfully applied to inorganic systems is often unable to describe those with organic materials.
Small-signal impedance/capacitance spectroscopy appears to be a method particularly well-suited

for this research since it can be applied directly to the organic device under polarization by external
voltage. It has been well established in investigations of inorganic systems, but seems not to have been
appreciated in investigations of organic devices. The most important question in the analysis of thin
organic systems is the difference between dielectric relaxation of the lattice itself, occurring throughout
the volume of organic materials, from dielectric effects resulting from interfacial processes or injected
charge carriers. An analysis of both parts of small-signal impedance/capacitance spectra obtained under
polarizing bias will indicate in which frequency region the barrier effect occurs and simultaneously provide
other information on the electrical properties of organic devices.
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The presented results concern a study of interdigitated back-contact solar cells’ (IBC SC) emitter
passivation by way of comparison of full- and point-contact solar cells and two types of passivation layers
(SiN and SiO2), as well as various values of the emitter sheet’s resistance. In comparison with full contacts
cells, fabrication of contacts in the form of points does not influence significantly the values of parameters
of the I–V characteristics of highly doped emitters; however, an improvement of Rsh is observed for a few
point contact solar cells. A similar effect has been observed for sheet emitters of greater resistance, as
well as strong degradation of the dark current after the last annealing of the cell. We have attributed this
effect to short-circuiting of an excessively thin emitter.
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Electrophysical Properties of Nanoscale NaBiTe2 Thin Films
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The structure, phase composition and electro-physical properties of nanoscale NaBiTei2 thin films ob-

tained by resistive evaporation from a Knudsen cell and condensation on glass substrates are investigated.

XRD analysis and current-voltage characteristics measured at room temperature are shown. Mechanisms

explaining the experimental time and temperature dependencies of electrical conductivity are discussed.

Results of numerical analysis of experimental data are included.
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Thin Film Parameter Modeling

by Spectra Envelope Functions
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The problem of reflection and transmission of an electromagnetic wave in a plane parallel layer is
considered to be classical and well-studied. Nevertheless, a number of new regularities in the scope of
the problem have been found recently. This paper explores new applications of Fabry-Perot spectroscopy
in nondestructive testing of monolayer structures’ parameters. Let us express light reflectance, R, and
transmittance, T , through their values in extremes (R, T ) max

min

as:
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r̃12,23 = σ12,23 exp(iφ12,23) are the Fresnel amplitude coefficients corresponding to 12 and 23 interfaces.
Here, transparent and optically uniform semi-infinite media with refraction indices n1,3are separated by
a plane parallel layer with thickness d and complex refraction index ñ2 = n2− iχ2.The difference between
envelope functions equals
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For a single-monolayer structure, parameters σ12, σ23 and Θ can be rewritten by coefficients (R, T )
max,min

as follows
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The 2π-periodicity of Fabry-Perot interference spectra in coordinate plane R, Reδ̃ allows us to express
the area restricted by the contour of a maximum less the area restricted by the envelope function of the
adjacent minima with the structural parameters as

S = 2

3π
∫

π

[R(θ)−Rmin]dθ , θ =
Reδ̃

2
.
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Superconducting Properties of NbN–SiO2 Disordered System

Obtained by Ammonolysis of Nb2O5–SiO2
Sol-Gel Derived Coatings
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Studies of superconducting properties of NbN–SiO2 films are reported. In order to obtain such films,
sol-gel derived Nb2O5–SiO2 coatings were nitrided at 1200

◦C. As suggested by X-ray diffraction (XRD)
and X-ray photoelectron spectroscopy (XPS), the nitridation process leads to the formation of disordered
structures, with NbN metallic grains dispersed in the insulating SiO2 matrix. The electrical resistivity was
measured with the conventional four-terminal method in the temperature range from 5 to 280 K. All the
samples exhibited negative temperature coefficients of resistivity. The samples’ superconducting proper-
ties were examined with magnetically modulated microwave absorption (MMMA). The superconducting
transition depended on the NbN/SiO2 molar ratio as well as on the film’s thickness.
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Sol-gel derived xNb2O5–(100−x)SiO2 films (where x = 100, 80, 60, 50, 40, 20, 0 mol%) were nitrided
at various temperatures: 800, 900, 1000, 1100 and 1200◦C. As a result of ammonolysis, structural transfor-
mations occurred in the films. These transformations were studied using X-ray diffraction (XRD), atomic
force microscopy (AFM) and X-ray photoelectron spectroscopy (XPS). The XRD results have shown that
temperatures below 1100◦C are too low to obtain a pure NbN phase in the samples. The AFM observa-
tions indicate that the formation of an NbN phase and the size of NbN grains are related to the silica
content in the layer. NbN grains become more regular and larger with increasing niobium content. The
maximum grain size, about 100 nm, was observed for x = 100. Preparation of Nb2O5–SiO2 sol-gel derived
layers and the subsequent nitridation is a promising method of controlling the amount of crystalline NbN
in amorphous matrices. It follows from our XPS results that a small amount of Nb2O5 persists in the
films after nitridation at 1200◦C and nitrogen reacts not only with Nb2O5 but also with SiO2.
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Phase transitions in molecular system play an important role both in fundamental researches and
practical applications. Computer simulations allow one for precise locations of the transitions and provide
effective methods for investigating their underlying mechanisms.
To locate a phase transition between any two phases it is sufficient to know the exact values of their

free energies. For over twenty year, very simple [1, 2], but precise [3] method of determining the free
energy of model solid has been used. In simulations, however, only finite-size systems are dealt with for
obvious reasons. Thus, in order to estimate the free energy in the thermodynamical limit precisely, its
asymptotic dependence on the number of particles N in the sample has to be known. Hoover [4] pointed
out that for harmonic systems the leading term has the form − lnN/N . Recently, it was shown that
also in an extremely anharmonic system – hard spheres – N -dependence has the same character [5].
The question arises, whether that result, obtained for an ‘atomic’ system, can be extended to molecular
systems. To answer the question, we numerically investigated the free energy and its N -dependence of one
of the simplest molecular models – an extremely anharmonic system of hard dimers in three dimensions.
The choice of the system requires a comment. The hard dimer, which consist of two adjacent hard

spheres (each of the diameter σ), separated by the distanceD = σ, constitutes a crude model of a diatomic
molecule and the simplest non-convex body as well. It is also worth adding that it was used to model
molecular solids [6] and as a starting point in studies of polymers [7, 8, 9]. One of the most unusual
features of the hard dimer system and one of main reasons of our interest in the system is, however,
its solid phase. Namely, in the whole range of the densities where the solid phase is thermodynamically
stable, it is aperiodic, both in two [10, 11, 12, 13] and three dimensions [14]. In that phase, which has
been coined a degenerate crystal [12], while ‘atoms’ of the dimers form (at close packing) the fcc lattice,
the molecular centres of mass and orientations are not periodic.
In the present work we determine accurately the free energy of the degenerate crystalline phase of the

dimers and compare it to values obtained for some (metastable) crystalline structures of the dimers.
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of the National Academy of Sciences of Ukraine, Kharkov, Ukraine

Clathrate hydrates are open polymorphous crystal structures related to ordinary ice. They are formed
by introducing one kind of molecules (“guests”) into the cavities of a crystal frame consisting of an-
other kind of molecules (“hosts”). The “guest” particles can be atoms of inert gases or small molecules
(e.g. methane, tetrahydrofuran). Under natural conditions clathrate hydrates were discovered as clathrate
hydrates of methane forming vast deposits at the oceans’ bottom and in the Earth’s interior or as hydro-
carbon clathrates plugging the insides of gas and oil pipelines in the Arctic latitudes.

Most of the thermodynamic and dynamic properties of gas clathrate hydrates are similar to the
properties of ice Ih crystal. However, the very low thermal conductivity of clathrate hydrates decreases
with temperature and the κ(T ) curve has a plateau in the temperature interval in which this occurs in
glasses. The understanding of the causes responsible for the glass-like behavior in gas hydrates will be
helpful in finding a microscopic mechanism of thermal transport in disordered solids.

The thermal conductivity of the methane [1], tetrahydrofuran (THF) [2] and xenon [3] hydrates was
measured using the steady-state technique in a wide temperature interval (2–170 K). The thermal con-
ductivity of these hydrates was typically observed for disordered substances. Three different qualitative
models were used to explain the thermal conductivity’s glass-like behavior: large unit cells leading to
a limited phonon mean free path. Proton disorder of the host lattice or a coupling between the guest and
host vibrations in the low frequency region, in turn leading to effective phonon scattering.

The thermal conductivity of the xenon hydrate in the interval from 50 to 100 K shows an anomaly,
where the thermal conductivity increases by almost 50% with decreasing temperature. A similar behavior
of κ(T ) was found in the THF hydrate prepared through slow cooling or with a KOH impurity. These
anomalies of the thermal conductivity are explicable qualitatively on the basis of two approaches: resonant
scattering or the proton-order processes in the clathrate hydrates’ lattice.

The results are discussed in the context of theoretical calculations and phenomenological models of
phonon scattering by local modes.
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Patterned Test Samples

for Scanning Near-Field Optical Microscopes

Prepared by Electron Beam Lithography
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8 Kengaraga st., LV-1063 Riga, Latvia

2Solid State Physics Laboratory, ETH Zürich,
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We propose a new approach to fabrication of submicron scale test structures for calibration of Scanning
Near-Field Optical Microscopes (SNOM) operating in the luminescence or Raman modes. For this
purpose, samples of ZnWO4 thin films on a Si/SiO2 substrate were prepared by magnetron sputtering
and coated with Al through a PMMA mask patterned by the electron lithography (EBL) technique,
achieving submicron patterns with high accuracy. Al structures were used to screen areas of the ZnWO4

layer, thus enabling mapping the samples in terms of its luminescence with high contrast.
ZnWO4 was chosen because of its stability and identifiability by its luminescence and Raman spec-

tra. The optical properties of ZnWO4 were studied using the scanning confocal Raman microscopy and
photoluminescence spectroscopy techniques.
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Composition of Ge+ and Si+ Implanted SiO2/Si Layers:

the Role of Oxides in Nanocluster Formation

H. Krzyżanowska1, H. Bubert2, J. Żuk1
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Group IV semiconductor nanoclusters embedded in SiO2 matrices are artificially engineered materials
which have recently received attention because of their potential for developing integrated optoelectronic
devices directly on silicon substrates. SiO2 is a very important optical material fully compatible with the
existing Si technological base.
Samples were prepared by means of Ge+ and Si+ ion implantation into thermally-grown, 500 nm thick

SiO2 layers on an Si substrate. The implanted structures were subsequently annealed in the temperature
range from 500 to 1200◦C in dry nitrogen.
X-ray photoelectron spectroscopy (XPS) was used to examine the atomic content of the implanted

SiO2/Si layer. Atomic concentration/depth profiles could be obtained with a combination of the XPS
technique and the noble gas-induced sputtering process. In particular, XPS analysis allowed us to identify
elemental Ge and Si, as well as GeO2 precipitations in the SiO2 matrices.
With respect to the germanium-implanted samples, the presence of a subsurface GeOx zone (about

100 nm thick) predicted in kinetic 3-dimensional lattice simulations has been confirmed. The composi-
tion of the modified SiO2 layer depended strongly on the annealing temperature. The possibility of Ge
nanocrystal formation appeared at high annealing temperatures (above 1000◦C), but the intermediate
step of Ge oxide formation seems to have been necessary for the creation of Ge nanoclusters.
In the case of Si+ implanted samples, non-stoichiometric silicon oxide lines have been noticed in the

XPS spectra of the SiO2 layer. No evidence of a line connected to Si–Si bonding has been observed. This
suggests that Si–O bonds are more energetically preferential than the Si–Si ones. Thus, the formation of
silicon nanocrystals in a SiO2 matrix remains a challenge.
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Hydrogen and Oxygen Concentration Analysis of Porous Silicon
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Porous silicon (PSi) has attracted growing interest for the last two decades because of its important
potential applications. The knowledge of atomic composition of porous Si layers is essential for construct-
ing such devices as gas sensors and biomedical implants. Concentration depth profiles of atoms in PSi
layers depend both on experimental conditions of porous samples’ preparation (the type and orientation
of Si wafers, the etching solution, current density, anodization time) and on the time of exposition to air
after their electrochemical processing.
This work is a systematic study of low- and medium-porosity PSi samples aged in air for over one

year. This range of porosities (25–66%) has not been studied before by reason of technological difficulty
of preparing this kind of samples. PSi supported layers were obtained on p+-type, (111)-oriented Si
substrates.
In particular, hydrogen and oxygen concentration depth profiles are the most interesting. Hydrogen

is incorporated into the pores’ walls during electrochemical etching. This phenomenon plays an essential
role in PSi formation, especially for highly-doped p+-type Si substrates. Oxygen is bonded on enormous
inner surfaces of PSi by the natural oxidation process when samples are exposed to air.
The contents of hydrogen in near-surface layers was determined by the elastic recoil detection (ERD)

method with a 2.3 MeV 4He ion beam. Very precise oxygen depth distribution was obtained using nuclear
reaction 16O(α, α)16O with the narrow, 10 keV-wide resonance line for a 3.045 MeV 4He ion. Changing
the energy of the 4He ion from 3.045 to 3.200 MeV (with a step of 10 keV) enables scanning oxygen
concentration across the depth of about 100 nm. At the energy of 3.045 MeV, resonance occurs on the
sample’s surface and, with increasing energy of α particles, we can observe a resonance line in deeper
layers. In this way it is possible to determine the amount of oxygen in a thin layer with high precision. The
maximum of H content in PSi has been observed at the depth of 200–600 nm, while the highest oxygen
concentration is typical for 200 nm-thick subsurface layers. The highest obtained ratio of H/Si atomic
concentrations has reached the value of 2 for PSi samples of 66% porosity, compared with NH/NSi = 0.27
in the case of the 25% PSi.
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Coherent Fourier Analysis in Diagnostics of Amorphous

and Nanocrystalline Materials

Yu. A. Kunitskiy, M. Yu. Barabash, Ya. A. Nechitaylo, V. Dementjev

Technical Centre NAS of Ukraine, Pokrovskaya 13, 04070 Kiev, Ukraine

The coherent Fourier technique is quite effective in analysis of electronic-microscopic and optical
pictures. Optical Fourier analysis has been demonstrated to be a synthesis of diffraction and microscopic
techniques. According to this approach, material structure is identified with the first transfer function
of a data processing system with the help of which the sample’s structural parameters are expressed as
a two-dimensional distribution, f(x, y), of nigrescence on photographic film or plate. The transfer function
is adjustable through varying enlargement with a transparent electronic microscope (TEM) in a light or
dark field, through scanning or optical microscopes. Optical Fourier spectroscopy is maximally efficient
when the information on the sample’s structure to be processed is contained in the photographic object,
conditions of its obtaining being determined by individual research objectives. It would be appropriate
to study the structure of amorphous and micro-crystal films on the basis of analysis of optical Fourier
spectrums of electronic-microscopic patterns in order to:

