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ABS01

Can auxetic mechanisms be used to make domes?

D. Attard1, D. Calleja1, J. N. Grima1,2

1Metamaterials Unit, Faculty of Science, University of Malta
Msida MSD 2080, Malta

2Department of Chemistry, Faculty of Science, University of Malta
Msida MSD 2080, Malta

Over the years, a number of planar systems have been identified for their potential
to exhibit in-plane auxetic behaviour. It has been shown that a number of these
systems adopt a double curvature in response to bending. This work proposes a novel
concept through which a doming effect can be obtained in auxetic systems. The
concept is illustrated on a chiral honeycomb, one of the earliest systems identified to
exhibit auxetic behaviour. It is shown that by introducing constraining elements to
the system to suppress its in-plane expansion, the structure can be forced to deform
out-of-plane, providing that the same mechanism that leads to auxeticity in-plane
can be induced by means other than uniaxial loading. This doming effect is confirmed
through 3D printed ABS prototypes. Simple mathematical models show that the
extent of doming can be controlled by the parameters that define these system.
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ABS02

“Spin-Battery” – Effect on Dielectric Nanofibers

in a System of Magnetic Nanoclusters

O. Balaban, I. Grygorchak, B. Lukiyanets

Department of Applied Physics and Nanomaterials Science
Lviv Polytechnic National University
Bandera 12, 79013 L’viv, Ukraine

Attempts have been made recently to actively introduce nanotechnology into the
practical use. The objects of such research have been nanofibers, as a type of two-
dimensional nanoscale materials. They have large specific surface due to small fiber
diameters and high porosity. Continuous ultra-thin polymer sheets, from tens to hun-
dreds of nanometers in diameter, may be obtained by a widely used method of elec-
trospinning. They are interesting as materials for the manufacture of filters, tissue
engineering, protective clothing, catalysis, ceramic fibers, drug delivery systems and
many other applications. A set of unique properties of nanofibers opens up wide pos-
sibilities for their use in nanoelectronics and molecular power engineering.

In this paper, we synthesized a polymer-inorganic nanofiber (NF/γ-Fe2O3), based
on polyvinyl-pyrrolidone, with magnetic γ-Fe2O3 nanoparticles, and modified by
a polymer shell matrix compatible with the polyvinyl-pyrrolidone. Such technology
allows achieving unique magnetosensor properties attractive for the practical use of
the “spin-battery” effect, which is a basis of a fundamentally new kind of power
generating devices – spin capacitors.

The impedance measurements were performed in the frequency range of 10−3–
106 Hz in the measuring complex of “Autolab” firm “Eco chemie” (Netherlands),
equipped with the FRA-2 and GPES computer programs. Cyclic voltammetry (CV)

Figure 1: CV curves, measured along the NF/γ-Fe2O3 surface under normal conditions (1)
and in magnetic field (2)
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was recorded at a rate of the sweep voltage of 0.05 V/s. The magnetic field tension
was 2.75 kOe.

A strong change of the polarization properties of NF/γ-Fe2O3 in the magnetic
field can indicate the presence of a spin electromotive force. Indeed, as seen from the
CV curves (Figure 1), the value of the “spin-battery” effect in the applied magnetic
field reaches 410 mV, which is almost 23 times higher than found at the temperature
of 3 K in a magnetic field of 10 kOe. The extraordinary behavior of the CV curves due
to the appearance of spin EMF should be noted, namely the CV curves (Figure 1)
show oscillation, both when measured in normal conditions and in a magnetic field.
However, it still acquires a changeable character in a magnetic field (curve 2).

Such behavior of the CV curves may be related to the following. Based on the
architecture of synthesized nanohybrids, it is most likely assumed that grafted mag-
netite nanoclusters are an ensemble of quantum dots, located on nanofibres. It means
that the charge transfer will be determined by its tunneling and by its limitation
by a localized charge, similar to the Coulomb blockade. Minority carriers will be lo-
calized in quantum wells creating an energy barrier for majority carriers. In these
extraordinary cases, the behavior of the dynamic CV curves is peculiar.
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We consider a spin-1/2 XY model of a magnetoelectric with the Katsura-Nagaosa-
Balatsky mechanism (KNB) [1] on a chain with a zigzag structure of bonds between
local magnetic moments. The Hamiltonian reads:

H = J
N∑

i=1

(
Sx

i Sx
i+1 +Sy

i Sy
i+1

)
−h

N∑

i=1

Sz
i −J

N∑

i=1

E ·Pi,i+1.

Here h is an external magnetic field, J is the nearest-neighbors exchange interaction, E
is an external electric field normal to the z-axis (i.e., the electric field is (Ex,Ey,0)),
and Pi,i+1 ∝ [ li,i+1× [Si ×Si+1]] is the bond polarization, where li,i+1 is the unit
vector pointing from the ith site to the (i+1)th site. It should be noted that the x,
y, and z axes coincide in the real space and in the spin space.

Using the Jordan-Wigner transformation, the Hamiltonian is reduced to a free-
fermion form, and can be solved exactly. The ground-state phase diagrams are con-
structed and the magnetic and electric field dependence of magnetization and polar-
ization at zero temperature and different values of angles θ and α (see Figure 1) is

Figure 1: Zigzag ladder with indicated system axes, electric field vector E, polarization P,
and unit vector pointing from ith site to (i+1)th site
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calculated. It is shown that zigzag geometry leads to the appearance of additional
quantum phase transitions in comparison with the case θ = 0 [2]. It turns out that
the polarization vector in the xy-plane is not collinear to the electric field. Thus, the
zigzag geometry and the KNB mechanism lead to the anisotropy of the dielectric
properties. Furthermore, it is established that it is only in the case α = θ that the di-
rection of polarization (i.e., angle γ) does not depend on absolute values of magnetic
and electric fields.
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The development of new materials based on noble metal nanoparticles (Au, Ag,
Pt) has been of great interest recently due to their application in various fields of
science and technology, including surface enhancement Raman spectroscopy. The use
of materials based on branched gold nanoparticles enables achieving the greatest
Raman signal enhancement due to the electric field concentration on the nanoparticle
surface inhomogeneities.

In this connection, the development of new materials based on branched gold
nanoparticles (nanostars, nanoflowers) with a precision controlled size and morphol-
ogy is a current task.

The aim of the work was to produce mono- and multilayer film structures based
on Au nanostars, to study their optical properties and establish a correlation between
the morphology of Au nanoparticles and their properties. Monolayer film structures
based on Au nanostars on glass substrates were obtained by template synthesis which
allowed controlling the degree of filling the substrate with Au nanoparticles in the 30–
80% region. Multilayer film structures based on alternating polycation/nanostar layers
were produced by the layer-by-layer method using poli(diallildimethyl)ammonium
bromide as the polycation, the number of adsorption cycles varied in the range of 1–
5. The layer-by-layer method allows producing film structures with different thickness
without nanoparticle aggregation on the substrate surface.

The film morphology and structure were investigated by transmission and scan-
ning electron microscopy, the film composition was studied by X-ray photoelectron
spectroscopy. The optical properties were investigated by Raman spectroscopy and
optical spectrophotometry.

The study of the optical properties of the obtained film structures based on Au
nanostars showed that two surface plasmon resonance (SPR) maxima in absorp-
tion spectra for monolayer films based on Au nanostars with (72±16) nm average
nanoparticle size and the 30–80% filling degree of the substrate were observed: trans-
verse SPR in the region of 620 nm and longitudinal SPR in the region of 950 nm.
In the case of multilayer films based on nanostars with the (55±14) nm average
nanoparticle size, one SPR maximum was observed in the region of 600 nm. With
increasing the substrate surface filling degree in the case of monolayer structures
and the number of adsorption cycles in the case of multilayer structures, the in-
tensity of the lines in the absorption spectra increased. The obtained mono- and
multi-layer film structures based on gold nanostars were studied as substrates for
surface enhanced Raman spectroscopy. The Raman signal enhancement factor of the

19



ABS04

test molecules of a rhodamine 6G dye using monolayer structures was at 104 times
higher than that for multilayer structures and reached 106, the dye concentration
was 10−5 M.
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The acceleration of growth of the world’s primary energy consumption in the
past 30 years (reaching 13000 MToe (million tons of oil equivalent) in 2014) and
the continued heavy reliance on fossil fuels over renewable energy sources (despite
intergovernmental regulation policies such as the Electronic Vehicles Initiative, the
Mandatory CO2 gas emission reduction targets, etc.) paint an alarming picture of
today’s energy situation. Meanwhile, much of the consumed energy is lost to waste
heat through all levels of human activity. For example, the thermal loss consists of
20 to 50% of the total energy consumption across different industrial sectors [1] and
as much as 60–70% in the current gasoline and/or diesel powered vehicles (see, for
example, https://energy.gov/eere/vehicles/waste-heat-recovery). In such context, if
even a small fraction of the waste-heat could be converted into more useful forms of
energy (e.g., electrical, mechanical, etc.), it would result in tremendous savings to the
global energy consumption.

It is known that heat recovery can be practically accomplished in the Peltier de-
vice, where the temperature gradient is utilized to achieve some amount of potential
difference between the junctions, and in turn – the electrical current and the power.
Two unique semiconductors, one n-type and one p-type, are used because they need to
have different electron densities. The semiconductors are placed thermally in parallel
to each other and electrically in series and then joined with a thermally conducting
plate on each side. The Peltier systems are commonly utilized, for instance, in ra-
dioisotope thermoelectric generators (RTGs) in many satellites and space probes as
a power source. One good example is Voyager 1 – a space probe launched by NASA
on September 5, 1977 to study the outer Solar System. The Voyager 1 probe is still
operating in space.

The problem with the traditionally used thermoelectric materials is their efficiency,
typically measured by the Seebeck coefficient. The best semiconductor for those ap-
plications currently known on the market is bismuth telluride, for which the Seebeck
coefficient is 287 µV/K at 54◦C. This material is also toxic and expensive. Actually
solid semiconductors achieved their upper limit in thermoelectric conversion several
years ago. Fortunately there are other possibilities.

It has been demonstrated that ionic liquids – and an appropriate redox couple
dissolved in them – can play a role similar to that played by a bismuth telluride
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semiconductor in “traditional” thermoelectric devices. The ionic liquid is a salt in the
liquid state and it is mostly made of ions and short-lived ion pairs. When dissolved
in ionic liquids, redox couples were thought to play the same role as typical redox
couples in typical solvents, i.e. being responsible for the current flow in liquids. Like
the ions present in the system (ionic liquid + redox couple(s)) they take part in the
reduction/oxidation processes occurring at electrodes in cells which leads to a poten-
tial difference between two electrodes. It was also assumed that the flow of ions was
caused by the heat flow whereby it was possible to speak about the thermodiffusion
of ions. In the current work we show the idea of a novel type of a thermo-electric
device based on the ionic-liquid material, and the results of quantum calculations
of the redox reactions which were theoretically developed according to the types of
ions present in thermogalvanic cells. We utilized the so-called Born-Haber cycle to
determine the redox potentials of all the assumed half-reaction reactions and thereby
determined which ions were responsible for the involvement in the current flow in the
cells. The tendency of any ion to lose or gain electrons can be determined by calcu-
lation of the redox potentials. Moreover, its value calculated for all selected reactions
can be widely compared and can indicate the mechanism of electron conductivity
present in ionic-liquid based thermogalvanic cells.
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I will review the results of recent ab initio simulations of liquid Li, Na, Rb, Pb
and Si metals in a wide pressure range. Special interest is given to pressure-induced
new features in the structure of liquid metals and how these new features are reflected
in their single-particle and collective dynamics.
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Nano-sized spinel ferrites with the generic formula MeFe2O4 are very important
materials because of their interesting structural, electrical and magnetic properties
as well as their chemical and thermal stabilities. Spinel ferrites have exceptional po-
tential applications in many fields, such as satellite communication, memory devices,
filters, microwave absorbing materials, computer components, antenna rods, magnetic
recording media, ferro-fluids, transformer cores, cancer treatment, and magnetic res-
onance imaging [1]. Inter alia, ferrite NiFe2O4 has been the subject of an extensive
technical and fundamental study both in its pure form as well as its substituted form
in which various isovalent and non-isovalent metals are made to replace the Fe3+ ions.

Synthesis of ferrite nanoparticles through the sol-gel auto-combustion (SGA)
method is a unique combination of ignition and chemical gelation processes. This
method has the advantages of simple preparation, cost-effectiveness and a gentle
chemistry route resulting in ultra-fine and homogeneous powder. The ability to obtain
a single-phase ferrite nano-sized magnetic nanostructure with a controllable particle
size and size distribution will improve its adequacy in a wide range of potential and
technological applications. This synthesis method can produce fine, high-purity, stoi-
chiometric particles of single and multi-component metal oxides.

The aim of this work was to create and study nanoparticles of NiCrxFe2−xO4 sys-
tems, using the SGA technology. After completing the auto-combustion process, the
only phase which corresponds to the cubic structure of the spinel space group Fd3m
was obtained. Distances between ions of the elementary lattice of the spinel structure
were calculated. The average size of coherent scattering regions of powders was found
to be in the range of 23 to 43 nm. It was found that the X-ray density dx and an-
ionic parameter u increased, however, the lattice parameter a decreased linearly with
the increasing content of Cr3+ ions [2]. The specific surface area SΣ of the investi-
gated powders was in the range 7.2–17.1 m2/g. In nickel-chromium ferrite powders
micro- and mesopores are present. Mesopores with effective diameter of 3.9 nm are
dominating.

The results of the study of the dielectric properties of nickel-chromium ferrites are
shown in the temperature range 298–723 K in the frequency range of 10−2–106 Hz.
With increasing frequency the real ε′ and imaginary ε′′ components of the dielectric
permeability decrease through the contribution to the polarization processes at grain
boundaries. It is shown that the conductivity of NiCrxFe2−xO4 ferrites also increases
with the increasing temperature. It is found that the Vervey jump conductivity mech-
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anism is dominated at low temperatures and the conductivity is described by the band
model in the high temperature range.
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“Wine-rack” systems are arguably the simplest mechanical systems which are
known to potentially exhibit various anomalous mechanical properties such as negative
linear compressibility, negative thermal expansion and a very high positive Poisson’s
ratio.

This paper asks a simple question: Can these systems be auxetic for particular
loading conditions? This question is answered trough an analysis which involves ana-
lytical and molecular modelling where it is shown that even the simplest of wine-rack
systems, that which have all sides equal in length, may exhibit auxetic behaviour
when loaded in particular directions.
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Recently, considerable attention of scientists has been aimed at studying the prop-
erties of nanosized materials. One of the aspects of such studies is clarification of the
dependence of the luminescence intensity on the nanoparticle size. Such studies will
allow us to determine the optimum size of nanoparticles with acceptable scintillation
parameters.

At present, the dependence of the luminescence intensity on the nanoparticle sizes
has been investigated for a number of compounds [1,2], including SrF2 [3], however,
such studies have been conducted at room temperature only. The literature data
on how temperature affects the processes of relaxation of electronic excitations in
nanoparticles is not available. Therefore, it is important to compare the dependence
of the X-ray excited luminescence intensity of SrF2 nanoparticles on their sizes at
different temperatures.

In the work, SrF2 nanoparticles were synthesized by chemical co-precipitation. As
a result of such synthesis nanoparticles with sufficiently small sizes of ≈ 20 nm were
obtained. In order to obtain SrF2 nanoparticles of a different size, the nanoparticles
were annealed at the temperatures of 200, 400, 600 and 800◦C and their sizes were
30, 45, 65 and 85 nm, respectively.

The intensity of self-trapped exciton luminescence under X-ray excitation at the
temperature of 77 K in SrF2 nanoparticles reveals weaker dependence on the nanopar-
ticle size than at room temperature. For nanoparticles with the smallest size (20 nm)
at the temperature of liquid nitrogen the relative intensity of X-ray excited lumines-
cence is 6 times higher than at room temperature. At the same time the intensity
of luminescence almost does not change with decreasing temperature for a single
crystal.

It is assumed that such difference in the dependence of the intensity of X-ray
excited self-trapped exciton luminescence on the temperature in a single crystal and
in nanoparticles is caused by the diffusion of self-trapped excitons, which leads to their
non-radiative relaxation on the nanoparticle surface. As the temperature decreases,
the average diffusion length of the self-trapped excitons decreases too, therefore, in
the case of T = 77 K the relative intensity of the X-ray excited luminescence of small
SrF2 nanoparticles is higher than that at room temperature.

The study of the influence of nanoparticle sizes on the intensity of self-trapped
exciton emission can be used to evaluate the mean diffusion length of nanoparticles.
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We report changes in structural and dynamical properties of molten silicon by
ab initio molecular dynamics simulations. Seven thermodynamic points in the pres-
sure range from 10.2 to 27.5 GPa above the melting line were studied by means of
simulations of 300 particles interacting via PAW potentials (VASP package). The
exchange-correlation functional was taken in generalized gradient approximation in
the form of PBE (Perdew-Burke-Ernzerhof). The studied pressure range is especially
interesting because there are several different phases for the crystalline silicon and
one of the issues to clarify by the simulations was a possible correlation in structural
changes in the liquid and crystalline phases.

Pair distribution functions g(r), angular three-particle distribution functions and
the number of nearest neighbours were calculated for analysis of structural features
in the liquid Si at high pressures. Diffusion coefficients, spectral representation of
velocity autocorrelation functions, longitudinal and transverse dispersion curves are
reported for the pressure dependence of dynamical properties of liquid Si.
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Luminescent nanocomposite biomarkers based on fluorescein have been recently
used for identification and separation of biological objects [2]. The main disadvantage
of organic based biomarkers is their rapid photodegradation. Therefore, methods of
controlled nucleation of luminescent inorganic salts, oxides and colloids of nanoparti-
cles doped with lanthanide ions based on borates and vanadates (Y, La, Lu and Gd)
compounds with luminescence that is effectively excited in the range of 340-390 nm
are actively developed. In addition, these nanocomposites are promising materials for
ionizing radiation sensors due to their high operation speed and low cost of manufac-
ture.

YVO4:Eu nanoparticles obtained by the precipitation method were about 10 nm
in size. As-synthesized nanoparticles were annealed at the temperatures of 400, 600
and 800◦C resulting in an increase in the nanoparticle size to 39, 40 and 45 nm, re-
spectively. The composite was based on polystyrene containing luminescent impurity
p-Terphenyl and the POPOP wavelength shifter. The method of chemical homoge-
nization involving a solvent with subsequent evaporation was used for composite film
preparation. Polystyrene film composites with YVO4:Eu nanoparticles obtained in
this way have good transparency and homogeneity.

The luminescence intensity of YVO4 nanoparticles increases linearly with the in-
creasing concentration of europium to 10% and decreases with the decreasing nanopar-
ticle size due to the escape of photoelectrons from the nanoparticle volume. The lumi-
nescence spectra of polystyrene without inorganic nanoparticles contain a weak peak
with a maximum at 420 nm, which is typical for the emission of the POPOP wave-
length shifter. The emission band of p-Terphenyl at 380 nm is not observed, which
indicates effective energy transfer from p-Terphenyl to POPOP.

The luminescence spectra of the polystyrene nanocomposite contain bands char-
acteristic for luminescent impurities of p-Terphenyl (370 nm) and POPOP (420 nm)
and for YVO4:Eu nanoparticles (main band at 617 nm). It should be noted that
an increase in the luminescence intensity of both polystyrene nanocomposites and
YVO4:Eu nanoparticles is observed in such system.
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It should be noted that the luminescence intensity of YVO4:Eu nanoparticles
20 nm in size is very weak, and the luminescence intensity of these particles em-
bedded in a polystyrene matrix is significant. On the other hand, the energy of ion-
izing radiation absorbed by a polystyrene nanocomposite with embedded YVO4:Eu
nanoparticles results in the presence of luminescence of YVO4:Eu nanoparticles and
a polystyrene matrix. The intensity of the X-ray excited luminescence of the YVO4:Eu
nanoparticle is significant which indicates the possibility of energy transfer from the
polystyrene matrix to the YVO4:Eu nanoparticles.
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Over the years, the Ising model was used in order to investigate a wide range of
physical processes. This model has proven to be of particular importance in the field
of statistical physics as it allowed to gain a fundamental understanding of critical
phenomena. In a vast majority of studies involving the use of the Ising model, it is
assumed that distances between the Ising spins within the lattice defined by means of
the Ising model are constant. In such cases it was shown in a number of papers that an
average size of domains within the system increases accordingly to a particular power
law. In this work, a different scenario was investigated with the Ising model being
deformed as the magnetic domains were evolving [1,2]. In order to induce a deforma-
tion of the Ising model it was assumed that it represents a non-magnetic mechanical
system with magnetic inclusions. A deformation process of such mechanical system
corresponds to the rotation of respective rigid units constituting the system. Upon
investigating this model, it was shown that the aforementioned power law associ-
ated with a growth of magnetic domains is not satisfied for the considered system.
This result may prove to be of great significance as it indicates that one may expect
a different domain evolution than is normally the case for examples known from the
literature upon subjecting the system to some form of a deformation. Another in-
teresting result reported in this work corresponds to the fact that the change in the
rate of deformation of the system may affect the magnetic domain evolution. This in
turn leads to the conclusion that it may be possible to fine-tune the magnetic domain
evolution by a variation in the rate of deformation of the system.
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Polymer-polymer composites based on polyaniline (PANi) and polyvinyl alcohol
(PVA) have unique properties due to their flexibility, high conductivity and light den-
sity. In these composites a polyvinyl alcohol matrix provides film-forming properties.
This allows obtaining conductive polymer films on different surfaces. In this paper we
studied the kinetics of conductive polymer formation in a PVA matrix. The addition
of aniline (AN) to polymerization mixtures changes the parameters of the viscosity,
the optical absorption and the electrical conductivity of PVA solutions. Conductive
PANi formed in a PVA matrix in the presence of an oxidant (ammonium peroxydisul-
fate). The resulting composite was precipitated, purified and dried, after oxidation of
AN in the PVA matrix. We can regulate the amount of the conductive component
in the composite changing the ratio between PVA and AN. The thermomechanical
properties of PVA and the composites were investigated. It is shown that an increase
in the conductive polymer content in the composite leads to an increase in the glass
transition temperature of PVA. The electrical conductivity of the obtained compos-
ites increases with the increasing PANi content in the PVA matrix. The existence
of intermolecular interaction between the macromolecules of PVA and PANi in the
composite was confirmed by the IR spectroscopy method.

The conductive polymer network is formed in the PVA matrix when the perco-
lation threshold (> 2%) is achieved. High electrical conductivity is observed above
this threshold and with high PANi content it is approaching the conductivity of the
individual conductive polymer (PANi). In studying the morphology of PVA – PANi
films a significant influence of the sample composition on their structure was observed.
A conductive polymer is located in the dielectric polymeric PVA matrix in the form
of globular aggregates which are not interconnected. This is observed at a low content
of PANi (before reaching the percolation threshold). Linear chains of the conductive
polymer are forming with an increase in the PANI content in the PVA matrix.
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Introduction
Applications of manganites in nanoelectronic devices with extremely short working

times need more knowledge about their non-equilibrium and near-equilibrium prop-
erties. Particular interest is given to such processes in contacts of manganites with
metals which can be used in memory devices [1,2]. In manganites, oxygen ions are
weakly bound to the lattice and easily go out of the crystal bulk [3]. This feature is of
decisive importance for the formation of near-surface layers, as well as for the struc-
ture of an interface formed between the manganite and a normal metal. Due to the
presence of oxygen vacancies on the manganite surface, the concentration of holes in
the near-surface layers decreases and, in the limiting case, the surface can transform
into a dielectric phase with magnetic ordering at low temperatures [1,4,5]. As a result,
a high-resistive several atomic-layer region appears at the manganite surface.