1. study the geometric parameters of discretization of Fraunhofer’s diffraction patterns (FDP) for
the purpose of determining statistical structural parameters of samples and establishing general
structural parameters typical for non-crystal materials, material characteristics of particular sub-
stances, as well as a range of structural parameter fluctuations depending on techniques and modes
of obtaining and processing the materials and substances, their chemical composition and external
conditions (temperature, pressure, radiation, etc.),

2. develop accurate analytical models and patterns for planar environments to describe the FDP
structure quantitatively and develop an analytical procedure for model Fourier spectrum excitations
corresponding to real structural parameters and

3. establish correlations between structural parameters at various levels and the physico-chemical prop-
erties of materials to enable forecasting such properties and synthesis of materials and substances
of desirable properties.
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Self-organizing Processes in Ion-plasma

Condensed Nanomaterials
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2Technical University “Kharkov Polytechnical Institute”, Frunze 21, Kharkov, 61002 Ukraine
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Super-rapid quenching characteristic for condensation from high-energy ion-plasma fluxes is an effec-
tive way of structure milling and obtaining materials with cluster- and nano-structures. This is promoted
by the development of high strains peculiar to the formation process of condensed materials under ion
bombardment.
All peculiarities of the surface state are revealed at sizes characteristic for the nano-structural range

from 1 to 50 nm, as the meaning of volume is practically lost there (i.e. the fractal dimensionality of
such structures becomes less than 3). This causes the appearance of non-linear processes defining the
bifurcation nature of size effects that follows by changing the properties of condensed materials. At the
foundations of the formation process of such structures lies the phenomenon of self-organization in crystals
with non-equilibrium imperfections (radiation defects).
Ordering processes under radiation of particles bombarding the growing coating may be divided into

two levels: (i) subsurface (including the surface), where thermally and radiation stimulated ordering oc-
curs at the energy of incident particles of less than 1 keV, and (ii) volume ordering, involving interaction
ofhighly energetic implanted atoms or ions. Considering the efficiency of influence on the ordering pro-
cesses, the former is more favorable due to the presence of weakened bonds and an amount of gaseous
impurity atoms in the subsurface layers, stimulating the formation of small, relatively low-bonded struc-
tural forms.
The coatings obtained through condensation from ion-plasma fluxes (magnetron and triode schemes of

sputtering) with energy of the film forming particles characteristic for the first level, have shown a strong
tendency towards self-organization of the structure under the action of locally concentrated energy. In
this case, the two leading mechanisms are high energetic crystallite boundaries (due to a large amount of
broken bonds) and strain energy, especially in coatings with high adhesive bonding with the substrate.
The high level of free energy in condensate grain boundaries (including electronic non-uniformity due to
impurity atoms being forced out of the volume) results in the emergence of a spatially ordered cell-shaped
structure (nearly regular six-angular shape) under volume strains. In the case of compressive strains in
the self-organizing coating and relatively weak adhesion to the substrate, this factor results in material
volume squeeze out and formation of a 3D ordered structure.
Theoretical models describing such processes are proposed, based on consideration of several stages of

transformation in non-equilibrium systems and in general conformity with the current ideas of synergetic.
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Diagnostics of Nanomaterials
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The theoretical fundamentals of fractal structure diagnostics are reviewed. Possible applications of

this diagnostic method in investigations of various nanosystems, including composite multi-level fractal

aggregates, are considered. Current knowledge of fractal aggregation phenomena and fractal development

in various nanosystems is presented. Possible investigation methods for nanostructural materials used in

high technologies are analyzed, with a focus on the small-angle scattering technique. Physical properties

of the following fractal substances are considered: nanopowders, sol-gel nanocomposites, silica gel, aerogel,

polymeric solutions, gels and composites, colloids, microporous materials, inorganic and organic-inorganic

nanocomposites.

The use of coherent Fourier analysis in processing electron microscopy images of amorphous and

nanocrystalline structures can be successful enough and yield quantitative estimates of their structural

heterogeneity as well as spatial distribution of nanoparticles and nanoparticles’ size, so that the anisotropy

of their shape can be investigated in dependence on their composition, forming conditions and heat

treatment conditions. Information concerning an object’s statistical parameters can obtained using the

synthesized Fraunhofer diffraction patterns, plots of isofrequency curves and model structures. Improved,

coherent Fourier spectroscopy is informative enough for studying the mechanisms and kinetics of relax-

ation as well as crystallization of amorphous alloys.
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Thermal synthesis of CdTe films from elementary components

V. Kusnezh∗, G. Ilchuk, V. Ukrainets, R. Petrus’, A. Danylov

Department of Physics, National University “Lvivs’ka Politekhnika”,

12 S. Bandera Street, Lviv, 79013, Ukraine

The possibilities of synthesizing cadmium telluride (CdTe) semiconductor films by annealing thermally
deposited films of metallic cadmium (Cd) with thickness d≈1 µm on glass substrates (75×2×2 mm) and
in tellurium (Te) vapor have been studied. The experiment in annealing- tellurization (tellurium transfer
at a plate with cadmium and the expected synthesis of CdTe) was preceded by theoretical analysis of
partial pressures of Te vapor above Tesol, cadmium above Cdsol, Te above CdTesol and Cd above CdTesol

for the case of congruent sublimation and by the proper choice of thermal conditions of annealing. The
annealing-tellurization process (τ = 6 h) was conducted in a vacuum, sealed quartz ampoule in a two-zone
furnace, in which the plate with Cd (zone of deposition, t2 = 255◦C) and the Te source (t1 = 307◦C)
were positioned. The resulting film changed its color from silvery, characteristic for a cadmium, to dark
brown and had slightly uneven distribution of optical density.

With the use of the SEM-102-02 scanning electronic microscope (Selmi, Ukraine, U = 20 kV, mag-
nification 2000 times) the surface morphology of the original Cd films and films in vapor of tellurium
was explored in the secondary electron beam and their qualitative and quantitative composition was
determined (within the accuracy of up to 5 wt%) from the spectra of characteristic X-ray radiation
(1 × 1 × 1 µm excitation volume). The image analysis of the original Cd film showed it to consist of
disordered elongated Cd granules of average size 5× 20 µm. The analysis of characteristic spectra of the
original sample Cd-glass showed no impurity elements in the cadmium layer within the device’s precision
range.

An attempt to study the surface of the Cd tellurization film by means of secondary electrons was
unsuccessful, possibly due to its electrization and substantial growth of resistance. The characteristic
spectrum analysis of the tellurization film confirmed the change in its chemical composition in compar-
ison with the original Cd film. Apart from Te (23.51 wt%) and cadmium (12.94 wt%), there were Si
(44.07 wt%) and Na (19.49 wt%) lines in the spectrum, the basic elements of a glass substrate. This
is evidence of a considerable reduction in film thickness, due to the partial evaporation of Cd in the
process of tellurization and penetration of the electron beam into the glass. In order to identify the CdTe
compound in the tellurization film, the spectral distribution of its optical transmission was investigated.
In the spectrum of transmission, the region of fundamental absorption was observed with an edge of
1.44 eV, coinciding with the band gap width data for monocrystalline CdTe.

Thus, physical and chemical grounds for the new technology of CdTe film fabrication have been
established (the tellurization method).
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Balance of Thermodynamic Restrictions as Basis

for Production of Multicomponent Nanoheterosystems

V. V. Kuznetsov∗, E. A. Kognovitskaya

St. Petersburg Electrotechnical University “LETI”,

Prof. Popov str., 5, St. Petersburg, 197376, Russia

Obtaining nanoheterostructures of multicomponent solid solutions from the liquid phase is based
on preliminary analysis of the technological possibilities. One of the primary factors defining these
possibilities are thermodynamical restrictions. First of all, these restrictions are connected with the
existence of a large miscibility gap in multicomponent antimonides, determined by the internal strains at
growing temperatures. Another very important factor is the so-called fusibility restriction. The essence
of this restriction is that, at any temperature above the melting point of the most fusible component of
the solid solution, there is such a solid phase composition range for which the equilibrium liquid phase
cannot be found.

It is also necessary to take into account the substrate generated external elastic strains induced at the
heterointerface in the case of lattice mismatch (∆a), well known [1] to play a very important stabilizing
role in the nanoheterosystem. Therefore, the mutual effect of the fusibility restriction and thermodynamic
instability decreases the composition areas of solid solutions of multicomponent A3B5 antimonides that
can be fabricated by LPE.

Notably, the elastic strains also influence the fusibility restriction area. Here, the role of elastic strains
depends on the sing of the heteropair lattice mismatch (f). An analysis of the calculation results of liquid
isotherms (carried out for the GaxIn1−xPyAszSb1−y−z/InAs system at T = 773 K) has shown that the
area of the fusibility restriction decreases when f < 0 and increases when f > 0.

At the same time, elastic strains can be taken into account through the stabilization factor, q.
The elastic contribution to the total energy balance shifts the phase equilibrium and, hence, modifies
the composition of the solid solution. Calculations of the stabilization factor have been carried out
for AlxGayIn1−x−yPzAs1−z solid solutions lattice-matched to GaAs and for GaxIn1−xPyAszSb1−y−z

matched to GaSb and InAs. An analysis of the obtained results has shown that the stabilization factor
is negative in the area of thermodynamic instability. This is due to the variation in the curvature of the
composition dependence of the solid solution’s free energy leading to a change of the ∆a sign.

In conclusion, LPE growth parameters for multicomponent A3B5 nanoheterostructures are defined by
mutual dependencies of thermodynamic restrictions.
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Their wide band-gap (≈ 5–6 eV), high refractive index, good transparency up to vacuum ultraviolet,
good mechanical properties and low phonon energies make zirconia and hafnia increasingly popular hosts
for doping with rare earth (RE) ions. Although successful RE-activation of matrices has been reported
by several authors [1, 2, 3], the nature of RE optical centers and the host sensitization mechanism is yet
to be fully understood. A possible reason might be that preparation of high-quality crystalline samples
is complicated by the size mismatch between RE ions and those of the host metal. A sol-gel method is
usually employed. The charge mismatch is also responsible for the sophisticated nature of RE optical
centers due to charge compensation effects.

The aim of the present work was to perform laser spectroscopic investigations (within the 5–300 K
range) of Sm-activated ZrO2 material prepared by directional solidification of melt [4]. It was focused
on elucidating the host-quest energy transfer process at various photo-excitation energies and identifying
the possible contribution of various lattice defects. An annealing treatment was performed to control
the presence of defects, the nanocrystallite size, the stabilization of the monoclinic and tetragonal phases
(monitored via micro-Raman spectra) and the luminescence efficiency.

A tunable OPO laser was used at various emission wavelengths (210, 230, 320 and 405 nm) in order
to achieve both direct and indirect photo-excitation of Sm ions. The photoluminescence (PL) emission
characteristic for Sm ions in trivalent charge state was found. The highest relative emission efficiency
was recorded while exciting the sample with a wavelength of 230 nm. The decay curves of Sm3+ emission
were typically long-lasting (several ms) and non-exponential in nature, whereas under direct excitation
of ions almost single-exponential decay of the PL emission was observed (τ ≈ 1 ms). In order to clarify
further the ions’ excitation path, time-resolved spectroscopy was used to record the PL spectra in various
stages of decay. No evidence of intrinsic host lattice emission usually found in high-quality crystalline
and nano-crystalline zirconia was found under band-to-band excitation [5]. This was most likely due to
high dopant concentration (4 mol%) which introduced substantial structural changes (defects) in the host
and thus prevented the formation of self-trapped excitons in the material.

The obtained results were compared with samples prepared by atomic layer deposition (ALD) followed
by ion implantation [3]. Due to the relatively good emission properties, the materials’ potential for
applications in luminescence, scintillating and gas-sensing will be evaluated.
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Electronic Transport Properties
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The electrical conductivity, σ, and thermoelectric power, S, of six newly synthesized high-resistivity
organic salts, N-(p-R-phenacyl)-1,7-phenanthrolinium bromides (T compounds, Scheme 1), have been
investigated as a function of temperature.

Thin film samples (0.11 ≤ d ≤ 2.21 µm) deposited from ethanol solutions onto glass were used (an
immersion technique).

It was established that samples of stable structure and reproducible electronic transport properties
could be obtained if the films were submitted, after deposition, to heat treatment within the temperature
range from 297 up to 513 K.

A structural investigation of the organic samples was performed with XRD, while their surface mor-
phology was examined by the AFM technique, corroborated by optical microscopy.

The studied organic salts behaved like typical n-type polycrystalline semiconductors. Their activation
energy of electrical conduction, Ea, remained in the 1.58–1.82 eV range, while the ratio of charge carrier
mobilities, b, ranged from 1.09 to 1.25.

Correlations between the semiconducting parameters (activation energy of electrical conduction, ratio
of carrier mobilities, etc.) and the compounds’ molecular structure have been discussed using limit
structures and taking +E into account, as well as the −I and +I effects of the substituents. Electronic
transport in actual organic compounds is strongly influenced by both their capacity to enable extended
conjugation systems and the packing capability of the respective monomolecular layers, allowing planar
configurations. The nature and position of the substituents within a molecule play an important role in
the electrical conduction mechanism, since they affect significantly the extent of the π conjugation and,
hence, the values of activation energy.

In the higher temperature range (360–513 K), the model based on band gap representation is suitable
for explanation of electronic transfer in the investigated compounds, while Mott’s variable-range hopping
(VRH) conduction model may be conveniently used for lower temperatures.

The investigated compounds are also promising for thermistor applications.
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Unlike bulk, nanosized particles often display many unusual properties, strongly dependent on their
size, shape and surface configuration. Research in this area is mainly motivated by the possibility of
designing nanostructured materials that possess novel electronic, optical, magnetic, photochemical and
catalytic properties. Extensive studies have been performed for Ag and Au nanoscaled particles because
of their attractive optical properties [1].
Many preparation methods regarding matrices containing nanoparticles of metals and procedures for

metal nanostructures can be found in literature. In our work, we used such reduction agents as UV
radiation [2], KBH4 [3] and CANa3 [4] to obtain nanostructures of noble metals.
The aim of the present work has been to present the influence of Ag and Au nanoparticles on the

luminescence of Tb(III) ions incorporated in an SiO2 matrix. We have observed the enhancement of
Tb(III) emission in the presence of Ag nanostructures owing to the surface plasmon resonance (SPR)
effect for materials prepared by the sol-gel method. General luminescence quenching occurs in the same
matrix with Tb3+ ions in the presence of Au nanoparticles.
In order to remove O–H oscillators’ quenching luminescence of Tb(III), the samples consisting of metal

nanoparticles and Tb(III) ions entrapped in SiO2 matrix were thermally treated. A variety of reduction
techniques, material preparation procedures (one-pot or impregnation) and matrix modifications produce
very interesting luminescent materials.
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A very promising approach to creating novel high-performance materials is to combine different phys-
ical properties in one material in order to achieve rich functionality. Therefore, multiferroics – materials
which are simultaneously (ferro)magnetic and ferroelectric, often also ferroelastic or ferrotoroidic – attract
considerable attention nowadays, both due to the interesting physics involved and to their potentially im-
portant practical applications in spintronics, information storage devices such as multi-state non-volatile
memories, sensors, phase shifters, amplitude modulators and optical wave devices. Recently, multiferroism
has been observed in several perovskite-type materials, incl. BiFeO3, YMnO3, BiMnO3.
The present study describes our attempts to synthesize bismuth ferrite (BiFeO3), a high-performance

ceramic material, and characterize its multiferroic properties. Thermogravimetry, differential thermal
analysis and X-ray diffractometry was utilized to characterize the process of BiFeO3 synthesis from
simple oxide powders, Bi2O3 and Fe2O3. The mixed oxide method followed by hot-pressing sintering was
utilized to fabricate ceramic samples. Impedance spectroscopy results of their AC response are presented
and studies of their magnetic properties are reported. Both dielectric and magnetic investigations were
carried out at temperatures up to 600◦C.
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Structural transformations in thin films of the GaSb-Ge system
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Films of the GaSb–Ge system of thickness near 500 Å were prepared using the flash vacuum evap-
oration method. Ceramic, glass and spalling NaCl monocrystals served as substrates. The structure,
substructure, concentration areas of metastable solid solutions and an amorphous state, as well as the
kinetics of structural transformations depending on the technological conditions of evaporation of thin
films of the GaSb–Ge system were studied by the electronography and transmission electron microscopy
methods. The GaSb–Ge system’s equilibrium in the massive state is represented by a diagram of the
eutectic type, while the mutual solubility of components of the molar composition does not exceed 1%.
The composition of films is more conveniently represented using the (GaSb)1−x(Ge2)x formula because,
in the investigated system, solid thin-film solutions are formed by substitution.

The temperature of a substrate maintained during a film precipitation process has a dominant effect
on the structural formation of the examined films. Films of all the examined compositions, precipitated
on substrates at room temperature, were amorphous. Threefold GaSb coordination in the distribution of
proximate atoms was observed in amorphous films. At Ge2 concentrations of about 20%, a transfer from
threefold to tetrahedral coordination was observed. Amorphous films crystallized in heat, but no phases
of a solid solution were observed. The initial crystallization phases were GaSb crystal grains. The growth
of crystallite sizes of GaSb took place with increasing temperature. The speed of continuous heating has
an essential influence on the density and size of GaSb crystallites formed in the amorphous semiconductor
matrix based on Ge.

Non-uniform amorphous films formed with increasing substrate temperature. Areas of initial ordering
on a GaSb basis were observed. With further increase of substrate temperature, polycrystalline films of
a metastable solid solution of the substitution formed on the isotropic substrates, while textured and
epitaxial films formed on spalling NaCl monocrystals. In the case of epitaxial films, a weak modulation
of a composition detected with transmission electron microscopy was observed. Disorder of solid solutions
was observed on GaSb and Ge phases at temperatures in excess of 700.
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Luminescence Kinetics in Silica Gel

Doped with Tb3+ Ions and ZnS:Mn2+ Nanocrystals
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We present the results of photoluminescence, luminescence kinetics and time-resolved spectroscopy
of SiO2 doped with Tb

3+, SiO2 doped with ZnS:Mn
2+ nanocrystals (quantum dots), and SiO2 doped

with ZnS:Mn2+ and additionally co-doped with Tb3+. The materials were excited with a YAG:Nd pulse
laser and an OPO system, which gave 30 ps pulse excitation in the 210–400 nm spectral range. The
luminescence was detected by a streak camera. The purpose of this research was an analysis of the
kinetics of Tb3+ and Mn2+ intra-shell luminescence and elucidation of energy transfer processes between
the ZnS nanocrystals, Mn2+ ions and Tb3+ ions.
The luminescence of pure SiO2 under 335 nm excitation consists of a broad band emission peaked at

450 nm decaying non-exponentially with an average decay time of the order of 2 ns. This luminescence
has been attributed to the intrinsic emission of SiO2.
The luminescence of the SiO2 gel doped with ZnS:Mn

2+ consists of two emission bands. One of them
is a fast decaying band peaked at 430 nm, a combination of the intrinsic SiO2 emission, decaying within
2 ns, and additional luminescence related to ZnS:Mn2+, decaying slightly faster. The other, a slow decay
band, is peaked at 600 nm and is related to the 4T1 →

6A1 intra-shell transition of Mn
2+ ions replacing

Zn2+ ions in ZnS quantum dots. The decay time of this emission is approximately equal to 1.9 ms. It
should be mentioned that the emission decay monitored at 600 nm also has a slow decay component.
This fast component may be related to the tail of the fast decaying broad emission peaked at 430-450 nm,
which extends spectrally below 600 nm.
In the case of SiO2 containing ZnS:Mn

2+ nanocrystals additionally doped with Tb3+, no emission
related to Mn2+ has been observed under pulse excitation. The only luminescence observed is due to the
fast decaying SiO2 emission and the sharp luminescence lines related to 5D3 →

7F5,
5D3 →

7F4,
5D4 →

7F6,
5D4 →

7F5,
5D4 →

7F4 and
5D4 →

7F3 intra-shell transitions of Tb
3+ ions, decaying within 1 ms. The lack

of the Mn2+ emission is related to the efficient energy transfer from ZnS:Mn2+ nanocrystals to Tb3+ ions.
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Twelve-coordinated Ho(III) Hydrazone Complex

N. Guskos1,2∗, J. Typek2, J. Majszczyk2, M. Maryniak2, D. Paschalidis3

1Solid State Section, Department of Physics, University of Athens,

Panepistimiopolis, 15 784 Zografos, Athens, Greece

2Institute of Physics, Szczecin University of Technology,

Al. Piastów 17, 70-310 Szczecin, Poland

3Department of Chemistry, Aristotle University, Thessaloniki, Greece

A new, twelve-coordinated holmium(III) compound, [Ho(NO3)3(PBH)2]NO3· 1.5H2O, has been pre-
pared and studied by high-resolution photoacoustic spectrometry (PAS). The spectroscopic parameters
of the obtained photoacoustic lines attributed to the f–f transitions were analyzed and compared with
the parameters of a similar tenfold-coordinated holmium(III)-complex, [Ho(NO3)2(PicBH)2]. Computer
fitting of the obtained spectra allowed us to decompose them into Gaussian components and calculate the
spectral parameters of each transition. Of the five observed f-f transitions, the 5I8 →

5G6
5I8 →

5G6 and
5I8 →

5G3 transitions appeared to be the most sensitive to change of ligand coordination. The charge-
transfer π → π∗ and n→ π∗ transitions registered in the UV part of the photoacoustic spectrum exhibited
significant variation due to the change of the coordination number and the shift of ligands towards greater
wavenumbers.
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The Three-dimensional Conserved-order-parameter Ising Model

with M = 0.95: a Monte-Carlo Wang-Landau Approach
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The critical region properties of the conserved-order-parameter three-dimensional Ising model with

constant magnetization of M = 0.95 were studied by means of the Monte Carlo Wang-Landau algorithm.

The study was carried out in the appropriate restricted but dominant energy subspaces. Using the

evaluated density of states for the current model, the main effort was focused on the specific heat and

Binder energy cumulant for lattices with linear size 30 ≤ L ≤ 120, in order to asses whether this version

of the Ising model belonged to the same universality class as the normal one. This was achieved by

estimating the values for the thermal critical exponent, yt, and critical temperature, Tc, by applying

finite-size scaling analysis.
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TiO2 Thin Films as Sensing Gas Materials
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Among many interesting applications of titanium dioxide (TiO2) films, such as multilayer optical
coatings, optical waveguides, photodecomposition of environmental pollutants, solar cells, electronic de-
vices, etc. [1, 2], such films can detect a large category of harmful gases affecting our environment and,
as a consequence, the quality of our life. As suggested in literature, undoped TiO2 thin films respond
significantly and very rapidly to the reducing gas ethanol and to H2, while doping with Ce, Y, Sr and Tb
render them sensitive to ethanol only [3].

Semiconducting gas sensors change their electrical conductivity when exposed to varying gas atmo-
sphere. The mechanism usually depends on the operating temperature, which depends on the sensor
material’s properties and on the gas atmosphere. Nanosized grains of the sensing materials are preferred,
as they increase the specific surface exposed to the gas [4].

In this paper, we discuss the influence of some deposition parameters (substrate nature, doping, etc.)
on the phase composition and morphology of titanium oxide films and, consequently, on their gas-sensing
properties. The sensitivity of these films and their optimum operating temperatures were investigated
for some reducing gases (methane, acetone, ethanol and liquefied petroleum gas). Several methods were
used for preparing films with different structural and electrical properties (sol-gel, spray pyrolisis, dc
reactive magnetron sputtering). We have observed chemical methods usually producing rougher films,
with greater specific area surfaces and better sensing properties.

The films’ structure and microstructure were respectively investigated with X-ray diffraction (XRD)
and Atomic Force Microscopy (AFM).

TiO2 films were exposed to various concentrations of gases at elevated temperatures in order to
evaluate the gas sensitivity of ZnO gas sensors. The electric resistance of the films in test gases, Rg, and
in pure air, Ra, was measured and the gas sensitivity, defined as:

S =
∆R

Ra

=
|Ra − Rg|

Ra

was calculated.
Correlations with the structure and morphology of TiO2 films were made.
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Two samples were prepared containing γ-Fe2O3 magnetic nanoparticles dispersed at the concentra-
tions of 0.1% and 0.3% in a poly(ether-ester) multiblock copolymer (PEE PEN) matrix. The polymer filler
was in powder form, consisting of 10 nm size magnetic nanoparticles arranged in 2–3 µm long and 100 nm
thick agglomerates. The samples were characterized by XRD and TEM spectroscopy. TEM showed the
concentration of magnetic nanoparticles to be homogenous in both samples. The temperature dependence
of the dc magnetization revealed that the blocking temperature was about 100 K and the ZFC mode at
low magnetic fields uncovered the presence of the matrix’s critical points. The ferromagnetic resonance
(FMR) measurements were carried out in the 4.2 to 300 K temperature range. An intense resonance
absorption line from γ-Fe2O3 was recorded, with a slightly asymmetric line shape. The derivative spectra
were fitted to two Lorentzian lines. The resonance lines at 280 K were centered at Hr = 2997(2) and
3217(2) Gs with line widths ∆H = 1164(1) and 1185(1) Gs for samples with concentrations of 0.1% and
0.3%, respectively. The integrated FMR intensities of the two samples were almost the same. All the
FMR parameters showed anomalous behavior connected with the presence of the matrix’s critical points.
Tab. 1 shows the ∆Hr/∆T gradient in the various temperature regions. The above values are higher for
lower concentrations at higher temperatures, while the opposite effect is observed for lower temperatures.
It has been demonstrated that the concentration of magnetic nanoparticles could play an important role
in the behavior of FMR spectra.

Table 1

Concentration ∆Hr/∆T (280 K > T > 110 K) [Gs/K] ∆Hr/∆T (95 K > T > 40 K) [Gs/K]
0.1 % 0.84 8.57
0.3 % 0.69 21.24
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La1−xCaxMnO3 manganites have a rich electronic diagram, depending on the average size of A places
and the nature of interaction among Mn cations. Phase separation between FM and AFM regions was
observed near x = 0.5. The substitution of Mn with other transition cations produces a change of Mn-O-
Mn interactions, followed by a corresponding change in the electronic phase diagram. We have synthesized
a new row of manganites of La0.54Sm0.11Ca0.35 Mn1−xCuxO3 (LSCMCO) nominal composition. The
samples were prepared by the sol-gel method. The gel was calcinated at 800◦C for 17 h and than sintered
in air at 1200◦C for 10 h. The sintered samples were monitored through X-ray powder diffraction, IR
and DR spectrophotometry, magnetic and electric measurements to study the effects of the Mn-site
substitution on their electronic and magnetic structure. The lattice constants, atomic positions, Mn-O
distances and Mn-O-Mn angles were determined with the DICVOL, POWDERCELL and FULPROF
programs. The structure can be described by a Pnma unit cell (Fig. 1).