In this report, we present our experimental results concerning the threshold switch-
ing effects and hysteretic behavior in the current-voltage characteristics of mesoscopic
manganite-normal metal heterostructures.

Experimental results and discussion
The studied samples La0.6Ca0.3MnO3 (LCMO) were prepared by the solid-phase

synthesis method from oxides La2O3 and carbonate CaCO3. 0.1× 1× 10 mm plates
were prepared using ceramics fabricated by high uniaxial pressures P = 6 GPa, and
annealed at T = 1050◦C for six hours.

The plates were pressed again and re-annealed at T = 1100◦C to get a well-
developed texture. As a result, the samples consisting of oriented 10–15 µm sized
microcrystals were fabricated. The current and potential contacts for measurements
of transport characteristics were obtained by burning colloidal silver into the surface
of the plates. The contact resistance of the contacts was less than 10−8 Ohm·cm2.
Ag-LCMO contacts for tunneling experiments were prepared by rubbing colloidal sil-
ver into the plate surface. The resistance of the tunnel junctions was 50− 200 Ohm.
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Current-voltage recording was performed by both an automated measuring system
and with an ordinary two coordinate recorder to exclude instrument errors. The re-
sults of the two measuring techniques coincided completely. In Figure 1, a typical
current-voltage characteristic (CVC) of an Ag-LCMO contact is shown as well as the
temperature effect on it. Anomalous sharp vertical growth of the tunnel current was
observed at voltages ∼±1 V. For decreasing voltage, the current decreased smoothly
and the contact resistance followed the initial, equilibrium way. The CVCs studied
did not exhibit a jump-like transition from the high-resistive to the low-resistive state.
There was no memory effect, usually observed in metal-manganite contacts, the con-
tact resistance (at V ≈ 0) does not change for a long time after switching to a new
state. The absence of significant hysteresis and memory effects are apparently due to
the fact that the mechanism causing the observed specific CVC features is realized
only in a narrow region of the 2D tunneling barrier.

Figure 1: Temperature effect on current-voltage characteristics of Ag-LCMO contact; the
inset demonstrates the resistance-vs-temperature dependence of a manganite plate

Some of the measurements were carried out in the pulsed mode to avoid effects
caused by possible sample heating during the recording procedure. The experiment
showed that in the pulsed regime, the current also increased at the same voltage values
∼ 1 V as during the continuous recording mode. In addition, the current increase in
the CVC occurred at the same voltage applied to the contact. Thus, the thermal
effects did not determine the shape of the CVC.

Since the injector in the Ag-LCMO contact is a noble metal, it is reasonable
to assume that the tunnel barrier is due to the oxygen deficiency at the manganite
surface. The escape of oxygen ions from the barrier and near-barrier regions generates
a system of localized levels capable to trap tunneling electrons. Such behavior is typical
for barriers based on perovskites [5] where the tunneling electrons with the energy
of junction bias eV can be captured by excited states (the so-called F-centers). The
relaxation of the excited state is similar to the usual process of an electron-hole pair
recombination that is trapped into the defect.

Typically, the excess energy of the F-center E = eV is partly transferred to the
vibrational degrees of freedom of the center and is scattered as a result of the emission
of phonons. However, there is another possibility, when the entire vibrational energy
E is localized on one of the oxygen ions surrounding the vacancy. Then, when the

35



ABS14

condition eV =Ea is satisfied (here Ea is the activation energy of the oxygen ion), the
ion can jump to another vacancy. Thus, due to the capture of high-energy electrons
by the excited localized state of the vacancy, it is possible for the oxygen vacancy to
jump over.

Figure 2: Expected current-voltage characteristic of tunnel junction as a result of transition
(at V = Vc) of barrier surface layer into metallic-like phase; triangles correspond to the
“equilibrium” characteristics; the insets show schematically an oxygen ion jumping to

a vacancy (a) and a partial metallization of the tunnel barrier due to di usion of oxygen ions

As is known, the preferred direction of the jump of the activated ion is given by
both the direction of the electric field and the electron flow. In our case, the direction
of the tunneling electron flow plays a significant role. For a practically fixed voltage
V = Vc ∼ 1 V, the current increases above the intensity of the oxygen ion hopping
processes which enhances the inhomogeneous metallization process (see the inset (a)
in Figure 2) and accordingly the ohmic resistance R = V/I of the contact decreases.
When the voltage decreases the hopping processes in the direction of the electron flow
are slowed down, but the activation of the oxygen ions is maintained. As a result, the
direction of the jumps becomes more and more random, and the distribution of the
oxygen vacancies along the barrier cross section gradually returns to the initial state.
As a result of directed activated diffusion of vacancies, a non-equilibrium state with
a more metallic nature of conductivity is formed in the region adjacent to the interface,
with the effective number of carriers in this region growing monotonically with the
increasing transport current. It leads to the appearance of a vertical current section
in the I(V ) dependence (see Figure 2).

According to [1], the activation energy of oxygen ions is 450–500 meV, it agrees
with the observed value of eVc ≈ 2Ea ≈ 1 eV.

Conclusions
In summary, the current-voltage characteristics of Ag-LCMO contacts with tun-

neling conductivity exhibit anomalously nonlinear effects, in the absence of “remem-
bering” of the reconstructed state. It is shown that these nonlinearities cannot be
explained by thermal effects and are, in all probability, related to the motion of oxy-
gen ions in the region of the tunnel barrier which are stimulated by the tunnel current
and the electric field applied to the contact.
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Accurate studies of crucial biochemical processes, such as protein folding or pro-
tein-ligand binding, require the inclusion of their solvent environment [1]. Explicit
inclusion of the solvent with full atomic detail is usually computationally infeasible,
not only because it substantially increases the number of atoms in the system, but
also because it necessitates extensive averaging over the solvent degrees of freedom.
The implicit solvent (IS) approach introduces an unstructured dielectric continuum to
represent the solvent, which seeks to address this difficulty. This averaging property
makes IS the prime candidate for use within density functional theory (DFT) calcula-
tions on biological systems. Owing to the low directionality and low specificity of most
of the solvent’s effects, this simplified description is often sufficient for capturing the
relevant phenomena, yielding solvation energies in good agreement with experiment.

A multitude of IS models of differing sophistication have been proposed to date
(see [2] for a review). One approach for determining the electrostatic component
of solvation involves solving the nonhomogeneous Poisson equation (NPE), or, in
saline solutions, the Poisson-Boltzmann equation (PBE), for a system where the solute
is placed within a suitably defined cavity, with the dielectric kept outside of the
cavity. The exact shape of the cavity usually depends on a number of parameters. The
elegant, iso-density formulation originally proposed by Fattebert and Gygi (FG) [3]
instead chooses to define the cavity naturally in terms of the electronic density, which
eliminates the need to carefully tune the many parameters related to the shape of the
cavity that are present in most other models.

In this work [4–7] we present an implementation of NPE-based solvation models in
the ONETEP [7] linear-scaling density functional theory (DFT) program and in the
CASTEP [8] density functional theory code. ONETEP achieves CPU and memory
requirements that increase linearly with the number of atoms by employing a density
matrix formulation of DFT using strictly localized basis functions (Non-orthogonal
Generalized Wannier Functions or NGWFs) [9–10], and CASTEP is a well-established
plane-wave DFT code. We start from the FG formulation and extend it by a consis-
tent application of open boundary conditions, approximately including dispersion-
repulsion interactions and reducing the computational overhead. In so doing, we ob-
tain a fully self-consistent approach, where the electronic density is optimized in the
presence of implicit solvent. Solutions to the NPE (or PBE) are obtained using a high-
order defect-corrected multigrid method, [11] which we demonstrate is efficient and
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accurate. We show how the proposed approach consistently gives predictions in excel-
lent agreement with experiment on a test set of 100+ molecules and demonstrate how
it can be used to obtain binding energies in solvent for entire proteins with thousands
of atoms, while maintaining good parallel scalability.
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Yttrium Iron Garnet (YIG – Y3Fe5O12) is the most representative and well-known
compound among the rare-earth garnets. Y3Fe5O12 is a material used widely in elec-
tronic devices for the microwave region as well as in magnetic bubble domain-type
digital memories. Recently, polycrystalline YIG has also found application in magneto-
optical recording media devices. In recent years, the interest of scientists has been
focused on the research of the properties of garnet structures depending on the size
of particles. Some magnetic properties, such as saturation magnetization, remanence
and coercitivity, depend critically on the structure and microstructure of the mate-
rials. Therefore, it is important to develop techniques to produce garnets with strict
control of the composition, homogeneity, size and particle shape [1]. In this regard,
alternative methods of synthesis of garnet structures that ensure weak-agglomerated
nanoparticles that are homogeneous in size, have actively started to be developed and
implemented.

The studied material was synthesized by the sol-gel method of auto-combustion.
This method provides the chemical homogeneity and activity of the obtained pow-
ders, which enables obtaining a finely dispersed polycrystalline porous material with
particles of a homogeneous size. The sol-gel technique appears to be the favorable
technique as it provides a 40 and 50% reduction of the sintering temperature and
the sintering time. The developed surface of an initial oxide system obtained from
the solution of pH = 1 allowed obtaining a high dispersed yttrium iron garnet at the
temperature of subsequent isothermal annealing of 700◦C under static air. The XRD
pattern of the sample with pH = 1 indicates that the powder is a single-phase YIG.
The direct formation of a crystalline YIG during combustion and heat treating at
700◦C is surely due the a higher degree of compositional homogeneity and greater
heat generated from the exothermic reaction of nitrates metals and citric acid.

It has been found that a mesoporous structure is formed at isothermal annealing
in the temperature range 700÷1100◦C, the pores with dimensions of 5 and 30 nm
make the main contribution to the porous volume of which, with the gradual dis-
appearance of smaller pores with the increasing annealing temperature. The sizes of
blocks of coherent scattering of annealed samples vary in the range of 40÷80 nm.
At the synthesis temperature of 700◦C each particle is a single block of coherent
scattering, while at the 1100◦C synthesis the particles contain several regions of co-
herent scattering. The increase in the temperature of isothermal annealing leads to
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a decrease in the lattice constant of the garnet. Structural changes caused by in-
creasing the temperature of isothermal annealing of the garnet forming systems lead
to corresponding changes of the magnetic microstructure and the resulting changes
of the magnetic macroparameters of Y3Fe5O12. The calcined Y3Fe5O12 nanopowder
samples are ferromagnetic. Specific saturation magnetization (Ms) values of 18.3, 19
and 20.6 emu/g were observed for the Y3Fe5O12 samples calcined at 900, 1000 and
1100◦C, respectively. Saturation magnetization of the samples increases with the in-
creasing annealing temperature due to the increasing size of the particles and the
repair of the surface defective layer.
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Production of modern microelectronic devices needs advanced materials and pack-
aging technologies oriented onto miniaturization and high reliability of the systems.
Micro- and nano-sized silver can be treated as such advanced material and it is used
in advanced packaging technologies, especially for high-density packaging electronics
as well as for flexible electronics. At the FNMA’14 conference information on the
practical use of silver with particle sizes ranging from 4 nm to several dozen of nm in
electronic packaging technologies was presented – mostly for ink-jet printing electri-
cally conductive structures, especially on temperature sensitive flexible substrates.