Figure 1: The diffractogram of LSCMCO (x = 0.03)

Slight dependence of the lattice parameters on the Cu amount in the sample was observed. Analysis
of the FT-IR and UV-Vis spectra reflected a minor decrease of oxygen disorder and Mn3+ concentration
with the decrease of the Jahn-Teller effect. We have discussed the dependence of the transition from the
metal to the insulator behavior (Fig. 2) and the modification of FM/AFM concentrations in terms of
tight-binding approximation (TBA). In agreement with the TBA theory the bandwidth depends strongly
on Mn-O distances and Mn-O-Mn bond angles.
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Figure 2: The variation of resistivity vs. temperature of LSCMCO (x = 0.03)
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Heterostructures based on CdXHg1−XTe solid solution for optoelectronic devices are obtained by
LPE methods. An important experimental and theoretical problem is finding the most efficient growing
parameters of the epitaxial process.
The first approximation while constructing a thermodynamic model of phase formation by LPE is

based on the system’s phase equilibrium data. An analysis of experimental results concerning phase
equilibrium has shown that it is possible to achieve satisfactory thermodynamic description only if a model
is included of the associated solutions with a set of complexes in the liquid phase. It is possible to explain
and describe the complicated form of liquidus lines in initial binary systems and a moderate pressure
of the system’s main components only through a complex interaction between associates of different
composition in the liquid phase. The developed thermodynamic model enables satisfactory description
of the experimental data on the p–T–X equilibrium in ternary and initial binary systems in a wide
interval of temperatures and pressures. LPE kinetics in the system was based on the theory of diffusion-
limited growth. According to this theory, the growth of a solid solution is limited by diffusion transition
of a substance to the interface. The mathematical problem of three-component material crystallization
consists of a differential diffusion equations in the form of Stefan’s problem, while the equations of phase
equilibrium within the framework of the polyassociative solutions model serve as boundary conditions.
The formulated problem was solved by numerical methods. Our experimental data and other available in
the literature on the LPE process in Cd-Hg-Te systems were described precisely.
The heterojunction between the CdXHg1−XTe solid solution and a substrate of initial binary com-

pounds is characterized by the presence of differences in the materials’ crystal lattice constants. There-
fore, a solid solution layer grows under elastic strain. In order to estimate this factor in an analysis
of the system’s phase equilibrium, the coherent phase diagram own melt – strained solid solution on
a massive substrate from initial compound has been analyzed. The contact supercooling producing the
quasi-equilibrium state in the system has been demonstrated to be close to 1 K. So insignificant degree
of contact supercooling in the system reduces the growth rate and the thickness of layers insignificantly.
Thus, the high thermodynamic stability of a growing solid phase composition change caused by the occur-
rence of elastic energy in the system is also insignificant. Such conclusions about the influence of elastic
deformations in the growth process follow from data calculated with or without elastic energy in the
system.
A kinetic analysis of the grown layers in various time-temperature regimes (step cooling, equilibrium

cooling and supercooling techniques) has been performed and satisfactory description of the growth
process has been achieved, both for layer thickness and the growing solid solution’s composition. Thus,
the obtained results have proved the applicability of the developed thermodynamic software in descriptions
of crystallization of solid solutions . The applied mathematical software can be used to choose the most
favorable growth conditions for layers of desirable parameters.
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Binary systems with a miscibility gap in the phase diagram are interesting because, when cooled from
the liquid state, they produce finely dispersed alloys. Besides, the alloys of these systems, whose concen-
tration and temperature are close to the critical one, attract researchers’ attention due to fundamental
interests. It is therefore of great importance to study the concentration fluctuations near miscibility and
their influence on physical properties. Such fluctuations affect the stability of liquid-liquid equilibrium
and promote the formation of variously sized structural units, including nanoscale ones.

In this work, results of viscosity measurements of Bi–Zn binary melts are presented. Measurements
of the viscosity coefficient were carried out with using a high-temperature viscometer. The Shvidkovskiy
approach was used to calculate the coefficient of dynamical viscosity. The temperature dependences of
the viscosity coefficient were obtained for molten alloys containing 15, 20 and 91.9 at% of Bi. The con-
centrations of melts corresponded with different points of the miscibility gap. The obtained temperature
dependences were compared with those for the liquid components, Bi and Zn. Experimental results indi-
cate anomalous behavior of the viscosity-temperature dependences, especially for the melt corresponding
to the critical point concentration (15 at% Bi). The maximum was observed at the temperature of
T ≈ 850 K, whereas at other temperatures viscosity varied according to an exponential dependence.
Such maxima are not commonly observed in temperature dependences for other liquid metals and alloys.
With the content of Bi-atoms increasing to 20 at%, the maximum was significantly reduced but persisted.

The temperature dependences of viscosity were also used to calculate the activation energy values.
An analysis of changes in viscosity with temperature and calculated values of activation energies allowed
us to estimate the concentration fluctuations near the miscibility gap. The maximum, which appears
in the experimental temperature dependence of viscosity is attributable to significant fluctuations in
concentration accompanied by an increase in the structural unit size.
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Phase Transformations

in a La1−xNdxNi3.5Al1.5-H2 (x = 0.1; 0.2) System
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Interaction in a La1−xNdxNi3.5Al1.5–H2 (x = 0.1 and 0.2) system were studied from room temperature
up to 950◦C, with the initial hydrogen pressure of 5 MPa, by means of differential thermal and X-ray phase
analyses. The heating of two-phase alloys (x = 0.1 and 0.2) in hydrogen results in their disproportionation
at 530 and 560◦C, respectively, and the formation of NiAl and unidentified amorphous products. The
single-phase La0.9Nd0.1Ni3.5Al1.5 alloy decomposes in hydrogen at 900◦C into a hydride of rare-earth
metals and intermetallic Ni3Al; traces of NiAl and a CaCu5-type hydride structure were also observed.
Heating the disproportionated samples in vacuum to 520–550◦C leads to their recombination into a
homogenized phase of a CaCu5-type structure. The increased neodymium content shifts the reaction
equilibrium in the La1−xNdxNi3.5Al1.5–H2 system in the recombination direction.

Conditions, phase composition and lattice parameters of interaction products of La1−xNdxNi3.5Al1.5

(x = 0.1 and 0.2) alloys and hydrogen under the initial pressure of 5 MPa.

Notes: t. st. – type of structure; ∗ – desorption, recombination of disproportionated products obtained
by heating in hydrogen to 600◦C; ∗∗ – homogenized by means of Solid-HDDR.
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Dielectric Relaxation in Polyurethane Networks

Nanostructured in Situ by Metal Complexes
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Dielectric relaxation spectroscopy of metal-containing polyurethane (MPU) networks nanostructured
in situ by polyheteronuclear metal organic complexes has revealed significant increase in direct current
conductivity as compared with the original metal-free PU matrix.

An analysis of MPU’s temperature dependences of conductivity at a direct current justifies assuming
its ionic character. The description of experimental data by curves constructed on the basis of the Fogel-
Taman-Falcher equation shows the influence of free volume on charge transmission. If the small content of
metal ions (0.01–0.05 wt%) and coordination immobilization of metal complexes in a PU matrix are taken
into account, we can assume that the most possible current carriers are protons. Taking into account
the dependence of charge transfer on the MPU’s free volume, of the increased mobility of protons has
been related to increased mobility of polymeric chains due to the structurization of the PU matrix. This
assumption is in agreement with a shift in the relaxation of conductivity of the MPU toward higher
frequency electric modules. It is also confirmed by the absence of dipole relaxations in the 102–106 Hz
frequency range at temperatures from −40 up to 120◦C.

Both the value and relaxation of MPU conductivity are sensitive to the complexes’ structure (see table)
and the presence of additional complexing agents in the reaction mixture. Solvents with various ability
of complex formation, 1,4-dioxane, CH2Cl2, N,N-dimethylformamide (DMFA), were used as additional
complexing agents capable of influencing the structurization process. PUs obtained using various solvents
and in situ immobilized coordination complexes can be ordered as follows according to direct current
increases: PU-Cu2ZnNCS (1,4-dioxane) < PU-Cu2ZnNCS (CH2Cl2) < PU-Cu2ZnNCS (DMFA).

The conductivity of modified PUs is very sensitive to the metal ion content in metal-containing
modifiers.
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Polymer-immobilized mono- and polyheteronuclear metal complexes were obtained in situ in struc-
turally homogeneous polymer nanocomposites based on cross-linked polyurethane (PU). Aggregation of
these metal complexes was shown by the EPR method to be hindered by complexation with polar groups
of the polymer matrix. The obtained systems included organic nanoscale structures (self-similar micro
heterogeneities typical for PU) and metal-containing coordination junction points. The nanoscale di-
mensions of these aggregates was demonstrated by X-ray scattering and scanning electronic microscopy
(SEM). The profile values of their structural parameters were estimated using small-angle X-ray scat-
tering as follows: periodicity of uniform electronic density scattering elements, D, heterogeneity range,
lp, and interface width, E (for a two-phase system), are all of the nanoscale order of magnitude. SEM
microphotos of the cryogenic cross-brake surface of metal-containing PU films demonstrate the presence
of heterogeneities of 10 to 100 nm linear dimensions.

According to the wide angle X-ray scattering (WAXS) data, all the analyzed metal-containing PUs
are amorphous. At the same time, the formation of their microstructure depends on the spatial symmetry
of coordination junction points and the structure of polyheteronuclear metal complexes. According to
the X-ray and SEM data, as well as those of optical transmission microscopy, the presence of 5% metal
chelate complex in PU leads to the saturation of coordination-able sites of the polymer matrix and to a
partial separation of the metal-containing phase.

It has been shown that metal-containing PU matrices differ essentially in their polymer chain mobility,
electric and thermomechanical properties, depending on the symmetry and quantity of ionic centers
(1 to 7) in the coordination metalorganic modifier. Due to the immobilization of metal complexes in PUs,
chain mobility increases, an effect demonstrated with the EPR and DSC methods. Increasing polymer
chain mobility increases the conductivity of some of the PUs to the semiconducting level. This effect was
demonstrated with the static two-electrode method and dielectric relaxation spectroscopy (DRS).
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Polycarbonate (PC) possess many commercial applications. However, its use is still limited to non-
abrasive and chemical-free environments, due to its poor hardness, low scratching resistance and high
susceptibility to chemical attacks. To overcome this limitation, PC may be coated with hydrogenated
amorphous carbon layers. Such a–C:H layers have very attractive properties, including good hardness, in-
frared transparency, chemical inertness, low friction coefficients and biocompatibility. The addition of ni-
trogen to the structure reduces the internal stress and improves the tribological properties of a–C:H layers.

In this work, a–C:N:H layers were deposited from a mixture of CH4/N2 gases by Plasma-Enhanced
Chemical Vapor Deposition (RF CVD 13.56 MHz). Effects of nitrogen’s incorporation in the structure
and the tribological properties of the deposited layers were investigated. The structure of layers was
characterized through X-ray Photoelectron Spectroscopy and Fourier Transform Infrared spectroscopy
(FTIR). The layers’ friction coefficient, wear resistance and surface topography were respectively es-
timated with a tribometer in the ball-on-disc configuration and atomic force microscopy (AFM). The
results indicate that the content of incorporated nitrogen has considerable effect on the film’s properties.
The IR spectra of the obtained layers have demonstrated the presence of nitrogen bonded to carbon and
hydrogen. The formation of the following bonds has been confirmed: –C≡N, –NH2, –C–NH2, >C=NH,
all of them typical for a–C:N:H layers. The surface of layers has been estimated by AFM to be smoother
with the increase of the N/C fraction. The tribological tests have shown that the layers reduce the friction
coefficient of the polycarbonate (up to 50 %) and improve its wear resistance considerably.
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J. M. Olchowik1, S. Gułkowski1, K. Cieślak1, K. Zabielski1,

I. Jóźwik1, A. Rudawska2

1Institute of Physics, Lublin University of Technology,

Nadbystrzycka 38, 20-618 Lublin, Poland

2Departement of Production Engineering, Lublin University of Technology,

Nadbystrzycka 38, 20-618 Lublin, Poland

Epitaxial growth of thin layers from the liquid phase can be achieved with solutions saturated in
various ambient gases. Most often this process takes place in vacuum or a gaseous atmosphere of hydrogen
or argon. According to the experimental data, the morphology of the crystallized layers is determined by
the ambience in which the process occurs.
The cohesion energy responsible for the processes of epitaxial lateral deposition on the substrate’s

surface depends on the surface free energy, which is a measure of attraction of the solution’s atoms by the
substrate atoms. In the case of crystallization of an epitaxial lateral layer of Si on a substrate partially
masked with a dielectric, the chemical potentials of atoms in the neighboring phases (determining the
interface’s evolution) influence the relaxation velocity of the saturated liquid phase and the horizontal
and vertical growth rate.
The aim of our investigation was to analyze experimentally the influence of ambient gases used during

LPE growth on the cohesion of the Sn:Si solution with substrates applied for the lateral epitaxial growth
of Si layers. This work presents a comparative temperature analysis of the wetting angle of surfaces such
as Si, SiO2 and SiNx by the Sn:Si solution.
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The prepared recognition materials are key components of optical chemical sensors that selectively
detect ions of particular metals. Such recognition elements could find applications in many fields, including
environmental protection and medicine.
The recognition materials consist of mesoporous silica with organically functionalized surfaces [1, 2],

which supports covalently grafted fluorophore molecules. Mesoporous silica exhibits sharp pore-width
distribution, with pore sizes from 2 to 8 nm. The prepared MCM-48 matrix has a three-dimensional
cubic structure, while MCM-41 exhibits a hexagonal array of uni-dimensional channels [3]. Fluorophore
molecules consist of three functional parts: the fluoro group (pyrene), a receptor with O and N donor
groups, and the anchoring (carboxyl) group.
The organo-functionalized silica supports were modified by noble metal nanoparticles, such as Au

and Ag. This modification enhanced the fluorophores’ fluorescence intensity in comparison with the
recognition materials without noble metals. The effect is due to the surface plasmon resonance (SPR)
of silver and gold nanoparticles [4].
Fluorescence intensity of the recognition element after complexation of various metal ions was exam-

ined. Every metal ion modified the fluorophore’s fluorescence intensity, but the most significant effect
was observed with Cu(II) ions. After complexation of Cu(II) ions, the emission decreased due to the
photo-induced electron transfer (PET) effect [5]. Experiments have shown that fluorophores grafted on
mesoporous silica modified by noble metal nanoparticles selectively recognize Cu(II) ions mixed in aque-
ous solutions with other metal ions. Thus, the prepared material can be treated as a chemical recognition
element for Cu(II) ions.
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(2002) 278

2. J. Y. Kim, S. H. Park, J.-S. Yu, Opt. Mater. 21 (2002) 349.
3. P. Behrens, A. Glace, Ch. Haggenmüller, G. Schechner, Solid St. Ions 101–103 (1997) 255.
4. E. Hutter, J. H. Fendler, Adv. Mater. 19 (2004) 1685.
5. R. A. Bissel, E. Calle, A. P. de Silva, Chem. Soc. Perkin Trans. 2 (1992) 1559

∗Corresponding author: maja orlowska@o2.pl

163



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandP-65

Isolated Mn2+ Centers and Clusters in Mn-Doped Glasses
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The EPR, UV-visible optical spectra (absorption, luminescence excitation, emission) and luminescence
kinetics of Mn2+ impurity centers in Mn-doped glasses of the CaO–Ga2O3–GeO2 system have been
analyzed. EPR spectra of the as-synthesized Mn-doped glasses consist of three broad bands with effective
g-factors: geff ∼= 4.3, geff ∼= 3.0, and geff ∼= 2.0. The observed spectra have been attributed to Mn

2+

(3d5, 6S5/2) isolated ions in octahedral sites with a broad distribution of crystal field parameters and
small clusters of Mn2+ ions [1]. Optical spectroscopy [2] has demonstrated the manganese impurity to be
incorporated into octahedral sites of the CaO–Ga2O3–GeO2 glass network as Mn

2+ and Mn3+ ions. The
intense broad absorption band with a maximum about 460 nm is related to the spin-allowed 5Eg →

5T2g
transition of Mn3+ ions in trigonally distorted octahedral sites of the CaO–Ga2O3–GeO2 glass network.
The spin-forbidden weak absorption lines of Mn2+ ions were not observed on the background of Mn3+

strong absorption band. The observed luminescence band with a maximum about 650 nm can be explained
in the framework of the transition 4T1g →

6A1g of Mn
2+ ions in trigonally distorted octahedral sites.

The Mn2+ luminescence decay curve can be adequately described by a two-exponential approxima-
tion with different lifetimes (τ1 = 12.4 ms, τ2 = 3.98 ms at λexc = 300 nm), corresponding to two
types of Mn2+ centers in the glass network. On the basis of the obtained results and the referenced
data, it has been demonstrated that the longer lifetime (τ1 = 12.4 ms) belongs to isolated Mn

2+ cen-
ters (about 64%), whereas the shorter lifetime (τ2 = 3.98 ms) belong to pairs and small clusters of
Mn2+ centers (about 36%), coupled by magnetic exchange interaction. The presence of exchange-coupled
Mn2+–Mn2+ pairs and Mn2+ clusters in the glass structure is confirmed by magnetic susceptibility mea-
surements. Possible local structure of isolated Mn2+ centers in the CaO–Ga2O3–GeO2 glass network is
considered and discussed.
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Lead molybdate single crystals were grown by the Czochralski technique under optimized conditions.
As the starting charge stoichiometry is well known to be an important factor for controlling the optical
transmission characteristics of pure and doped lead molybdate crystals. The starting polycrystalline lead
molybdate material used for crystal growth was prepared by mixing the constituent oxides, i.e. PbO and
MoO3. In order to grow stoichiometric crystals, the constituent powders were mixed in the 1:1 molar
ratio. A pull rate of 2.5 mm/h and a crystal rotation rate of 20 rpm were employed to grow crystals
20 mm in diameter and 60 mm long. A platinum crucible 50 mm in diameter and 50 mm long, was used
in the experiment. A photograph of an ingot is shown in Fig. 1.

Figure 1: A PbMoO4 single crystal

For the optical transmission measurements, crystal plates were cut from the crystal ingots and their
faces were polished optically. The optical transmission spectra of the polished crystal plates were recorded
over the wavelength range of 190–3200 nm by a Perkin-Elmer Lambda-2 spectrophotometer. EPR spec-
tra were recorded to investigate the introduced paramagnetic centers for their symmetry and magnetic
interactions using a standard X-band Bruker E500 EPR spectrometer with the field range of 0–1.4 T and
the microwave field modulation of 100 kHz.
We have also analyzed the possibility of doping crystals with transition metal ions, especially cobalt

ones. For three Co doped PbMoO4 single crystals, starting concentrations of cobalt ions in the melt were
0.2 wt%, 0.5 wt% and 1 wt% with respect to molybdenum.
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Lead-based eutectics continue to be interesting due to their various practical applications. Pb–Bi
and Pb–Mg eutectics are considered to be good liquid-metal coolants for nuclear power systems [1, 2].
Pb–Sn and Pb–Sn–Bi eutectics are widely used as low-temperature solders. Although these systems
have been extensively studied, the measurements of their eutectic region reveal anomalous temperature
dependences of some physical properties. It has been shown that molten metallic alloys undergo a number
of structural transformations from the initial microheterogeneous state just after melting up to the true
solution state [3].

As has been shown in theoretical studies (see [4] and references therein), a regular solution becomes
thermodynamically unstable when approaching the eutectic temperature, Te. Areas of stability and
instability have been determined, separated by spinodal and binodal lines. It has been shown theoretically
that a maximum temperature of instability did not exceed 2Te. Having passed this temperature upon
cooling, the regular solution becomes metastable. Further transition to the irregular state is possible
either through the fluctuation processes or under external fields.

The anomalies of temperature dependences of various physical properties (incl. resistivity, internal
friction or density), such as hysteresis and a divergence of the heating-cooling curve have been observed
in various eutectic systems [3, 5, 6]. In the present work, the temperature dependence of electrical
conductivity, σ(T ), thermoelectric power, S(T ), and viscosity, η(T ), of Pb-based eutectic and near-
eutectic systems have been studied. An anomalous behavior of the physical properties of liquid binary
Pb–Sn, Pb–Bi, Pb–Mg and ternary Pb–Bi–Sn melts has been revealed well above the liquidus. The
anomalies’ temperature range reaches hundreds degrees and depends on the sample’s composition. The
results are interpreted in the context of the assumption that microsegregation areas formed by micro and
nanoclusters exist in eutectic and near-eutectic systems.
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A comprehensive study of the conductivity of sol-gel nanocrystalline TiO2 thin films is presented,
both undoped (heat treated in 450, 500 and 600◦C) and N-doped (heat treated in 500 and 600◦C), in
vacuum and in air, in dark and as a function of illumination time and light intensity, in an effort to better
understand the influence of light on the transport properties of undoped and N-doped TiO2.

A comparison of the dark conductivities of the undoped samples in vacuum and in air emphasizes
the role of either the adsorbed oxygen (450◦C) or water (500 and 600◦C). Predictably, the addition of N
reduces this influence.

At room temperature, the transient photoconductivity appears to be very sensitive to the environment
for almost all samples. In vacuum, the rise and decay of p is slow, which suggests that the thermal release
of electrons from traps dominates. In air, the rise and the decay are much faster, indicating that the
predominant mechanism is recombination. However, in the case of the N-doped sample heat-treated
at 600◦C, the presence of nitrogen influences the photoconductivity behavior, revealing much longer
saturation and decay times.
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In this work, we present the results of investigations of low-temperature (4.5 K) optical properties of
CdTe thin films prepared by the pulse laser deposition (PLD) method. Films were deposited by using
a YAG:Nd laser with the power of 1 J, pulse duration of 10 ns and repetition frequency of 1 Hz on CdTe
single crystalline substrates heated to about 250◦C. An argon laser (wavelength λ = 488 nm) was used to
excite photoluminescence (PL). We recorded PL and reflection spectra for both thin films and substrates
(back side of the samples).
An extremely sharp doublet, consisting of two close peaks at 779.3 and 779.8 nm, dominates the

exciton emission region of the substrates’ PL spectra. They are attributable to recombination of excitons
bound to neutral acceptors (A0X-lines): Cu and Ag residual impurities. The prominent feature (D0X-
line) at 778 nm has been known due to the recombination of an exciton bound with a neutral hydrogenic
donor. The low-wavelength shoulder of this line is connected with the exciton bound with another donor.
Two weak emissions at 776.5 and 777.3 nm are practically coincident with the maximum and minimum
positions of the exciton reflection curve. This structure is identified as the transverse and longitudinal
components of the polariton (i.e. exciton-photon interaction). Its presence is evidence of high structural
perfection of the CdTe substrates. The long-wavelength shoulder at 781.2 is due to the emission of multi-
exciton acceptor complexes, while the nature of the line at 783.6 is not clear. Notable is the emission’s
weakness in the edge and deep-level regions, which is also evidence of high quality of substrates.
The PL spectra of the deposited films differ significantly from those of the substrates. D0X-lines

become more intensive than A0X ones. The features at 780.8 and 781.2 nm are due to the presence
of multi-exciton complexes and the broad band with a maximum at about 7915 nm is their LO-phonon
replica. Another broad band with a maximum at about 802.2 nm appears in the edge emission region. This
band is actually composed of conduction band-acceptor (e, A0) emission and a shallow donor-acceptor
(DAP) recombination. The acceptor has a complex character involving a cadmium vacancy, VCd. The
band at about 813.5 nm is composed of the e,A0-LO and DAP-LO lines. The well-structured deep
emission band becomes dominant in the whole PL spectrum of the films. It is known to be a sum of
two components. One is the so-called Y-line with a zero-phonon transition at 839.5 nm, associated with
radiative recombination of excitons trapped by the fields of extensive defects (i.e. dislocations). The other,
with a zero-phonon line at 852 nm, is associated with transitions from shallow donors to the A-center
in the form of a cadmium vacancy-shallow donor (VCd-D)

− complex. The presence of a deep emission
band is the cause of the undistinguished character of the exciton reflection spectrum of the PLD obtained
CdTe films.
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Organic solids are promising materials for electronic devices, since they demonstrate properties com-
parable with those of amorphous silicon. Recently, pentacene thin layers have been studied widely due to
their outstanding properties suitable for application in field-effect transistors. The electronic properties
of pentacene thin films and their stability depend strongly on the film’s structure and ordering. Crys-
tal defects, grain boundaries and disorder dominate charge transport properties in the obtained layers.
However, single crystalline layers of pentacene have not been grown until now. In the present paper,
we study the absorption properties of pentacene layers grown by the PLD method. We find that the
layers obtained using the second harmonic of laser radiation exhibit optical properties suggestive of better
ordering. Pentacene layers were grown by the ordinary pulse laser deposition (PLD) method. A pulsed
YAG: Nd3+ laser was used with the maximal energy of 0.4 J in the pulse. The pulse duration was 40 ns
and the repetition time was 3 s. Two laser wavelengths were used, the first harmonic of 1064 nm and
the second one of 532 nm. The target in the shape of a tablet was prepared from pressed pentacene
powder. The target and the substrates were placed in a quartz tube in a vacuum chamber preserving
small volume in which the material was working. Layers were deposited on glass substrates with an ITO
layer and KCl, BaF2 or Al2O3 substrates. All the glass/ITO substrates used had the same thickness
and optical properties. The target-substrate distance was 0.5–3.0 cm. Layers were deposited at room
temperature. The samples’ description and the technological parameters of the deposition process were
collected. The absorbance spectra were registered with a UNICAM UV- 300 spectrophotometer in the
wavelength region of 400 to 800 nm. The internal reflection losses were disregarded. The glass/ITO
substrate practically did not influence the layers’ optical properties. In the absorbance spectrum of the
thinnest layer the structure of absorption was absent, probably because pentacene concentration in the
layer was very small due to the smaller number of pulses in connection with small energy density. The
absorbance measurements of layers prepared on glass/ITO substrates with PLD have shown that the
layers deposited using the second harmonic are of higher quality than those of the first harmonic. This
confirms the thesis that laser wavelength plays an important role in the PLD method applied to polymer
layer growth. Studies in the dependence of other PLD parameters, such as substrate temperature, are
necessary to grow pentacene layers of high crystal quality.

∗Corresponding author: ppotera@univ.rzeszow.pl
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Thin films of binary compounds such as rare-earth metals-iron (GdFe2, Gd2Fe17) were obtained by
thermal vacuum evaporation of a polycrystal charge. In order to enable structural examination, a 500–
600 Å thick films on were precipitated NaCl and KCl chips. The films’ thickness was determined with
an optical interferometer. The temperature of substrates carriers varied from 300 to 500 K. Structural
research of the films was carried out with an electron microscope. The thermal resistance and kinetics
of crystallization of amorphous condensates were explored through straight heating in the microscope’s
column at the rate of 5–30 K/min.

Temperature stability in the temperature dependence of substrates was investigated. Phase transfor-
mations were observed during crystallization of amorphous films. At room temperature of substrates (Ts)
amorphous films are formed, amorphous-crystalline at Ts = 300–500 K, and polycrystalline at Ts > 500 K.
Formation of two phases, Gd6Fe23 and a–Fe, was observed upon crystallization of Gd2Fe17 amorphous
films. In the films obtained at substrate temperatures > 500 K, 3 phase sets were present: a hexagonal
Gd2Fe17 phase of the Th2Ni17 structural type, a rhombohedral Gd2Fe17 phase of the Th2Zn17 structural
type, and a hexagonal GdFe5 phase of the CaCu5 structural type. Films of the GdFe2 compound were
shaped in the reference for massive state GdFe2 to cubic structure with face-centered lattice.
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The intensive development of surface engineering inspired by the needs of industry is connected with
continuous research including the building of models illustrating physical and chemical phenomena in
order to effectively design and control the surface treatments processes.
The difficulty of in-situ measurements giving information on the changes taking place on the surface

and inside the basis material (or in layers of multifunctional materials) during a surface treatment process
creates many problems in elaborating analytical models describing numerically the relations between
physical and chemical phenomena and the features of the obtained surface layers.
The lack of adequate analytical models and calculation problems motivate the search for alternative

surface engineering solutions enabling elimination of iterations or trial-and-error methods in the devel-
opment and modernization of surface technologies. This is one of the fastest growing trends in surface
engineering, of great innovative potential.
A complex energetic model is presented in the paper, encompassing a combination of artificial intel-

ligence methods with a data base.
The model enables performing the following tasks:

• searching analogies and contrasts between processes of surface treatment (data mining methods),

• concluding on the physical, chemical and operational features of surface layers in computer-designed
surface treatment (an expert system),

• prediction of the chosen layers’ properties (artificial neural networks) and

• calculation of selected parameters of the environment of thermo-diffusional processes (evolutionary
algorithms).
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In recent years, there has been growing interest in block polymers mainly due to their unique prop-
erties, different from those of the component polymers.