In this paper, another aspect of the use of nano- and micro-sized silver is presented,
namely, the efficient transport of heat. The miniaturization trends with combining
faster operation of electronic devices cause a larger amount of the heat generation
issue. Highly conductive materials become essential for heat dissipation systems, es-
pecially in the 1st level of packaging. Thermal, as well as mechanical, joints can be
created in the silver particle sintering process. The impact of both the materials and
the process parameters was analyzed. The research area was focused on obtaining
mechanically acceptable joints between non-metalized silicon chips and the substrate.
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The modern scientific and technological progress is largely determined by the level
of development of physics and technology of semiconductor devices [1,2]. Silicon is the
base material of solid state electronics. The production of semiconductor devices is
associated with the need to use different regimes of thermal treatment of plates on the
basis of which these devices are created [3]. At the development and substantiation
of a sequence of necessary thermal annealings, most of the focus is usually on the
selection of the temperatures of annealing under which they are carried out, at the
same time, an unjustifiably small amount of attention is paid to the choice of optimal
cooling conditions, despite the fact that the cooling conditions have a significant in-
fluence both on the structure of the semiconductor material and on the characteristics
of the devices created on its basis.

The aim of this work was to reveal the features of the microstructure change in
n-Si single crystals depending on the conditions of thermal treatments widely used in
research work with semiconductors and in the development of devices based on them.

A study of dislocation-free n-Si crystals with a phosphorus impurity (ρ77K ≈
5.84 Ohm·cm), grown by the floating-zone method was carried out. The crystals were
subjected to high-temperature annealing at 1200◦C for 2 and 72 h with the subse-
quent rapid (1000◦C/min) or slow (1◦C/min)cooling from the annealing temperature
to room temperature. The microstructure of silicon crystals was investigated after
different thermal treatment regimes by studying X-ray topograms taken using the
Lang method [4], and also by analysis of surface micrographs after selective etching
of samples. For this, the samples were cut parallel to the (111) plane from the same
ingot. The mechanical and chemical treatment of all samples was carried out under
the same conditions.

In the initial sample of silicon the structural defects were not detected either by
the X-ray method or by the selective etching method (Figure 1a).

In the n-Si samples annealed at 1200◦C for 2 h (irrespective of the rate of their sub-
sequent cooling), the large etching pits belonging to the outlets of dislocation loops on
the surface of the crystal with a relatively uniform density ∼ 106 cm−2 were detected
by the selective etching method. Small very heterogeneously distributed hillocks, ap-
parently belonging to the impurity precipitates, are also revealed (Figure 1b). And in
these cases X-ray topography clearly did not detect any of the structural defects.
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Figure 1: Micrographs of the surface (×200) after selective chemical etching of n-Si samples:
a – initial, b – thermal treated (1200◦C; 2 h) and cooled with rates υcl = 1 and 1000◦C/min

Figure 2: X-ray topograms (×5) of thermal treated (1200◦C, 72 h) samples of n-Si with
consequent slow (1◦C/min) (a) or fast (1000◦C/min) (b) cooling

Figure 3: X-ray topograms (×5) of thermal treated (1200◦C, 72 h) samples of n-Si with
consequent slow (1◦C/min) (a) or fast (1000◦C/min) (b) cooling

It is established that annealing (1200◦C, 72 h) depending on the cooling conditions,
affects the release of impurities in the volume of crystals in different ways. Structural
defects in the rapidly cooled samples on topograms were detected in small amounts in
the form of separate points (Figure 2b), meanwhile the selective etching revealed both
dislocation loops (of the same density ∼ 106 cm−2) and impurity precipitates, evenly
distributed throughout the volume, with a density of ∼ 5 · 109 cm−2 (Figure 3b).

It is shown that after such annealing in the rapidly cooled samples, the size of etch
pits, due to the dislocation loops, is 1.5–1.7 times larger than in the case of annealing
(1200◦C, 2 h), which is associated with the different density of halos of impurities
around the dislocations. In slowly cooled samples analogous etch pits associated with
the dislocation loops were not only of large dimensions, but also of a more complex
structure, as can be seen from the comparison in Figure 3a and b. Meanwhile the
structural defects were well detected both by the X-ray method (Figure 2a) and by the
selective etching method (Figure 3a). However, it was only the pits of dislocation loops
with the same density ∼ 106 cm−2 that were found on the surface of the samples after
selective etching, and traces of impurity precipitates were almost absent (Figure 3a).

As a result of the performed experiments, it has been established that the degree
of the defectiveness of annealed crystals, controlled by selective chemical etching and

44



ABS18

X-ray topography, depends not only on the time of high-temperature annealing, but
also on the cooling rate of samples from the annealing temperature to room temper-
ature.
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At the present stage, the urgency of the study of the influence of irradiation by
ions of light nuclei on semiconductors is brought about by the extensive application
of ion-beam modification methods of materials in micro- and nanoelectronics [1,2].
Such methods are used to create thin layers in the matrix volume with preassigned
characteristics which are necessary for the operation of semiconductor devices [3].

The aim of this work was to establish the features of the formation of a microdefect
silicon structure under the influence of high-energy particles (protons, deuterons, α-
particles) irradiation.

Single crystals of n-Si grown by the Czochralski and floating-zone methods, dis-
location-free and with a dislocation density of ∼ 103 cm−2 (ρ = 3 up to 4 kOhm·cm)
were investigated. Silicon crystals were irradiated by protons (hydrogen ions) with an
energy of 6.8 MeV, by 13.6 MeV deuterons (deuterium ions) and 27.2 MeV α-particles
(helium ions) with fluences Φ≥ 1016 to 1017 cm−2 at cyclotrons U-120 and U-240 of
the Institute for Nuclear Research of the NAS of Ukraine. The dislocation-free crystals
were irradiated by protons and α-particles, and crystals containing dislocations were
irradiated by deuterons. During the irradiation, the samples were cooled by running
water. In this case the temperature of samples did not exceed 100◦C.

To study the topographic image of the defective silicon microstructure, the sample
was cut into plates along the direction of irradiation, the mechanical (grinding) and
chemical (polishing) surface treatments were carried out. The structural properties
of the irradiated samples were studied using a complex of techniques: X-ray topog-
raphy, selective etching, metallography, scanning electron microscopy, multiangular
monochromatic ellipsometry, microprofileometry, atomic-force microscopy.

The silicon microstructure was compared under a variation of the ion beam current
magnitude and under irradiation with ions of different energies and masses (protons,
deuterons, and α-particles) in the regions of their path, braking and beyond the ion
path region (Figure 1). A series of the features of the behavior of radiation defects
in the conditions of their high concentration and inhomogeneous distribution was
revealed. The projection path length of the protons and α-particles of the used energies
in the silicon crystal was approximately the same, about 360 µm, and it was 780 µm
in case of the deuterons.
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Figure 1: Micrographs of selective etching after irradiation of n-Si: dislocation-free – by
6.8 MeV protons (a) and 27.2 MeV α-particles (b); with dislocations – by 13.6 MeV

deuterons (c); the fluence of irradiation is Φ = 1017 cm−2; the arrow indicates the direction
of irradiation; s is the braking band of ions; 2s is the defect band beyond the proton path

in the sample at the double proton path distance (∼ 720 µm)

The dependence of the degree of damage of the silicon defective structure on the
mass of the irradiating particles was established: the structure of the path region
after irradiation with protons did not change significantly (Figure 1a), in contrast
to the strongly damaged structure (probably, polycrystalline) after irradiation with
α-particles (Figure 1b).

According to the data of X-ray topography and selective etching it was found
that the highest damage of the structure (disordering) was observed for all types of
irradiation in the braking region of ions, where concentration of defects was the highest
(band s in Figures 1 and 2). The width of the etched braking line was varied for light
ions of different masses in the direction from the edge to the center of irradiation as
follows: 30 to 80 µm (H+), 30 to 130 µm (D+, Figure 2 a–f), 140 to 200 µm (He2+).
The minimal value of this magnitude for all types of irradiation was obtained at the
edge of the irradiation region, where the sample temperature was lower due to cooling.

When the silicon was irradiated with high-energy protons and α-particles, the
propagation of the periodic defect structure, located perpendicular to the ion flux,
was found into the part of samples beyond the ion path (long-range effect), which is
not provided for by the existing ion implantation theory (Figure 1a). In addition, it
has been established that when irradiated with α-particles, under conditions of high
fluences, the formation of defects in the range of the path (Figure 1b) passes through
the stage of ordering (layered structures in the form of “walls” of defects) as a result
of their self-organization (large dose effect).

When the dislocation silicon was exposed to deuterons, the long-range effect was
not observed, but the deuteron braking region in silicon was not only wider than
when irradiated with protons, but also had a more complex structure (band s, Fig-
ure 1c). In addition, another line of stresses, ∼ 100 µm in width, was etched near
the irradiated surface at a distance of approximately 130 µm from the first disturbed
region (band s2, Figure 1c). In the case of proton irradiation, the braking region was
a rather narrow band, under α-irradiation it consisted of pores, whereas in the case of
deuteron irradiation, the braking region consisted of a broad band of damages located
parallel to the plane of braking, and “bridges” from defects, probably, dislocations,
which at right angles crossed the damaged region (band s, Figure 2e, f).

The complex studies of the influence of high-energy light ion irradiation on sil-
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Figure 2: Micrographs (×150) of modification of braking line (s) of 13.6 MeV deuterons in
silicon from edge to center (a–f) of irradiation region after selective etching; the fluence of

irradiation is Φ = 1017 cm−2; the arrows indicate the direction of irradiation

icon single crystals have shown that, with a large-energy release in a thin crystal
layer, under irradiation, favorable conditions can be created for the appearance of
effects of large doses and long-range action. The detected effects can be applied in the
development of a modern theory of interaction of radiation with matter.
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The influence of carbon nanotube (CNT) concentration (in wt.%) on the optical
properties of polytetrafluorethylene (PTFE) was investigated by the spectrophoto-
metric analysis. The effect of increasing transparency at 4–25 times was detected in
the spectrum range λ = 320–3000 nm during the addition of a CNT to PTFE. It was

Figure 1: Dependences of monochromatic light transmission on thickness of CNT-PTFE
composite with different CNT concentration: 0.05 wt.% (a) and 5.0 wt.% (b)

49



ABS20

shown that increasing the CNT concentration and thickness of the sample led to de-
creasing the transparency of the composite in the ultraviolet (UV) band, and also to
increasing the transparency in the infrared (IR) band.

The dependences of the monochromatic light transmission factor (Ktr.) for PTFE
films in the spectrum range 320–3000 nm with the thickness in the wide range from
25 to 500 µm are shown in Figure 1. Most light transmission (80%) at λ = 3000 nm
is observed for the thinnest (15 and 20 µm) samples. It was shown that the light
transmission factor monotonically decreased to 38–45% with reducing the wavelength
down to λ = 320 nm. For the samples with the maximum thickness (500 µm) the light
transmission factor decreased to 1–2%. It should be noted that the Ktr. = f(λ) curves
are convex for the minimal thickness (< 25 µm), however, on the contrary, the curves
have a concave form for larger thicknesses (> 35 µm). The thickness of the sample at
which the inversion occurs is approximately 30 µm. Thus, at low concentrations of
the CNT in PTFE the light transmission increases in the IR band for a wide range of
thicknesses, contrary to the Beer–Lambert–Bouguer law. In the UV band the effect
was observed for very small thickness (30–60 µm).
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of Li2O-Fe2O3-Al2O3 Ceramics
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1Vasyl Stefanyk Precarpathian National University
Shevchenko 57, Ivano-Frankivsk, Ukraine

2Ivano-Frankivsk National Technical University of Oil and Gas
Karpatska 15, Ivano-Frankivsk, Ukraine

At present intensive investigations of the conductivity of complex spinel ceramics
are being carried out because they contain movable Li+ – ions and in this way can be
used as the material for manufacturing cathodes of portable lithium power sources.

A series of samples with the expected composition (1− y)LiFe5O8 +(y)LiAl5O8

were obtained by a ceramic method at the synthesis temperature of 1273 K that corre-
sponds to the lithium-aluminum-iron spinel formula [1]. The high-dispersion powders
of the OCh mark served as the original material. The thermal processing at the final
stage of synthesis was carried out at an average cooling rate of v = 0.03 K/s.

The conductive and dielectric properties of the synthesized compounds were calcu-
lated on the basis of the experimental impedance spectra obtained with an Autolab
PGSTAT 12/FRA-2 spectrometer in the frequency range of 0.01–100 kHz and the
temperature range of 293–773 K. The temperature was recorded isothermally at ev-
ery 25 K.

The temperature conductivity dependences show that electron conductivity in
the synthesized ceramics dominates in the temperature range of 295–475 K [2]. It
can be obtained due to the two mechanisms: the hopping conduction mechanism
and the activation mechanism of conductivity. The hopping conduction mechanism
in these ceramics is obtained mainly by means of electron hopping between ions of
the same element (these are Fe2+ and Fe3+ ions in this case) that can stay in more
than one valence state, randomly distributed in crystallographically equivalent lattice
positions. The hopping conduction mechanism dominates in the temperature range
of 295–350 K. The value of its activation energy is within the range of 0.1–0.14 eV.
The activation mechanism of conductivity dominates in the temperature range of
295–350 K. The value of its activation energy is about 0.35 eV.

Ion conductivity becomes the predominant mechanism in synthesized Li2O-Fe2O3-
Al2O3 ceramics at temperatures higher than 475 K. The activation energies of conduc-
tive ions were determined by slopes of linier sections of the dependences σ0∗T (1/T ).
Their values depending on the aluminum content are within the range of 0.9–1.4 eV.
A jump in the activation energy was revealed in the temperature range of 520–540 K
for samples corresponding to y = 0.8 and y = 1.0. It may be evidence of the two-type
transition and formation of domains.
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Considering the prevailing contribution of the ionic Li+ component in the resulting
charge transfer, the frequency dispersion of lithium-aluminum-iron spinel conductiv-
ity was calculated within the phenomenological model of the dynamic super ionic
conductivity [3]. This model considers the resonance growth of the kinetic energy of
ions in the charge-mass transfer process along with energy dissipation in a periodic
lattice field.

The values of concentration of carriers, their macroscopic µ1 and microscopic
(transitional) µ2 mobility for a wide range of concentration of Al3+ ions and the
temperature range of 400–700 K were obtained by approximation of the experimental
dependencies with the theoretical equation:

σ =
ne2

m
× γ(1− iωτ)

γτ(ω2
0 −ω2)− iγω(1+γτ)+γ2−ω2

0

where γ is the frequency of ions scattering on lattice defects; ω0 is the frequency of nat-
ural oscillations of ions relatively to the equilibrium positions; τ is the characteristic
time of ion localization.

Figure 1: Dependences of macroscopic mobility µ1 on temperature for different values
of aluminum content in synthesized samples

It has been determined that the macroscopic Li+ ion mobility µ1 in the samples
decreases with the increasing aluminum amount and the curves µ1(T) have distinct
maxima at the temperatures of 470 K (Figure 1). At the same time, the transitional
mobility µ2 increases from 400 K up to 475 K, and then decreases sharply even
assuming negative values which can be evidence of the earlier observed manifestations
of ferroelectric properties of samples and the existence of a temperature transition to
a ferroelectric state (Figure 2).
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Figure 2: Dependences of microscopic (transitional) mobility µ2 on temperature for
different values of aluminum content in synthesized samples
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Simulation of Two-Dimensional Quasi-Periodic

Lattices

V. V. Girzhon, O. V. Smolyakov
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It has been experimentally established that as for now there are quasicrystals
(QC) having the axis of symmetry of the fifth, eighth, tenth and twelfth orders.
The last three types of QCs are quasiperiodic in only two dimensions, and they are
periodic along the third dimension. Despite a large number of research studies on QC,
problems relating to the correct description of their structure remain unresolved in
their entirety. This is mainly due to the impossibility of selecting an elementary cell.

The interpretation of the patterns of electron diffraction and X-ray rays from QC is
also incomplete, which is due to the ambiguity in the indexation of diffraction reflexes.
This uncertainty is a consequence of the inflation-deflation symmetry inherent in QC,
resulting in a correlation between the absolute values of the inverse lattice vectors
expressed through the so-called scale factor. In electron studies of QC, the vectors,
which are closest to the trace of the primary reflexes beam, and which, as a rule,
are of a very low intensity, are often placed in correspondence with the base vectors.
As a result, the minimum (basic) vectors of the inverse lattice determined in the
diffraction experiment are dependent on the experimental conditions.

In this paper we propose a method of two-dimensional QC structure modeling
that consists of recurring multiplication of groups of nodes which have the required
symmetry. Formally, the simulation algorithm is written identically for octagonal,
decagonal and dodecagonal quasicrystals, and can be represented in the form of re-
current relations:

Dn = Dn−1 +
{
kn−2qi

}
Dn−1

This record means adding to the group of nodes, labeled as Dn−1, the same groups,
shifted from the start of coordinates (center of symmetry) to vectors ±kn−2qi, where
±qi – are the base vectors, which specify the vertices of the output correct polygon.
For octagonal QCs, vertices of the correct octagon are selected as the output group of
nodes, and the parameter k = 1+

√
2 is a number known as the silver section. In the

case of decagonal QC, the output group of nodes is the vertex of the right decagonal,
and k =(1+

√
5)/2 – is the golden section. For a dodecagonal lattice, the output group

of nodes are the vertices of a correct dodecahedron and k = 1+
√

3.
An analysis of two-dimensional model lattices has shown that they are in good

agreement with the corresponding electronograms of quasicrystals and enable the
correct indexing of diffraction reflexes, since they show reflexes that correspond to
the base vectors ±qi. On the basis of a comparison of the model with the traditional
method of projection of multidimensional periodic lattices [1], it is possible to index
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the diffraction reflexes from the above mentioned types of QC using three integer
indexes (N,M,L). This indexation is similar to the index proposed by Kan, in the
form of two indices [2] for icosahedral QC.

The obtained results have shown that the proposed modeling method can be used
to analyze the atomic structure of QC with axes of symmetry of the 8th, 10th and
12th orders. The possibility of variation by numerical parameters in the simulation
algorithms (equation above) opens the possibility for a certain description of varieties
of quasicrystalline structures.
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The interest in Zr-Nb-alloys is, first of all, due to their widespread use in reactor
construction. At the same time, alloys of the Zr-Nb system are an interesting object
for fundamental research, since they are characterized by a number of features in
equilibrium transformations: congruent melting, polymorphic transformation, mono-
tectoid decomposition, concentration layering. The evolution of the structure of these
alloys with different types of thermal action on them may have different effects on
the service characteristics of products. Therefore, the purpose of this work is to study
the structural changes in the surface layers of the Zr-Nb alloy in highly equilibrium
conditions, which are achieved by pulsed laser melting in different gas environments.

Samples of zirconium alloy E125 containing 2.5 wt.% of niobium, 10× 10 mm in
size, cut from a sheet 3 mm in thickness, were selected for the object of investigations.

Laser melting (LM) was carried out in argon, nitrogen and air atmospheres using
a pulsed YAG laser (λ = 1.06 nm) with 30% overlapping of laser spots. The laser
melting zone (LMZ) depth was about 200 microns. The sample surface layer phase
composition after the LM was controlled by X-ray diffraction. The microhardness was
measured with a PMT-3 device.

According to the results of the X-ray phase analysis, the samples studied in the
initial state were single-phase. Due to the insignificant content of niobium in the
original eutectic, reflections from the lattice of niobium were not detected.

The X-ray studies of the samples processed in the atmosphere of argon showed
that there was only one α-phase in the alloy, the lattice parameters of which were
slightly lower compared to its parameters in the initial state. At the same time, the
LMZ structure was no longer a mixture of Zr + eutectic Zr-Nb. High (∼ 104 K/s) melt
cooling rates resulted in the formation of a supersaturated solid solution of niobium in
zirconium. And since the atomic radius of niobium is smaller than the atomic radius
of zirconium, the lattice parameters of the α-solid solution (α-phase) decreased.

After laser surface treatment in the air atmosphere, four phases were observed
in the structure of the surface layers of the alloy: α-solid solution, ZrN nitride and
two ZrO2-type oxides with different types of lattice-high-temperature cubic and low-
temperature monoclinic, which is associated with different concentration-time condi-
tions of structure formation at various points of the LMZ. Due to the formation of
a complex solid solution, the lattice parameters of the α-phase were slightly higher
than in the initial state.

Laser treatment in the nitrogen atmosphere allowed finding the reflections from
the α-phase lattice and ZrN cubic nitride. In this case, the parameters of the α-phase
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lattice turned out to be higher than after the LM in the air atmosphere, which may
be due to larger sizes of nitrogen atoms introduced in the face-centered close-packed-
lattice, in comparison with the size of the oxygen atoms.

The absence of the β-phase after LM in different atmospheres may be due to
several reasons. First, the cooling rates of the melt in the LM were insufficient to fix
the β-phase at room temperature and could contribute to the martensitic nature of the
β→α transformation. Secondly, although the niobium contained in the alloy refers to
β-stabilizers, its insignificant content in the α-solid solution has no significant effect on
the transition temperature. On the other hand, the introduction of nitrogen (oxygen)
atoms in the α-solid solution could increase the temperature of the polymorphic β→α
transformation, i.e., the introduced nitrogen and oxygen atoms could act as stabilizers
of the α-phase.

Measurement of the microhardness of the surface of the samples after the LM
showed that the maximum microhardness (4.7 GPa) was achieved after the LM in
the atmosphere of nitrogen. The microhardness of the surfaces, both after treatment
in the argon atmosphere and after treatment in the air atmosphere, was low, and
amounted to 3.6 GPa and 3.7 GPa, respectively. The initial microhardness of the
alloy did not exceed 2.4 GPa.
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A target (rectangular form, 20×60 mm) was made from the ingot of the equiatomic
FeCoNiCrMn alloy smelted with argon-arc melt in an atmosphere of high purity argon
in order to obtain magnetron coatings by mechanical means. After that the ingot was
sprayed, then it was cut into three equal parts 20 mm in length, in order to determine
the phase composition and mechanical characteristics in each of these particles. The
crystal coating characteristics were studied by full-profile analysis of the diffraction
patterns (DRON-UM1, monochromatic Cu-Kα radiation) with use of the complex
PowderCell 2.4 program.

Figure 1: FeCoNiCrMn HEA coatings on steel X18N9T from different parts of the sample:
(a) beam center, (b) beam middle, (c) beam edge
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The initial phase composition of the target structure is a solid solution on the basis
of a phase with an FCC lattice with the lattice period a = 0.3617 nm. The spraying
of this alloy in vacuum resulted in a decrease in the period of the FCC lattice in the
coating compared with the cast state. The phase with the FCC lattice is characteristic
for the first part of the coating (beam center), the lattice period a = 0.3618 nm has
a clearly expressed texture along the direction [220], the texture coefficient τ = 0.12
(Figure 1a), the 2nd part of the coating (beam middle) also has a phase with the
FCC lattice with the lattice period a = 0.3577 nm, it has a slight structure along
the direction [200], the texture coefficient τ = 0.79 (Figure 1b), the third part of the
coating (beam edge) has a basic phase σ with the lattice periods a = 0.88777 nm,
c = 0.4584 nm, textured along the direction [002], the texture coefficient τ = 0.17, and
the phase traces from the FCC lattice, the lattice period a = 0.3594 nm (Figure 1c).
The decrease in the lattice periods was reflected in the characteristics of the modulus of
elasticity and hardness, in the casting state with Er =115 GPa, HIT =2.7 GPa to Er =
194 GPa, HIT = 11 GPa (beam center), Er = 169 GPa, HIT = 5.5 GPa (mid-beam) in
vacuum. For the 3rd part of the coating (beam edge), the mechanical characteristics
were not taken into account, since the hardness was too low compared with other
parts of the coating, which is characteristic of the intermetallic σ-phase.