In the solid state, polysulfone (PSF)-polydimethylsiloxane (PDMS) block copolymers have a contin-
uous phase formed by PSF blocks in which PDMS blocks are dispersed.

Such copolymers, of various compositions (Tab. 1), were prepared by condensing chloro-terminated
polysulfone oligomers with α, ω-dihydrogensilyl-polydimethylsiloxane in a refluxing chlorobenzene solu-
tion in the presence of urea as hydrogen chloride acceptor. The resulting copolymers had alternating
blocks of PSF and PDMS of the (AB)n type. Their electrical and optical properties were investigated in
thin film samples (d = 300–2600 nm) deposited onto glass substrates from an N,N-dimethylformamide
solution by the spin coating deposition method.

The films’ electrical conductivity was measured using surface-type cells. The Seebeck coefficient was
determined by the thermal probes method. The temperature dependences of electrical conductivity and
the Seebeck coefficient were studied in the ∆T = 300–475 K temperature range. It was established
experimentally that the samples with a stable solid-state structure can be obtained by being subjected to
a heat treatment consisting of several successive heating and cooling phases within a certain temperature
range, ∆T , characteristic for each copolymer (Tab. 1).

Copolymer Cs [%] d [nm] η [%] σc [Ω−1 cm−1] ∆T [K] σT [Ω−1 cm−1] Tc [K] ∆E [eV]
AH.P1 6.23 1150 0.33 7.25x10−8 300-475 5.16x10−8 350 1.60
AH.P2 10.53 1100 0.37 6.24x10−8 300-430 1.25x10−7 330 1.44
AH.P3 18.32 980 0.18 2.66x10−9 300-476 1.10x10−8 360 1.50
AH.P4 28.44 950 0.19 2.15x10−8 300-465 2.25x10−8 340 1.40
AH.P5 38.03 1050 0.12 1.06x10−7 300-475 3.04x10−7 355 1.66

Table 1: Cs – siloxane content [%]; η – reduced viscosity (0.2 g/dL solution in dichloroethane at 25◦C);
d – film thickness; σc – electrical conductivity at room temperature before heat treatment; ∆T – tem-
perature range in which the heat treatment of sample was performed; σT – electrical conductivity at
room temperature after the heat treatment; Tc – the characteristic temperature for respective samples;
∆E – the energy band gap

An exponential increase in electrical conductivity with temperature has been observed for the studied
copolymers throughout the ∆T temperature range. Thus, the polymers have shown semiconducting
characteristics determined by their specific macromolecular structure, which affords extended conjugation
of electrons along the copolymer chain.
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It has been found that the intrinsic conduction domain begins at a certain temperature, Tc, charac-
teristic for each sample (Tab. 1). For T < Tc the polymers exhibit extrinsic conduction.

For the studied copolymers, the expression

lnσ0 = β + ∆E, (1)

describing the compensation effect, has been verified by our experimental results. In Eq. (1), σ0 is an
pre-exponential factor in the standard semiconduction equation

σ = σ0. exp

(

−

∆E

2kT

)

, (2)

where ∆E is the thermal activation energy of electrical conduction, while β and γ are characteristic
parameters. (For the investigated class of polymers, β = −14.52 and γ = 15.58 eV−1).

The Seebeck coefficient, S, is positive in the intrinsic domain and decreases with increasing tempera-
ture. The values of carriers’ mobility, b, (b = µe/µh, where µe is the electron mobility and µh is the hole
mobility) has been estimated from S = f(1/T ) dependences. The obtained values, b = 0.85–0.95, are
interpreted by supposing that the conduction band has a complex structure.

The transmission spectra have a sharp edge at the wavelength corresponding to the forbidden energy
gap of the respective polymer. The optical band gap has been estimated by supposing that forbidden
direct band-to-band transitions are predominant. The obtained values (Eg = 1.50–1.70 eV) are in good
agreement with those determined from the temperature dependence of electrical conductivity.
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1. Introduction

Zinc oxide (ZnO) thin films have recently enjoyed considerable attention due to their applications as an
active semiconductor compound in transparent electronic devices. Several methods have been used to
grow ZnO thin films such as chemical vapor deposition, electro-deposition, the sol-gel technique, metal-
organic chemical vapor deposition, spray pyrolysis, r.f. magnetron sputtering, pulsed laser deposition,
etc. [1–7]. Another technique used in preparation of oxide films is the thermal oxidation of vacuum-
deposited metallic (Cd, Sn, In) films [8]. In this paper, ZnO thin films obtained by thermal oxidation of
Zn films evaporated in vacuum onto ITO/glass substrates are studied. Structural and optical properties
of so obtained ZnO films have been investigated.

2. Experimental

Metallic zinc was evaporated in standard vacuum equipment (10−5 Torr) onto unheated commercial
ITO/glass substrates, using the quasi-closed volume technique [9]. The temperature of the evaporation
source was maintained at 723 K during film deposition. After preparation, the as-deposited Zn films
(d = 100–160 nm) were oxidized by heating under ambient conditions at the rate of 12 K/min from
room temperature to 550 K. The crystalline structure of the studied films was investigated by X-ray
diffraction (XRD) analysis using Cu-K α radiation (λ = 1.5418 Å) in the range of 2θ = 20–80◦. The
films’ transmittance was measured using a UV-VIS spectrometer in the 350–1400 nm wavelength range.

3. Results and discussion

3.1. Structural characteristics

XRD patterns representative for as-deposited (Fig. 1b) and heat-treated (Fig. 1c) Zn films are shown
in Fig. 1. The XRD pattern of the ITO/glass substrate used for deposition of the studied films is
also shown in Fig. 1a. As follows from Fig. 1b, the as-deposited Zn films are polycrystalline and have
a hexagonal structure. The intense (002) reflection at 2θ = 36.3◦ indicates that, in respective films, Zn
microcrystallites grow predominantly with their (002) plane parallel to the substrate’s surface. Heating
up to the temperature of 550 K determines the oxidation of Zn films and the films’ transparence. The
well-defined (002) and (101) diffraction peaks shown in Fig. 1c, characteristic for the polycrystalline
hexagonal structure of bulk ZnO, indicate the formation of the respective compound, with preferred
(002) orientation of microcrystallites. Comparing the patterns from Figs. 1a and 1c one can conclude
that the annealing process does not affect the crystalline structure of the ITO substrate.

3.2. Optical properties

The reflection and transmission spectra of the sample shown in Fig. 1c are plotted in Fig. 2. Apparently,
heat-treatment determines an important increase in the film’s transmittance. The absorption coefficient
was calculated from the transmission spectra. Assuming allowed direct transitions, the (αhν)2 vs. hν

dependence has been plotted in Fig. 3. By extrapolating the linear portion of the plot to (αhν)2 = 0,
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Figure 1: XRD patterns typical for the studied films: (a) ITO substrates; (b) as-deposited; and (c) heat-
treated samples (the non-indexed peaks are of the ITO substrate)

Figure 2: Reflexion (bottom) and transmission (top) spectra for ZnO/ITO samples

Figure 3: (αhν)2 vs. hν plot for ZnO/ITO samples

175



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandP-74

the value of the optical band gap energy, Eg, has been calculated. The value of 3.16 eV obtained for the
optical band gap is relatively lower than those of ZnO single crystals (3.37 eV). This lower value of Eg

may be due to the greater density of donor states near the conduction band determined by the oxygen
vacancies.

4. Conclusions

ZnO films were obtained by post-deposition heating of Zn films evaporated onto ITO substrates. They
have a polycrystalline hexagonal (002)-oriented structure, an optical transmittance in excess of 80% and
a value of 3.16 eV for the optical band gap.
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Y4Al2O9 – yttrium aluminum monoclinic (YAM) crystals are known as a host matrix for solid-state
lasers. YAM belongs to monoclinic structures with space group P21/c and melts congruently at 2030

◦C.
Difficulties have been reported in YAM crystal growth and even in sol-gel synthesis [1]. Recently, the
sol-gel processes have been mainly investigated with addition of nitrates.
In the present research, nanosized powders of YAM, pure and doped with 3 at% Nd ions, were obtained

by the sol-gel method. A solution with ethylene glycol as the complexing agent and acetic acid was used.
No one-phased YAM was obtained from the solution without the complexing agent.
The gels were dried at 120◦C for 12 h and then ground in an agate mortar until fine powder was

obtained. The powder was annealed at 1100◦C for 12 h in air. The samples obtained from the solution
with ethylene glycol were one-phased and their crystallite sizes calculated from the Scherrer formula were
about 50 nm. The morphology of powders obtained from the solutions with and without the complexing
agent was different. All samples had large areas of agglomeration (several dozen µm) but those without
ethylene glycol had agglomerates with understructure.
The samples’ crystal structures were characterized with X-ray diffraction (XRD) using a Siemens

D-500 diffractometer with CuKα radiation at 1.548 Å. The size and morphology of nanopowders were
analyzed with scanning electron microscopy (SEM) performed with a DSM-950 microscope. The nanopow-
ders’ luminescence spectra and luminescence decay curves were recorded at room temperature.
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The equation of state of liquid metallic hydrogen is explored numerically. Investigations are carried
out at temperatures from 3000 to 20 000 K and densities from 0.2 to 3 mole/cm3, corresponding to
the experimental conditions under which metallic hydrogen is produced on earth and the conditions in
the cores of giant planets of the solar system such as Jupiter and Saturn. It is assumed that hydrogen
is in the atomic state and all its electrons are collectivized. The perturbation theory is applied in the
electron-proton interaction to determine the thermodynamic potentials of metallic hydrogen. The elec-
tron subsystem is considered in the random phase approximation with regard to the exchange interaction
and the correlation of electrons in the local-field approximation. The proton-proton interaction is taken
into account in the hard-spheres approximation. The thermodynamic characteristics of metallic hydro-
gen are calculated with regard to the zero-, second-, and third- order perturbation theory terms. The
third-order term proves to be essential at moderately high temperatures and densities, though it is much
smaller than the second-order term. The thermodynamic potentials of metallic hydrogen are monotoni-
cally increasing functions of density and temperature. The values of pressure for the temperatures and
pressures characteristic of conditions under which metallic hydrogen is produced on earth coincide with
the corresponding values reported by the discoverers of metallic hydrogen to a high degree of accuracy.
The temperature and density ranges in which the liquid phase of metallic hydrogen exists are found.
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The short-circuit current density’s dependence on the intensity of light, (jsc(I0)), is often studied
in order to analyze the influence of transport processes and charge carrier recombination on the perfor-
mance of organic photovoltaic systems [1, 2]. This work concerns bilayer organic photovoltaic devices
(M1|O1|O2|M2), consisting of two organic layers, O1 and O2, forming a planar heterojunction, O1|O2,
and electrodes, M1 and M2. Photogeneration of charge carriers is a result of exciton dissociation on the
O1|O2 interface. Electrons and holes are separated. Consequently, there is only electron current in one
organic layer and only hole current in the other layer. This means that charge carrier recombination and
photogeneration may be present only in a very thin layer, near the O1|O2 interface.

This work presents an analytical and numerical description of the jsc(I0) dependence for bilayer
organic photovoltaic devices. Taking into account a constant-field approximation [3] for the two organic
layers, a simple expression describing the jsc(I0) relationship has been derived. The influence of charge
carrier trapping in organic layers on the jsc(I0) is analyzed numerically.

The results obtained from theoretical calculations are compared with experimental jsc(I0) character-
istics.
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A lattice model of branched polymer chains was designed and studied. Its chains consisted of united
atoms (segments) in positions restricted to a [310] type lattice. The model macromolecules were star-
branched chains consisting of two kinds of polymer segments defined as hydrophilic and hydrophobic. The
applied force field consisted of the long-range contact potential between a pair of non-bonded segments
and of a local stiffness. We used a variant of the Monte Carlo method referred to as the pruned-enriched
Rosenbluth method (PERM) to study the static and thermodynamic properties of the model chain. The
static properties and structure of model chains were studied under a wide range of solvent conditions.
The influence of the number of arms on the process of their self-assembly was shown and discussed. The
applicability of the PERM method was compared with other simulation techniques (Replica Exchange,
Multi-histogram)
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Agglomerated magnetic nanoparticles of nickel coated with carbon and a low-concentration TEMP
spin probe dispersed in a paraffin matrix have been studied. Temperature dependences of the EPR/FMR
(ferromagnetic resonance) spectra have been recorded in a wide range of temperatures. Very intense EPR
spectra of the TEMP spin probe and a broad FMR line of nickel have been recorded throughout the
temperature range. The temperature dependence of the EPR line and the position of the spin probe’s
resonance line have been shifted towards low magnetic fields. After thermal annealing, the “soft” matrix
field with low concentration of magnetic nanoparticles could provide new arrangement of dipole-dipole
interaction which influence on the internal magnetic field.
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of N2O Condensates.
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A theoretical analysis [1] of the nucleation behavior of polar substances predicts the formation of a
variety of clusters: linear chains, branched chains and ring polymers during the condensation process.
Their particles have been found [2] to associate and form chains of dipoles aligned head-to-tail. According
to experimental data [3] polar molecules may be sufficiently associated in supersaturated vapors. In this
case, the vapor is composed of individual molecules and small, relatively stable complexes. In this system,
nucleation is initiated by chainlike clusters.The system may form a glassy structure with percolated
chains [4]. An interpenetrating network of uncollapsed dipolar chain clusters floating in a dispersion
medium is the model of a gel-like phase according to [1]. A convenient model object to investigate the
polar substance is solid N2O. This molecular crystal consists of asymmetric linear molecules with dipole
moment. The Pa3 space group describes the solid nitrous oxide’s structure, i.e. the molecular axes and
their dipole moments are directed along the 〈111〉 cube diagonals. Investigations were carried out by
the transmission electron diffraction technique with a special liquid-helium cryostat. Specimens were
prepared directly in situ by simultaneously depositing 99.99% pure N2O gas on the substrates consisting
of two parallel strips of different materials, amorphous carbon and fine-grained polycrystalline aluminum.
Condensation was realized at various temperatures. The gas was previously cooled in a condensation coil
passing through a vessel containing liquid nitrogen. The condensation of cooled N2O gas at 3.4 K led to
the formation of an anomalous state of the deposits. A non-crystalline phase was observed after sample
preparation. The diffraction pattern showed one bright broad halo in the position where the (111) and
(200) reflections of Pa3 phase were expected to occur. The obtained phase was stable at the helium
temperature. This disordered state of the condensates was very different from that of a typical simple