It was established that the periods of the lattice decreased during the spraying of
this alloy which manifested itself in increasing the alloy hardness. This is due to the
cluster structure, the alloy nanostructure and the lattice distortion.
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2Department of Chemistry, Faculty of Science, University of Malta
Msida MSD 2080, Malta

3Department of Geosciences, Faculty of Science, University of Malta
Msida MSD 2080, Malta

Negative thermomechanical properties such as negative compressibility, negative
thermal expansion and auxeticity (i.e. negative Poisson’s ratio) are properties that can
be exhibited at various scales of structure and may arise due to specific features within
the system (geometry) deforming via some particular deformation mechanism/s. This
work looks at some of the more recent advances made by the authors in these fields.
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This paper presents some novel truss-like hexagonal hierarchical nanonetworks
made from penta and tetra substituted polyphenlyacetylenes (see Figure 1) which are
are modelled using force-field based simulations. These networks are shown to exhibit
some interesting properties, including out-of-plane auxetic behaviour at high strains.

Figure 1: An example of the novel truss-like hexagonal hierarchical nanonetworks
being studied
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We studied a model of self-oscillatory dynamics of the metabolic process in a cell.
The full phase-parametric characteristics of variations of the form of attractors de-
pending on the dissipation of a kinetic membrane potential were calculated. The
bifurcations and the scenarios of “order-chaos”, “chaos-order” and “order-order” tran-
sitions were found. We made projections of multidimensional phase portraits of at-
tractors, Poincaré sections, and Poincaré maps. The process of self-organization of
regular attractors was investigated through the torus formation. The total spectra of
Lyapunov exponents and the divergences characterizing the structural stability of the
determined attractors were calculated.

The obtained results demonstrate the possibility of application of classical tools
of nonlinear dynamics to the study of self-organization and appearance of a chaos in
the metabolic process in a cell.
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The estimation of the power production of a photovoltaic system in dynamically
changing environmental conditions is of great importance from the economic perspec-
tive in terms of the PV system energy generation. The commercial software available
on the market is a perfect tool for designing and forecasting the energy yield of the
installations. However, a more detailed analysis of the behavior of PV systems de-
mands combined experimental and simulation studies with the use of more powerful
engineering applications such as Matlab. Computational simulations and data analy-
sis carried out using the Matlab software allow investigating the influence of various
parameters such as solar radiation or cell temperature on the power generation and
thus the energy output of the system.

In this paper a simulation study of a polycrystalline silicon grid connected PV sys-
tem was shown in terms of the power output estimation for different environmental
conditions. The temperature of the modules as well as the solar radiation intensity on
the PV module plane were measured with the use of a sensor box commercial. These
daily profiles of irradiance and temperature with the sampling period equal to 5 min
were introduced into a one-diode model that allows obtaining the I-V electrical char-
acteristics of p-Si modules with a high accuracy in variable conditions. Characteristic
parameters of the modules used in the model were taken from the manufacturer’s
datasheet. As a result of the simulations, daily profiles of the power output for vari-
ous irradiance and temperature were obtained. The modeling results were validated
experimentally by comparison to the output power measurements of a PV commer-
cial system of 17 kWp placed in the same location as the monitoring system. Relative
errors were calculated to show the modeling approach effectiveness of predicting the
output power generation for a photovoltaic system.
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Art, Nature and Information

A. (Andreas) Guskos
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In my presentation I will showcase art and design in which the artist/designer is
not in total control of the process of creation, based on some of my projects and other
examples. The approach to the creation process will be in general collecting and/or
processing existing objects found in the environment or initiating processes that are
producing information and collecting results by some assumed criteria. In the context
of these examples I will refer to the notions of casualty randomness and it disorder
and if/how they can be perceived by the spectator.

The presentation will include my projects: Some components of nature (video art),
3D structures in the space of information (3D art), Aheilos Region 9 (virtual world
art), You will not enter twice into the same river – today, yesterday, tomorrow. Im-
pression on the variability of form in time (spatial video installation), Stones from
Greek shores (found objects), Iconophagos|Stones (algorithmic process/computer ap-
plication).
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Pu laskiego 10, 70-322 Szczecin, Poland

Nanocrystalline samples of N-TiO2 annealed at 600◦C and 650◦C with and with-
out water rinsing were successfully prepared. Electron paramagnetic resonance (EPR)
spectra of the obtained samples registered at different temperatures in 4–300 K range
were investigated. The recorded EPR spectra of the samples, rinsed and non-rinsed

Table 1: Physicochemical properties of investigated nanocomposites

Sample Phase composition Average crystallite SBET

designation [%] size [nm] [m2/g]
Anatase (A) Rutile (R) Anatase (A) Rutile (R)

Amorphous TiO2 84.7 15.3 9 23 265

TiO2-600 94.0 6.0 46 98 42

TiO2-600-R 94.2 5.8 47 86 51

TiO2-650 94.0 6.0 39 77 62

TiO2-650-R 93.7 6.3 39 102 55

TiO2-3501 90.0 10.0 10 18 137

TiO2-350-R1 92.0 8.0 8 17 146

TiO2-4001 93.0 7.0 7 23 99

TiO2-400-R1 94.0 6.0 6 25 102

TiO2-4501 94.0 6.0 6 26 79

TiO2-450-R1 93.0 7.0 7 27 82

TiO2-5001 95.0 5.0 5 31 65

TiO2-500-R1 95.0 5.0 5 32 61

TiO2-3002 87.0 13.0 12 201

TiO2-300-R2 88.0 12.0 12 235

TiO2-3502 93.0 7.0 18 137

TiO2-350-R2 93.0 7.0 17 146

TiO2-1003 87.6 12.4 14 306

TiO2-100-R3 87.7 12.3 13 318

TiO2-2003 87.6 12.4 11 256

TiO2-200-R3 89.4 10.6 12 284
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with water, showed signals attributed to free radicals, centered between geff = 2.0027
and geff =2.0032 with linewidths ∆Hpp =5 G and ∆Hpp =8 G at high temperatures.
Additionally, resonance lines centered at geff = 1.988 with linewidth ∆Hpp = 17 G
and geff = 1.956 with linewidth ∆Hpp = 37 G were detected in the samples annealed
at 600◦C but not in the samples annealed at 650◦C.Those additional lines could arise
from complexes of trivalent titanium ions. The intensities of the EPR lines strongly
depended on thermal annealing and water rinsing processes. The concentration of the
localized magnetic moments has strong influence on the physical properties of these
nanocomposites. Parameters characterizing investigated nanocomposites are listed in
Table 1. The sizes of nanocrystallites may have an impact on the type of magnetic de-
fects. The EPR spectrum of the nanocomposites containing small sized nanoparticles
is dominated by free radicals and may contain also magnetic agglomerates [1–3]. Nano-
composites containing nanoparticles with specific sizes display in their EPR spectrum
complexes with trivalent ions of titanium located on nanoparticles surfaces.

Acknowledgements
This work was supported by the National Science Centre under Project No. DEC-
2012/06/A/ST5/00226.

References
[1] Guskos N, Guskos A, Zolnierkiewicz G, Typek J, Berczynski P, Dolat D, Grzmil B,

Ohtani B, Morawski A W 2012 Materials Chemistry and Physics 136 889
[2] Guskos N, Typek J, Guskos A, Berczynski P, Dolat D, Grzmil B, Morawski A W 2013

Central Eur. J Chem. 11 1994
[3] Guskos N, Guskos A, Typek J, Berczynski P, Dolat D, Grzmil B, Morawski A W 2012

Materials Science and Engineering B 177 223

66



ABS31

Dynamic and Static Magnetic Properties

of Four Compounds from FeVO4-Co3V2O8 System

N. Guskos1, G. Zolnierkiewicz1, M. Pilarska1, J. Typek1, P. Berczynski1,
A. Blonska-Tabero2, C. Aidinis3

1Department of Physics, Faculty of Mechanical Engineering and Mechatronics
West Pomeranian University of Technology
Al. Piastow 48, 70-311 Szczecin, Poland

2Department of Inorganic and Analytical Chemistry
Faculty of Technology and Chemical Engineering

West Pomeranian University of Technology
Al. Piastow 42, 70-065 Szczecin, Poland

3Department of Electrical Engineering, Ajman University of Science and Technology
PO Box 346, Ajman UAE

The dynamic and magnetic properties of four nFeVO4/(1− n)Co3V2O8 com-
pounds obtained in reactions between nFeVO4 and (1−n)Co3V2O8 (n = 0.82, 0.80,
0.78 and 0.76) were investigated by dc magnetization in ZF and ZFC modes and elec-
tron paramagnetic resonance (EPR) spectroscopy. The XRD measurements revealed
in all samples a mixture of the howardevansite-type structure (H-type phase) and the
lyonsite-type structure (L-type phase). The magnetic susceptibility study showed the
Curie-Weiss type behavior (with effective antiferromagnetic interaction) in all com-
pounds in the high-temperature range. At low temperatures a phase transition to the
antiferromagnetic state was registered, coexisting with the ferromagnetic behavior ev-
idenced by the hysteresis loop, indicating a highly nonhomogeneous magnetic state of
the studied materials. The coercive field and the remanent magnetization increased in
composites with higher concentration of the starting FeVO4. The paramagnetic com-
ponent of the nFeVO4/(1−n)Co3V2O8 composites consisted of high-spin iron ions
and magnetic agglomerates from coupled magnetic ions. Iron and cobalt ions had
the largest contribution to the static magnetization of the investigated samples. The
EPR measurements showed mainly asymmetric spectra (decomposed on two compo-
nents) originating from iron ions and magnetic agglomerates, the former being the
dominating one.
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A combination of graphene and semiconductors, especially the titanium dioxide
has been intensively studied recently as a promising route to obtain new graphene–
TiO2 nanocomposites with an enhanced charge separation in the electron–transfer.
Incorporation of the graphene or graphene oxide into TiO2 provides a large specific
surface area and high charge carrier mobility due to the moving of TiO2 generated
electrons across the graphene 2D–sheets, which minimizes the electron-hole recombi-
nation and enhances the oxidative reactivity [1,2].

The purpose of this study is to discuss the magnetic properties of hybrid nano-
composites obtained by the hydrothermal method using different types of graphene
related materials (GO or rGO).

Figure 1 presents the electron paramagnetic resonance spectra (EPR) of the TiO2-
H2O-rGO(5 wt.%)-A hybrid at liquid helium temperature. Hybrids for the EPR anal-

Figure 1: Magnetic resonance spectra of prepared hybrids at 4 K
for TiO2-H2O-rGO(5 wt.%)-A
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ysis were selected on the basis of the most noticeable structural and morphological
changes. At low temperature it was possible to observe complicated EPR spectra orig-
inating from different magnetic centers. Table 1 shows the effective g-factors of EPR
lines which could be due to the Ti3+ complexes and other paramagnetic centers [3].

Table 1: geff parameters for modified hybrid nanocomposites registered at 4 K

Sample code g1 g2 g3 g4 g5 g6 g7

TiO2-ButOH-A 2.144 2.096 1.983 1.973 1.960 1.928 1.874

TiO2-rGO(5 wt.%)-A 2.147 2.096 – 1.978 – – 1.871

TiO2-H2O-rGO(5 wt.%)-A 2.144 2.096 – – – 1.926 1.874

TiO2-ButOH-rGO(5 wt.%)-A 2.144 2.096 – 1.979 – 1.926 1.874

TiO2-GO(5 wt.%)-A 2.144 2.096 – – – 1.927 1.873

TiO2-H2O-GO(5 wt.%)-A 2.144 2.096 – – – 1.930 1.871

TiO2-ButOH-GO(5 wt.%)-A 2.144 2.096 – – – 1.926 1.872

The most significant changes after modification can be observed in the intensity
of the resonance lines centered at geff between 2.0034 and 2.0039 [4]. The linewidth
∆Hpp varies in the 15 G–17 G range. Ratios of the integrated intensities are as follows:
I1:I5:I7:I9 =1.0 : 0.3 : 1.0 : 0.9 for the rGO-modified samples and I1:I13:I15:I17 =1 : 2.0 :
60.0 : 115.0 for GO-loaded composites. The most intensive increase is observed for the
nanocomposite designated as TiO2-ButOH-GO(5 wt.%)-A, whereas the smallest – for
the TiO2-rGO(5 wt.%)-A hybrid. In this region the GO gives a very narrow resonance
line and it is overlapped by more intense resonance spectra [5].
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Four TiO2 samples subjected to modification with benzene vapors at various cal-
cination temperatures (300◦C to 450◦C, in steps ∆T = 50◦C) were investigated [1].
Electron paramagnetic resonance (EPR) measurements as a function temperature
were carried out in the 4–290 K range [1]. A strong temperature variation of the
EPR integrated intensity was observed for different samples and the maximal value
was found for the nanocomposite calcined at 400◦C. Additionally, measurements of
dc magnetic susceptibility χ as a function of temperature were performed. The com-
plex nature of magnetic interactions in the studied samples was reflected in χ(T )
curves. Both the used magnetic characterization methods showed the occurrence of
antiferromagnetic and ferromagnetic interactions, nevertheless dominating in different
temperature ranges.
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nCoO/(1−n)ZnO (n = 0.40, 0.50, 0.60 and 0.70) nanocomposites were synthe-
sized using a traditional wet chemistry method followed by calcination, a different
method than used in [1]. At first, a mixture of cobalt and zinc hydroxides was ob-
tained by addition of a 2M solution of KOH to the 20% solution of a proper amount of
Zn(NO3)·6H2O and Co(NO3)·6H2O in water. The obtained hydroxides were filtered,
dried and calcined at 600◦C for 1 h. The synthesized product was filtered and dried.
The morphology of the samples was investigated using a scanning electron micro-
scope (SEM, Hitachi). The phase composition of the samples was determined by X-
ray diffraction. The specific surface area of the obtained nanopowders was determined
using the Brunauer-Emmett-Teller (BET) method with a Micromeritics Gemini 2360
analyzer. A Micromeritics AccuPyc 1330 helium pycnometer was used to determine
the density of powders. The results of the helium density and specific surface area
measurements of our samples showed essential differences in comparison to nanocom-
posites prepared by another method. The XRD spectra revealed the presence of ZnO
and ZnCo2O4 phases. The spinel phase ZnCo2O4 content increased with increasing
the CoO content, while the ZnO content decreased simultaneously.

The magnetic properties of nCoO/(1−n)ZnO (n = 0.4, 0.5, 0,6 and 0.7) nano-
composites were investigated using dc magnetometry. Table 1 displays the hysteresis
loop parameters of these nanocomposites and the data obtained in [1] are shown

Table 1: Hysteresis loop parameters for analyzed samples; the values measured in [1] are
in parentheses

Nanocomposite Hc Mn Ms ∆(1/χ)/∆T
[Oe] [emu/gr] [emu/gr] [Oe gr/emu K]

40%CoO/60%ZnO 10 (30) 0.001 (0.022) 2.98 (13.38) 2088 (327)
50%CoO/50%ZnO 9 (30) 0.004 (0.047) 2.90 (22.05) 1977 (191)
60%CoO/40%ZnO (80) 0.004 (0.100) (27.84)
70%CoO/30%ZnO 7 (100) (0.120) 9.67 (29.05) (42)
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in parentheses. All the magnetic parameters of the analyzed samples have signifi-
cantly lower values in comparison to that in [1]. At room temperature the follow-
ing values are obtained: ∆M/∆H = 14.2× 10−5 emu/gr Oe (5.7× 10−5 emu/gr Oe)
for n = 0.40, ∆M/∆H = 10× 10−5 emu/gr Oe (107× 10−5 emu/gr Oe) for n = 0.5,
∆M/∆H =−17× 10−5 emu/gr Oe for n = 0.6 and ∆M/∆H =−16.8× 10−5 emu/gr
Oe (120× 10−5 emu/gr Oe) for n = 0.7. Such strong differences of these parameters
describing the magnetic properties might result from different sizes of the nanopar-
ticles obtained by different methods and stronger antiferromagnetic interaction in
hydrothermal samples.
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Scientific research of the phase transition properties (evaporation or condensation)
between liquid (water) and gas (steam-air mixture) phases is considered in many
fundamental works [1,2,3]. A characteristic feature of such dynamic physical processes
is the formation of a near-surface layer [4] (boundaries of phase separation) whose
properties are rarely investigated by experimental methods [5] and not sufficiently
substantiated [6] in terms of the theoretical (mathematical) description of the pheno-
mena under consideration.
The present paper discusses the phenomenological approach for describing the

equilibrium state between water and a two-component gas mixture under phase tran-
sitions based on the assumption that, over time, under the influence of an exter-
nal homogeneous stationary temperature field, which is supported by the constant
temperature of the thermostat, an open thermodynamic system (water and a two-
component or binary gas mixture of dry air and water vapor) comes to a state of
thermodynamic steady (stationary) equilibrium. Then, from the point of view of the
macroscopic description of evaporation or condensation processes, there is no mechan-
ical displacement (Figure 1) of the phase separation surface (kinetic effect), while ac-
cording to the microscopic (molecular) description, there is a distortion of the division
surface meniscus (capillarity effect), which is associated with the change of the state
(molar fraction of water vapor) of the two-component steam-air mixture at the phase
separation surface.
A quasi-classical approximation (the equality of chemical potentials in the liquid

and gas phases at the phase separation surface) in the approximation of the mixture
components (described by the normalized molar masses specified by the author) were
used in the macroscopic equation of the state of the fluid interacting through the
evaporation (condensation) of the binary steam-air mixture. The equation of the
state of a non-ideal (interacting) two-component mixture is obtained in the following
differential form

{
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Figure 1: Schematic representation of equilibrium between liquid (I) and gas phases (II)
during evaporation and condensation, respectively. Interphase surface movement – dashed

lines, meniscus surface distortion – dashed dotted lines

where PG is the current pressure in the steam-air mixture, T is the thermodynamic
temperature, δ̃x ∈{−2,2} is the deviation of the molar fraction of the component (x∗ν =
1/2(1+ δ̃x/2) – water vapor and x∗a = 1/2(1− δ̃x/2) – dry air) from the equilibrium
x∗ν = x∗a = 1/2 (δ̃x = 0) value, M̄eff , M̄∗

eff and
〈
M̄

〉
are the normalized effective,

generalized and averaged molar masses of the mixture, respectively, κ̄ = M̄ν/M̄a is
the ratio of normalized molar masses of water vapor M̄ν and dry air components M̄a

in the gas phase (M̄ν < M̄a) at a mixed state, 〈r〉 is the latent heat of evaporation, R
is the universal gas constant.
The principle of equivalence of mechanical and energy (macroscopic) character-

istics of thermodynamic equilibrium on the surface of the phase separation between
the liquid and gas phases is formulated. The conditions of the phase equilibrium in
the near-surface layer under evaporation and condensation are determined, according
to which an equilibrium curve Γeqv is obtained in the space of intensive (tempera-
ture T ) and extensive (deviation of the molar fraction of components δ̃x from the
equilibrium value) of thermodynamic variables. The relative changes (displacement
or fluctuations) of thermodynamic quantities (the increase in the pressure of the gas
mixture or the ratio of the molar volumes) in the aforementioned space of thermody-
namic variables in a sufficiently wide range of temperature T changes (between a fixed
temperature of crystallization TCr1 and boiling TCr2 water) and a typical interval of
change x∗ν and x∗a in the molar fraction of components relatively to the equilibrium
(δ̃x = 0) value are shown by the graphical methods.
In the approach PG = pν/x∗ν , where x∗ν =(1/2)

(
1+ δ̃x/2

)
, δ̃x ∈ (−2,2) is the molar

fraction of water vapor (neglecting the expansion factor [7]), pν is the partial pressure
of the water vapor (here ϕ = pν/pνs(T ) is the relative humidity of air), and pνs(T ) is
the pressure of the saturated water vapor, as the known function [8] of the thermody-
namic temperature T , obtained the dependence of the average curvature r the menis-
cus surface of the phase separation in the studied intervals of temperature variations
T ∈ (TCr1,TCr2) and linear deviations δ̃x ∈ {−2,2} of the molar particle components
relative to the equilibrium value. The change of the maximum (at T = TCr1, when
δ̃x−> 2 and T = TCr2 when δ̃x−>−2) weights of the effects of evaporation and con-
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densation according to the ratio of amplitudes or modules of the relative increase in
pressure on the surface of the phase separation at various fixed (equilibrium) values
of surface temperature TS under conditions of phase transition is considered.
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Recently it has been shown that thermodynamics as well as vapour-liquid equi-
librium in the Lennard-Jones-like hard-core attractive Yukawa fluid can be rather
accurately described within the augmented van der Waals theory. Within this theory
the original pair interaction is represented as a sum of the short-ranged and long-
ranged contributions where the former consists of both the hard-core repulsive and
short-range attractive interactions and can be identified as the interaction energy
of a target molecule with its nearest neighbour counterpart. The nearest neighbour
molecules and the corresponding interaction energy are identified by means of the
range (distance) criterion. According to this criterion the short-range interaction en-
ergy includes the full repulsion energy and the short-range part only of the full at-
traction energy, namely, the part that is responsible for the interaction of the target
molecule with its nearest neighbour molecule. The long-range interaction energy cor-
responds to the interaction energy of the target molecule with any other molecule
but from outside the first coordination shell. Then, the properties of the system as
whole are the sum of two terms: (i) the corresponding properties of the system with
short-ranged interaction, that is well suited to be evaluated from computer simula-
tions, and (ii) the van der Waals correction term that can be evaluated analytically. In
the present study this idea is discussed with respect to the Lennard-Jones interaction
model that is most popular to describe real systems.
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The problem of photooxidation of water and air pollutants has been the focus
of intensive study in the last years. Iron hydroxides have excellent photocatalytic
properties with their chemical stability, non-toxicity and a band structure depending
on the morphology. Akaganeite (β-FeOOH) with a channel structure parallel to the
c-axis, interesting sorption and ion exchange properties is a promising photo-Fenton
catalyst in a heterogeneous system. The obtaining of nanostructured β-FeOOH al-
lows combining a rapid charge transfer for carrier collection and a large surface area
for increasing the number of reaction sites and enhancement of the photocatalytic
performance.

Ultrafine β-FeOOH were synthesized by the sol-gel route combined with hydrother-
mal treatment. The iron citrate sol was obtained by slowly mixing Fe(NO3)3·9H2O
and C6H8O7·H2O aqueous solutions (0.4 M molarity) and processed under hydrother-
mal conditions at 120◦C for 20 hours. The obtained materials were amorphous (XRD
data). Mössbauer spectroscopy was used for the phase composition determination and
magnetic microstructure control. The Mössbauer spectra of the samples consisted of
a paramagnetic doublet component corresponding to the resonance absorption by the
nucleus of tetrahedral coordinated Fe3+ ions in the high-spin state. The paramag-
netic part of each spectra consisted of two doublet components with close values of
the isomeric shift (about 0.34 mm/s) and different values of the quadrupole splitting
(1.05 and 0.71 mm/s), which were close to the β-FeOOH characteristic parameters.
The frequency dependences of the complex conductivity had peculiarities typical for
disordered semiconductors – weak changes of the conductivity at low frequencies and
an increase with the growing frequency. The DC component of conductivity was about
2·10−8 Om−1·m−1. The direct optical band gap for all materials was close to 2.9 eV
and was comparatively higher to the bulk akaganeite (Eg = 2.1 eV) as a result of the
quantum confinement effect.