amorphous phase. Its unusual character became apparent during the annealing process. Heating the
samples above 11–12 K caused a surprising transformation. Bright point reflexes and a halo appeared.
The relative location and intensities of the diffraction peaks indicated that the transition resulted in the
growth of hexagonal-lattice nanoparticles, coexisting with an amorphous medium. The corresponding
calculation gave the following values of interplanar distances, and (hkl), respectively: 3.471 Å (100),
3.238 Å (002) and 3.072 Å (101). These peaks are important in establishing hexagonal symmetry. A new
phase transition occurred which had no analog in the phase diagram of the molecular crystals formed
from linear 3-atom molecules. The structure of condensates did not change at a constant temperature,
but the dimension of crystallites decreased. The point reflexes were transformed into diffraction circular
arcs. The temperature range in which the hexagonal phase existed was limited. On heating the samples
up to 28–30 K, the patterns changed quickly: the hexagonal reflexes disappeared and a halo was observed.
The new crystalline phase was stable up to 30 K, following which the crystallites collapsed. When the
annealed samples were cooled to the helium temperature at the initial stage of vanishing diffraction peaks,
some of these exhibited a weaker tendency to form the unusual phase. Upon warming by more than 30 K,
the hexagonal phase did not reappear on the subsequent cooling to the helium temperature, the change
being irreversible. The properties of phases with and without permanent molecular dipole moments were
studied to investigate the role of dipolar interaction in the nucleation process. The nearest analog of the
solid nitrous oxide is the solid carbon dioxide. As a molecule, CO2 is physically very similar to N2O,
except for its dipole moment. A study was carried out for CO2 condensates under the same conditions
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as the N2O samples in order to compare the results. It was established that the condensation of under-
cooled CO2 gas led to the formation of an amorphous phase. The diffraction reflexes did not appear upon
heating and cooling the samples. The obtained results confirmed that the presence of a dipole moment
was an important factor in the formation of this glassy state. When the condensation temperature was
increased to 10 K, the structure of as-grown samples corresponded to the disordered phase. Hexagonal
reflexes, a halo and traces of unknown peaks were observed upon heating. Above 30 K all crystallites
collapsed.

On the basis of the above experimental findings, we may suggest that these unexpected states of N2O
condensates are in many respects analogs of sol-gel glasses. The local structure of the obtained disordered
phase is actually quite different from the usual amorphous one. N2O aggregates were formed due to the
presence of critical nuclei in the cooled vapor. We believe that N2O nanoparticles of hexagonal structure
were present in the dispersion medium. The novel temperature behavior of the structural characteristics
during annealing may also be an indirect confirmation of this assumption. Although our techniques do
not allow obtaining direct information about nuclear shapes, one can assume that the presence of the
dipole moment is an essential factor for the formation of the gel-like state.
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Finite Element Analysis

of Deformation of Auxetic Plates
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A new field of challenge are studies of materials exhibiting negative Poisson’s ratio, first manufactured
in 1987 by R. S. Lakes [1] and later named auxetics by K. E. Evans [2]. Auxetic materials are those having
a negative Poisson’s ratio. Poisson’s ratio is a negative ratio of transverse dimension change to longitu-
dinal dimension change of a body when an infinitesimal change of a stress acting along the longitudinal
direction occurs whereas the other stress components remain unchanged [3]. Thus, when stretched along
one direction auxetic materials expand at least in one of perpendicular directions. Similarly, a contraction
along one dimension causes a contraction along at least one of perpendicular directions. Auxetics are of
interest both intellectually [4] and also from the point of view of potential applications [5].
In this work, shape deformation of auxetic thin plates is analysed using the finite element method.

Two kinds of square plates, of sides parallel to the x, y axes, respectively, were studied: (i) without any
fixed boundary conditions, (ii) with the ‘sides’ parallel to the x axis being fixed. In both cases, a uniform
stress acting along the x direction was symmetrically applied to those sides of the plate which were
perpendicular to the x axis. Qualitatively different deformations were observed in the two studied cases
when the Poisson’s ratio of the material tends to −1. In the first case the displacement vector at the sides
at which the stress is applied was parallel everywhere to the direction of the applied force. In the second
case, however, near to the corners of the plate, the displacement vector was antiparallel to the applied
force!
Thus, it has been shown that even for samples of very simple geometry, one can observe local be-

haviours characteristic to negative stiffness materials (i.e. unstable ones) for stable systems if their Pois-
son’s ratio tends to unity. This phenomenon can be of interest, e.g., in the context of the recent studies
of composites with inclusions of negative stiffness [6].
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Nitridation of SiO2–B2O3 Aerogels
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L. Wicikowski, L. Murawski
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SiO2-B2O3 aerogels were prepared by drying wet gels under supercritical conditions for ethanol in an
autoclave. Aerogels were nitrided for 6h in flowing ammonia at the temperature of 1200◦C. We have found
that the amount of nitrogen incorporated in these aerogels always exceed 20 wt%. This is much more
than the amount of nitrogen incorporated in the pure silica aerogel nitrided under the same conditions.
The specific surface area of SiO2–B2O3 aerogels was measured at 77 K by the single-point BET method
an the nitrogen adsorption technique. The values of specific surface area were between 311 m2/g and
360 m2/g. After nitridation, some shrinkage of aerogels was observed and the surface area decreases by
about 20%. Bands situated at 465, 800 and 1085 cm−1 were observed in the FTIR spectra of SiO2–B2O3
aerogels, typical for SiO2. However, a band at 1085 cm

−1 was very broad and extended to 1500 cm−1.
The absorption band between 1200 and 1500 cm−1 is characteristic for three-coordinated boron. After
nitridation, a shift of the 1085 cm−1 band towards the lower wavelenghts was observed, an indication
that Si–N and B–N bonds were formed in the nitrided aerogeles.
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Hyperfine Interactions in 2H13 Steel

Subjected to Ball Milling
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Improved physical properties of steel can be achieved through refinement of their structure down to

the nanocrystalline range. Ball milling is an effective technique for obtaining nanocrystalline materials.

Decreasing the crystallite size during ball milling is often accompanied by phase transformations of the

material. X-ray diffraction and Mössbauer spectroscopy are complementary methods of monitoring and

discerning the phases formed during ball milling.

This work is devoted to obtaining the nanocrystalline structure in 2H13 steel chips subjected to

ball milling in a planetary mill. An analysis of X-ray diffraction patterns was performed using the Hall-

Williamson method. It enabled determining the average crystalline sizes and the mean level of internal

strains at every stage of the milling process. Mössbauer spectra revealed a broad hyperfine distribution

of the magnetic field. The results obtained for nanocrystalline steel powders were compared with those

obtained for a bulk steel disc using the conversion electron Mössbauer spectroscopy.

186



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, Poland P-84

Elastic Properties of Soft Sphere Crystals

K. V. Tretiakov∗, K. W. Wojciechowski
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Various physical systems and phenomena have been described using inverse power potentials of the
form u(r) = ε(σ/r)n, where r is the separation between two particles, σ is the particle diameter, ε
sets the energy scale and the exponent n is a parameter determining the potential hardness (softness
being ∼ 1/n). Various physical systems can be described by changing the exponent, from one-component
plasma (n = 1) [1], through liquid alkali metals (small n) [2], molten aluminum, molybdenum and light
actinides (n = 6) [3], molecular liquids and solids (n = 6, 12) [4, 5, 6], granular materials, powders and
colloids (large n) [7] to hard spheres (n→∞) [8, 9]. One of the reasons of the rapidly growing interest in
systems interacting through the inverse power potential is that particles of varying softness can be used
for various applications.
In this work, the influence of potential softness on the elastic properties of soft spheres has been

investigated with Monte Carlo (MC) simulations. The elastic constants and Poisson’s ratio of soft sphere
f.c.c. crystals [10, 11] were determined using a constant pressure ensemble of variable box shape (NpT).
Particle motions under high pressure have been shown to decrease the Poisson’s ratio with respect to
the static case, corresponding to zero temperature. It has been also shown that Poisson’s ratio can nbe
reduced by increasing the exponent, n, in the potential. The simulations have demonstrated clearly that,
when T > 0, the elastic constants of hard spheres can be obtained by taking the limit n → ∞ for soft
spheres. When T > 0, the elastic constants of soft spheres tend to those of the static model for any
finite n.
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Theoretical Research of the Phase Stratification Process

in Binary Amorphous Alloys

V. I. Lysov, T. L. Tsaregradskaya∗, O. V. Turkov, G. V. Saenko, V. V. Yarysh

Kyiv Taras Shevchenko National University,

Glushkova 6, Kyiv, 03022 Ukraine

The process of phase formation of binary amorphous alloy Fe–Zr and Ni–Zr systems are considered
within the framework of the modified theory of homogeneous nucleation for binary alloys. A new ex-
pression is offered to describe the concentration dependence of relative free Gibbs energy for the initial
amorphous phase, which takes into account the dependence of entropy on the change of volume at alloy
formation. Concentration dependences are constructed of free Gibbs energy for the initial amorphous
phase, for amorphous phases occurring during phase stratification and crystal phases allocated at the fur-
ther phase formations. The obtained concentration dependences of relative integrated free Gibbs energy
for the initial amorphous phase are S-shaped (due to the great change of volume at alloy formation and
the negative value of entropy), which manifests the tendency of the researched alloys to stratification.
Volumetric parts of new phases for amorphous alloys are designed within the framework of the modified
theory of homogeneous nucleation for binary alloys. The results of calculations for amorphous alloys are
in accordance with the experiment: there is stratification within the limits of an amorphous condition
and 2 crystal phases are formed. The proposed equations are qualitatively adequate in describing the
process of phase stratification and further growth in the crystal phases, i.e. there is coordination of the
results of theoretical calculations with experiment.
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The Properties of a Heterojunction

Based on ITO/Poly(3,4-ethylenedioxythiophene):

Poly(Styrenesulfonate)/Pentacene/Al

P. Stakhira1, V. Cherpak1, Z. Hotra1,2,

B. Tsizh3, D. Volynyuk1, I. Bordun1
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A system analysis of ITO/poly(3,4-ethylenedioxythiophene): poly(styrenesulfonate)/pentacene/Al he-
terostructures has been conducted in view of their potential applications as photosensitive devices in the
visible spectral range.

The dark and photo current-voltage characteristics of a ITO/PEDOT:PSS/Pc/Al heterojunction has
been investigated. This structure has been shown to be characterized by rectifying properties, with
the rectification factor of 102 at ±2 V voltage. However, under small bias voltage (less than ±1 V), the
current-voltage characteristic does not exhibit exponential behavior. Such behavior of the current-voltage
characteristic appears with bias of more than 1 V. For direct bias under comparatively small voltage, the
current-voltage characteristic can be characterized by the Schottky junction formula.

The open-circuit voltage and short-circuit current for a ITO/PEDOT:PSS/Pc/Al heterojunction un-
der xenon lamp irradiation from the ITO side have been respectively determined as 1.2 V and µA/cm2.
Electrical impedance measurements in the frequency range between 10 Hz and 1 MHz are reported. These
dependencies can be modulated by an equivalent circuit, which is typical for the Schottky junction and
consists of two series of connected RC-sections characterizing the heterostructure’s spatial parameters,
barrier parameters and series resistance.
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Studied with EPR
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Powder samples of the CrSbVO6 compound were synthesized from a mixture of the relevant oxides by
the solid state reaction technique and investigated with electron paramagnetic resonance (EPR) in the
4–300 K temperature range. At room temperature, the EPR spectrum consisted of two widely different
components: a narrow (∼10 mT) line centered at gna = 1.967 and an intense, almost Lorentzian, broad
(∼100 mT) line at gbr = 1.975. The EPR spectral parameters (line width, g-factor, amplitude, integrated
intensity) of both components have displayed a marked thermal dependence. Of particular interest was
the temperature dependence of the broad component: its amplitude increased upon cooling from room
temperature, reaching a maximum at 50 K and, and decreased sharply during further cooling. The narrow
line in the EPR spectrum of CrSbVO6 was attributed to interacting V

4+ monomers, the broad line – to
spin clusters involving Cr3+ and V4+ ions.
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An FMR Study of γ-Fe2O3 Nanoparticles

in a PMMA Polymer
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Samples of nanocomposites consisting of γ-Fe2O3 (maghemite) nanoparticles embedded in a PMMA
polymer matrix in 5 wt% and 10 wt% concentrations were obtained and investigated by the electron
paramagnetic resonance technique. The ferromagnetic resonance (FMR) spectra obtained in the 3.5–
300 K temperature range were studied to reveal the magnetic interactions and the influence of the matrix.
A single, asymmetric line observed in the FMR spectra was decomposed into two Gaussian-shape lines
arising from maghemite agglomerates with magnetic easy axes parallel and perpendicular to the steady
magnetic field, evidence of the system’s magnetic anisotropy. An analysis of the FMR integrated intensity
allowed us to determine magnetic interactions in the maghemite subsystem. A study of the FMR spectral
parameters (g-factors, line widths) revealed the presence of a relaxation processes in the matrix.
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Application of a Laser Beam to Fabricate

Self-organizing Semiconductor Nanostructures

I. Virt∗, M. Kuzma, G. Wisz

Institute of Physics, Rzeszów University,

Rejtana 16a, 35-310 Rzeszów, Poland

In this report, induced growth of pentacene layers by the application of PLD method is presented.

A pulse laser with the wavelength of λ = 1064 nm and energy per pulse of 0.1–1.0 J was used. Al2O3
plates with Au microspecies on the surface were used as substrates. Pentacene nucleation was shown to

begin on gold “globules”, the growing islands having a pyramidal shape. Optical and scanning microscopy

investigations indicate that these islands are covered by pentacene of thickness much greater than the gold

globules’ height. We apply the results to a new method of fabricating structures containing quantum dots.
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Growth and Surface Properties of Pentacene Films
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Institute of Physics, Rzeszów University,

Rejtana 16a, 35-310 Rzeszów, Poland

Pentacene is a very promising material for organic thin film transistors (OTFT). Organic films offer the
possibility of producing mechanically flexible and low-cost devices. For quality devices, it is necessary to
understand the growth processes in order to to control and optimize the material’s structure, which affects
the devices’ functional properties. From a wide variety of organic materials, researchers’ interest is focused
on pentacene (C22H14) [1, 2, 3]. Its the growth model on all substrates in the substrate temperature range
of 25◦C ≤ TS ≤ 70◦C has been found to be diffusion limited aggregation [1]. In this work we present the
result of producing pentacene films through pulse laser deposition (PLD). Pentacene films were obtained
using the first (λ = 1064 nm) and second (λ = 532 nm) harmonics of a YAG:Nd3+ laser. Layers were
grown at room temperature on various types of substrates: glass/ITO and silicon with mirror-polished
or chemically patterned (pyramidal and plate-like) surface. The influence of the PLD process parameters
(fluency, laser wavelength and pulse duration) on the layers’ quality was studied. Surface morphology
was investigated by optical and scanning electron microscopy. Some self-organization modes of layers’
growth were noticed. Fluency and wavelength were shown to have a fundamental influence on the layers’
quality. For layers obtained using the first harmonic (λ = 1064 nm) the surface heterogeneities were
observed in the form of a spheroid formation and in the particle agglomerations. Deposition with the
second harmonic (λ = 532 nm) leads to a reduction in the number and size of heterogeneities and the
formation of relatively uniform films.
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Formation and Stabilization of Nanocrystalline Thin Films
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A thermodynamic description of the kinetic formation of double-phased nanocrystalline “amorphous–
crystalline” systems prepared by vacuum technologies is considered. Condensation was carried out on
sital isotropic substrate at room temperature with speed from 2 up to 30 nm/s. (La,Y,Sc)15(Fe,Co)18
Ge67 thin films of thickness (40 ≤ h ≤ 200 nm), obtained under amorphous conditions, were heated in
a pre-crystallization range of temperatures until the occurrence of crystallites. The structures’ formation
and dispersion was investigated with electron microscopy. The electrical and magnetic properties were
investigated as well.

It was established that the temporary and temperature stabilization of the physical properties of such
materials depends on the thermodynamic parameters of their reception. A film of ternary compounds
(80 ≤ h ≤ 150 nm), received at a growth rate of vg < 10 nm/s was characterized by structural stability
of one year and more, high resistivity (ρ ≈ 10−5 Ohm·m), small value of the coercive force (Hc ≈ 2
up to 8 Oe) and magnetoresistance (−0.2 ≤ ∆ρ/ρ ≤ −1.2 · 10−3). Increasing the growth rate (5 ≤ vg ≤

20 nm/s) during thin films’ deposition (vg > 10 nm/s) reduces the stability of nanostructures such as the
so-called amorphous-crystalline phase more than 4 times, though such methods of condensation promote
the formation of such nanocrystalline structures as the so-called crystalline-inter crystalline boundary.

It has been established that the influence of clusters formation kinetic at process nanocrystallines
formation during crystallization amorphous thin films. The connection between the initial stage of con-
densate formation with the kinetic formation, properties and condensate stabilization has been obtained.
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We report on observations of the magnetic-field-tuned superconductor-insulator transition (FSIT)
found in a new type of nano-scaled two-dimensional superconducting films. A new class of superconduct-
ing nano-structures has recently been discovered arising at the interface of epitaxially-grown semicon-
ducting AIVBVI heterostructures consisting of monochalcogenides of various metals with a NaCl-type
cubic lattice [1, 2, 3]. The most remarkable property of these heterostructures is their superconductiv-
ity at transition temperatures high for semiconductors, Tc≤6 K. Superconductivity is inherent only to
heterostructures, while individual materials that constituting them are not superconductors. It has been
shown that metallic-type conductivity and superconducting transitions are exclusively connected with
the thin interface layer between two semiconductors. The interfaces of such systems contain the regular
grids of misfit dislocations [2, 3]. The inhomogeneous elastic stress created by dislocations gives rise to the
band inversion in narrow-gap semiconductors (PbTe, PbS, PbSe) near the interface. Due to the strong
periodic stresses, the conducting layer located at the interface appears to be a nano-net with a period of
3.3–40 nm (depending on the monochalcogenides used). Such nano-circuits display 2D properties [3].
We have studied the transport properties of PbTe/PbS and PbTe/YbS heterostructures in magnetic

fields up to H = 5 T, at temperatures of Tc = 1.8–20 K. Resistive transitions, R(T ), are broadening at
the increase of magnetic field perpendicular and parallel to the interface. The onset of FSIT is observed in
high magnetic fields (resistance increase of about 10%). Typical features of FSIT have been observed: the
fan-like set of resistance curves, R(T ), negative magneto-resistance and crossing at a single point of R(H)
curves. Importantly, manifestations of FSIT are more visible on samples with obvious defects of nano-
nets. Peculiarities of Hc(T ) dependences and manifestation of FSIT have been found to be correlated.
It seems that, in our case, FSIT is connected with a non-perfect dislocation grid and the presence of
weak Josephson links. The nature of FSIT in the studied systems is most probably associated with the
percolation phenomenon. The present studies will be continued in higher magnetic fields and at lower
temperatures.
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II-VI semiconductor nanoparticles attract much attention because of their size-dependent properties

and promising applications in optoelectronics. ZnS is a II-VI material of potential applications as window

layers of solar cells, in data storage and transfer, coatings sensitive to UV light, etc.

In this work, ZnS nanoparticles were obtained by the wet chemical method. Nanoparticles were pre-

pared by a co-precipitation reaction from homogenous solutions of zinc acetate and manganese acetate.

Sodium sulfide was added, resulting in the formation of white precipitate of ZnS nanoparticles stabi-

lized using sodium tripolyphosphate and sodium hexametaphosphate. In our experiment, we used equal

amounts of both polyphosphates. The nanoparticles’ AFM images were analyzed and their size distri-

bution estimated. Temperature-dependent conductivity measurements of ZnS nanoparticle layers were

performed. The layer of ZnS nanoparticles exhibited semiconductivity.
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Thin metal oxide films for WO3-based electrochromic systems prepared by spray pyrolysis on SnO2 :
F-coated soda lime glass, at substrate temperatures of 670–720◦C, were characterized for their mor-
phology and electrochromic properties in the electrochemical cells of a smart window arrangement, using
organic-inorganic gel hybrid electrolytes. Lithium ion-doped hybrid materials for the electrolytes were ob-
tained by the sol-gel route from tetraethyl orthosilicate (TEOS) with ca. 30–35 wt% of organic additives
and solvents. Coloration-bleaching behavior in the visible and near-infrared range of the spectrum and
current-voltage characteristics were observed, using prepared hybrids as electrolytes. The hybrid materi-
als’ morphology and structure were characterized by scanning electron microscopy with energy dispersive
X-ray spectroscopy (SEM/EDX) and Fourier Transform Infrared Spectroscopy (FTIR). FTIR analysis
results have revealed [SiO4] poly-condensation of tetrahedrons strongly influenced by organic additives
and confirmed the hybrid nature of the gels, resulting in chemical bonding between their organic and
inorganic parts. Room-temperature ionic conductivities of the hybrid electrolytes were in the range of
10−4–10−3 Ω−1cm−1.
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Magnetic Interactions at High Temperatures

in M3Fe4V6O24 Studied with EPR
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Multicomponent vanadates, M3Fe4V6O24 (M = Zn(II) and Mn(II)), were synthesized using the solid
state reaction method from MO, V2O5, Fe2O3 metal oxides. The temperature dependence of the electron
paramagnetic resonance (EPR) spectra was performed in the 90–290 K temperature range. Both the
thermal dependence of the resonance field and the integrated intensity of the EPR line had a minimum
at ≈ 230 K. A comparison with a similar study on theM3Fe4V6O24 (M = Mg(II) and Cu(II)) compounds
has been made. The observed behavior of the EPR integrated intensity is similar to that reported for
the nanoscale system of exchange coupled magnetic ions. The thermal effect of EPR parameters is more
pronounced if two different magnetic ions are present in the same sub-lattice. The short-range ordered spin
clusters’ interaction and reorientation in the high temperature range could change the effective internal
magnetic field, which in turn could change the resonance condition and shift the observed resonance line.
This behavior is attributable to the inherent magnetic inhomogeneity of the system (magnetic multiphase)
due to the presence of different valence states of magnetic ions.
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Vanadium Paramagnetic Centers in a New Double Vanadate,

Zn2InV3O11, Studied with EPR
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A new multicomponent vanadate compound, Zn2InV3O11, has been synthesized and investigated
using the electron paramagnetic resonance (EPR) technique. The Zn2InV3O11 compound is isostructural
with M2FeV3O11 (M = Mg, Zn, Co, Ni), a magnetic system studied earlier. According to the nominal
stoichiometry of the Zn2InV3O11 compound, all ions should be nonmagnetic, but the registered EPR
spectra in the 4–300 K temperature range have revealed the presence of a rich variety of paramagnetic
centers, predominantly monomeric, dimeric and clusters of V4+ ions. The most intense EPR component,
attributable to the VO2+ vanadyl ions of axial symmetry, displayed a well-resolved hyperfine structure.
The presence of a complicated spectrum at low magnetic fields (g ≈ 4.4) and a broad line at g ≈ 2 has
confirmed the existence of vanadium dimers. In the 270–310 mT magnetic field range, a spectral feature
attributable to vanadyl spin clusters was observed at temperatures above 80 K. The role of oxygen
deficiency in the appearance of the observed magnetic centers has been discussed. A comparison with
the previously studied Mg2InV3O11−δ compound has been made and the influence of specific cations on
magnetic defect centers has been considered.

Acknowledgements

This work partially supported by grant PBZ-KBN-1311/T09/2005/29.

∗Corresponding author: grzegorz.zolnierkiewicz@ps.pl

199





LAST-MINUTE ABSTRACTS



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandL-28
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It is shown that in many cases an adequate description of optical spectra of semiconductor quan-

tum dots requires a treatment beyond the commonly used adiabatic approximation. We have developed

a theory of phonon-assisted optical transitions in semiconductor quantum dots, which takes into account

non-adiabaticity of the exciton-phonon system. Effects of non-adiabaticity lead to a mixing of different

exciton and phonon states that provides a key to the understanding of surprisingly high intensities of

phonon satellites observed in photoluminescence spectra of quantum dots. The breakdown of the adi-

abatic approximation gives an explanation also for discrepancies between the serial law, observed in

multi-phonon optical spectra of some quantum dots, and the Franck-Condon progression, prescribed by

the adiabatic approach.

I discuss the breakdown of the adiabatic approximation in terms of Feynman’s Ordered Operator

Calculus and a connection is made with the more general phenomenon of effectively enhanced polaron

effects in the systems under discussion.
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Electronic Structure of Y3Al5O12 : V Single Crystals –

Comparison with Sintered Ceramics
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Y3Al5O12 (YAG) single crystals doped with vanadium ions(V
3+) have been obtained by the Czochral-

ski method. The thermal system consisted of a 53 mm outer diameter, 50 mm high and 1.5 mm wall
thickness iridium crucible, in passive iridium afterheater placed around the crucible top on the grog,
and alumina heat shields around the afterheater. A charge material was prepared on base of high purity
oxides: Y2O3(5.0N), Al2O3(5.0N) and V2O5(4.5N) as a dopant.
The concentration of V5+ ions was 0.80 at%. The growing atmosphere was pure nitrogen. The following

conditions of the growth processes were applied: growth rate 0.6–1.2 mm/h; rotation rate 5–20 rpm;
cooling after growth – at least 24 h. The obtained single crystal up to 20 mm in diameter and 65–70 mm
in length were free of macroscopic defects and inclusions of other phases (Fig. 1).

Figure 1: The YAG single crystal

The samples for measurements were taken from the crystal by slicing for a wafer ∼ 1 mm thickness,
and double sides polishing. A part of this wafers were annealed in reduction atmospheres:

1. in hydrogen at 1200◦C for 10 min,

2. in vacuum at 1750◦C for 5 hour,

3. first in hydrogen at 1200◦C for 10 min and next in vacuum at 1750◦C for 5 hour.

After annealing the wafers were slowly cooled down to room temperature.
Recently the YAG ceramics were synthesized to replace the YAG single crystals. These ceramics, which

are characterized with similar to the YAG single crystals optical properties, were obtained to increase
the doping range, simplify technological process and lower costs. Moreover, there is possible obtaining of
ceramics shapes with bigger size than single crystals grown by the Czochralski method.
X-ray photoelectron spectroscopy was used to study the chemical composition and electronic structure

of the YAG : V single crystals. For comparison the ceramics were investigated.

203



Parallel conferences on advanced materials

The 4th International Workshop on Functional and Nanostructured Materials

The 8th Conference on Intermolecular and Magnetic Interactions in Matter

1– 6 September 2007, Gdansk, PolandP-98
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of Magnetic Nanoparticles
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Concrete samples containing low concentration (0.6 wt%) of agglomerated magnetic nanoparticles of
cobalt (Co/C) or iron carbide (Fe3C/C) coated with carbon have been synthesized. The durability of sam-
ples with and without magnetic nanoparticles on griping, bending and cramping have been investigated.
Twelve different samples have been prepared and tested during 30 days to detect variation in griping,
bending and cramping properties. The durability processes of bending for concrete without and with
nanoparticles have showed measurable differences. During the initial stage samples with nanoparticles
were more resistant to bending except samples with cobalt nanoparticles which displayed a decrease of
about 7%. Samples with iron carbide agglomerates have shown an increasing of resistance to bending in
comparison to undoped concrete after one week. 30 days later in both cases the bending slowly decreased
for samples with magnetic nanoparticles. The durability for griping after 30 days has decreased of about
7% for samples with cobalt and 10% with iron carbide. The cramp has increased about 30% for sample
with cobalt ions why no change was observed for samples with iron carbide. The FMR investigation has
shown that the resonance line is shifted more intensely for samples with cobalt and it was suggested that
this process could be connected with cramp caused by decreasing temperature after the freezing [1]. This
kind of study could be very important for magnetic shielding effects and the selection of optimal condi-
tions for building materials with magnetic nanoparticles could be useful for new technological solutions
increasing functionality of these materials.
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