The reversible charge accumulation on the surface of the ultrafine β-FeOOH elec-
trode in a 1M KOH aqueous solution was studied. A three-electrode cell included
an AgCl-electrode as a reference and a Pt anode. Cyclic voltammograms were mea-
sured in dark and under visible light (1000 W/m2) irradiation (Figure 1). CVs in
the dark are characterized by the presence of capacitive peaks associated with the
charge accumulation at the electrode/electrolyte interface. The capacitive current
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Figure 1: CVA curves for β-FeOOH electrode (scan rate 1 mV/s)

peaks at negative potentials on the anode and cathode branches were attributed to
the conduction band filling and/or the exponential distribution of the surface states.
The illumination caused a shift of capacitive peaks toward the negative potentials as
a result of the space charge layer build-up on the surface of particle agglomerates.
Light-induced electrochemical doping causes enlarging of the intrinsic material ca-
pacitance as a result of a depletion layer formation at the surface of particles. The
presence of a depletion layer would enhance the efficiency of photogenerated electrons
and holes separation which is important in photocatalytic applications.
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A relative high electrical potential of titanium dioxide compared to metallic lithi-
um, as well as the presence of corresponding “guest” positions, low cost and environ-
mental friendliness makes it a perspective cathode material of lithium power sources
(LPS). A high specific surface and the resulting large number of “guest” positions are
inherent for nano-dispersed TiO2. Thus, improving TiO2 as a cathode material re-
quires first of all determining the conditions of modification for which the intercalation
lithium ions is most effective in terms of LPS functioning.

We investigated the combined influence of thermal annealing and laser irradiation
of the rutile and anatase forms of a nano-dispersed TiO2 compound in the ratio of
73:27 on the properties of an electrochemical system, formed on their basis [1,2].
Pyrogenic titanium dioxide with the average particle size of 10–60 nm was used for
the purposes of the experiment. Titanium dioxide was thermally annealed at the
temperatures of 573 K, 773 K, 973 K and 1173 K to improve the precursor material.
The powder material annealing duration was set to 1 hour. After thermal annealing
the samples were radiated with a laser operating in the modulated quality factor mode
(impulse duration τ = 15 ns, impulse energy E = 0.02 J, impulse frequency f = 56 Hz,
duration of sample series irradiation t = 3.5 and 7 minutes.)

A set of complementary methods: X-Ray analysis, transmission electron micro-
scopy, porometric analysis, thermal analysis, impedance spectroscopy and a “TIONiT
P2.00-xx” device with the “Multicycle 2.0” software were used for testing the lithium
power sources for the researched series of samples.

The average sizes of the coherent scattering anatase and rutile zones discovered by
the Sherrer method coincided with the average particle sizes of the nanoparticles of
related samples which were determined by their TEM images. The TEM also showed
that most of the nanoparticles(around 70%) had the average size of 50 nm, while the
sizes of the rest of the nanoparticles were roughly 25 nm. After annealing of TiO2 at
the temperatures of 773 K and 1173 K the sizes of nanoparticles increased relatively
to 100–120 nm and 140–200 nm.

The X-ray diffractometry of laser irradiated materials showed an increase in the
elementary lattice parameters in comparison with the thermally annealed materials
and also a phase composition of the material was discovered.
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In fact, the increase in the anatase nanoparticle size in the temperature range up
to 773 K was not accompanied by a significant change in the structural parameters
of the cell. A decrease in the elementary lattice parameters appeared, compared to
the samples annealed at 573, 973 and 1173 K after laser irradiation of the series of
samples thermally annealed at 773 K for three durations of irradiation.

Sintering of particles was observed depending on the laser irradiation duration,
and there was a decrease in the intercalant degree for t > 5 min. The possible ways to
increase the extent to which the lithium ions entered the cathode material structure
were established experimentally using laser irradiation. In this experiment, an increase
in the degree of “guest” loading of thermally annealed TiO2 samples (at 773 K)
accompanied the increase of discharge voltage on the surface. Laser irradiation of the
material annealed at 973 K and 1173 K resulted in higher discharge pressure of LDS
20%, and reduced the amount of embedded lithium.
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Recent results of positron annihilation spectroscopy studies of carbon nanostruc-
tures and metal nanoparticles in ion-implanted polymeric materials exemplified by
polymethylmethacrylate (PMMA) nanocomposites formed by boron and silver ion im-
plantation are reviewed. Slow positron beam spectroscopy techniques, such as Doppler
broadening of positron annihilation gamma rays as a function of incident positron en-
ergy, using a variable-energy slow positron beam, and positron annihilation lifetime at
constant positron energy, using a pulsed slow positron beam, were applied to examine
the carbonization and metal nanoparticles formation processes in the investigated ion-
implanted PMMA nanocomposites. In addition, some important information on the
ion-implanted polymeric materials and positronium formation probability in polymers
was obtained with a conventional approach by means of low-temperature positron an-
nihilation lifetime spectroscopy.
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The design of efficient noncentrosymmetric materials remains the ultimate goal in
the field of organic second-order nonlinear optics. Unlike inorganic crystals currently
used in second-order nonlinear optical applications, organic materials are an attrac-
tive alternative owing to their fast electrooptical response and processability, but
their alignment into noncentrosymmetric film remains challenging. Here, symmetry
breaking by judicious functionalization of 3D organic octupoles allows the emergence
of multifunctional liquid crystalline chromophores which can easily be processed into
large, flexible, thin, and self-oriented films with second harmonic generation responses
competitive to the rototypical inorganic KH2PO4 crystals. The liquid-crystalline na-
ture of these chiral organic films also permits the modulation of the nonlinear optical
properties owing to the sensitivity of the supramolecular organization to temperature,
leading to the development of tunable macroscopic materials.
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Recent advances in nanotechnology have enabled the exploration of metallic nano-
composites for diverse applications, especially, for the development of amperometric
biosensors. Some nanoparticles (NPs) of noble metals have been shown to be effective
chemo-sensing catalysts on hydrogen peroxide, a final product of enzymatic oxida-
tion of different substrates by correspondent oxidases. Such metallic NPs, as artificial
peroxidase-like enzymes (nanozymes), may be promising platforms for fabrication of
oxidase-based amperometric biosensors.

The aim of the current research is to construct an effective and cheap mono-enzyme
biosensor on primary alcohols using yeast alcohol oxidase (AO) and selected, most
effective nanozymes.

A number of metallic NPs were synthesized on the surface of a carbon electrode by
electrochemical polymerization and characterized. The most electro-active bi-metallic
chemo-sensor on H2O2 was chosen to be coupled with AO for analysis of primary
alcohols. The developed biosensor exhibits a high sensitivity (357± 35 A−1 ·M−1 ·
m−2), a broad linear range (from 10 µM to 250 µM), a good selectivity toward ethanol
and methanol, as well as a satisfactory storage stability.

The constructed biosensor was used for an ethanol assay in samples of wines
and yoghurts. A high correlation of the obtained results and the values, declared by
manufacturer, was demonstrated.

Acknowledgements
This work was financially supported by NAS of Ukraine (“Sensors for Medical, Envi-
ronmental, Industrial, and Technological Needs” Program, Project 5/3–2017), by the
Ministry of Education and Science of Ukraine (Project #0116U004737), and by the
Fellowship of the President of Ukraine for Young Scientists in 2016–2017 (N. Stasyuk).

83



ABS42

Interfacial Interaction in Elastically-Plastically

Deformed Single Crystals of Semiconductors

B. P. Koman

Ivan Franko National University of Lviv, Faculty of Electronics and Computer Technologies
Dragomanova 50, Lviv, 79005, Ukraine

Modern investigations of plasticity carried out on the example of Si, Ge NaCl crys-
tals have shown that deformation of crystals is accompanied by intensive dissipation
of energy on all structural levels with the forming of local deformation-fragmented
structures. They are divided by dislocation boundaries and have substantially different
physico-mechanical properties [1,2]. However, their contribution to the deformation
process has been not established until now. In addition, the conducted studies have
not provided sufficient information about the peculiarities of the behavior of surface
layers at different scale levels of deformation, what is an especially topical issue for
structures of micro-and nanoelectronics. The aim of this paper is to establish to role of
interfacial interactions with the participation of deformation fragments in the forma-
tion of an elastic-plastic state in semiconductor crystals at different structural levels
of their deformation as well as in the transformation of the defect-impurity structure
of the surface layers. The objects for the research were intrinsically defective crystals
CdTe, HgTe and their solid solutions CdxHg1−xTe of the semiconductor composition
(x = 0,16–0,22) grown by the Bridgman method and solid state recrystallization as
well as Si, Ge, NaCl crystals grown by the Czochralski and Stockbarger methods.
Deformation measurements were carried on a Regel-Dubov relaxometer with regis-
tration of ”stress – strain” loading curves (σ – ε). The deformation of the samples
(2× 2× 6 mm3) was performed along the longer edge at a constant rate.

Analysis of the plastic deformation of crystals on the basis of a representation of
dissipative structures allows us to understand some features of the macrofluidity of
solids that do not find justification in the mechanics of deformed solids and exclusively
in the deformation dislocation concept. The role of the near-surface layer of uniaxi-
ally deformed crystals during their deformation is studied. Forming of a “debris” –
layer which serves as a barrier to dislocations generated by “bulk” sources under sub-
sequent loading of the crystal at the pseudoelastic stage of deformation of CdHgTe
crystals is revealed. It is found out that the deformation of CdHgTe crystals, along
with the translational dislocation slipping, is accompanied by the rotational compo-
nent of the lattice strain and the emergence of new structural elements of the strain
which independently take part in the deformation process. New types of dissipative
structures which ensure the most efficient dissipation of elastic energy at this stage
of deformation of the crystal are revealed. The role of interfacial interactions in the
formation of the elastic-plastic state of single crystals of semiconductors is clarified.
The phenomenon of deformation-induced interfacial interaction which is realized in
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the crystals uniaxially deformed at a constant speed is revealed: (1) at the pseudoe-
lastic stage of the loading diagram as a result of the interfacial interaction between
the ”debris” –layer and the crystal volume; (2) at the stage of strain hardening –
between deformation fragments with different moduli (E1 ... EN ) which arise in the
deformed crystal. The loading process of a crystal at the stage (L2) of strain harden-
ing in the diagram σ(ε) is accompanied by the dislocation structure transformation in
the fragmented form and by the internal interfacial interaction that quantitatively de-
scribes the energy parameters: σh(CdHgTe) = 0,493 N/m, γh(CdHgTe) = 0.493 J/m2.
A correlation of the ”coefficient of strain hardening – interfacial tension” between the
deformation fragments in the crystal volume is found.
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In the present work, we consider a way of obtaining a generalized (non-Markovian)
diffusion equation with fractional derivatives by using the Zubarev nonequilibrium
statistical operator method [1] and the maximum entropy principle for the Renyi
entropy. The use of the Liouville equation with fractional derivatives proposed by
Tarasov in [2] is an important and fundamental step for obtaining this equation. By
using the Zubarev nonequilibrium statistical operator method and the maximum en-
tropy principle for the Renyi entropy, we found a solution of the Liouville equation
with fractional derivatives at a selected set of observed variables. We chose nonequi-
librium average values of particle density as a parameter of reduced description, and
then we received a generalized (non-Markovian) diffusion equation with fractional
derivatives [3].
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The rapid development of nanotechnology involving processes of metal deposition
on various substrates requires a theoretical analysis and understanding of electronic
effects in nanoclusters and nanofilms. If the size of the nanostructure is comparable
with the corresponding Fermi wavelength of electrons in the nanostructure, various
physical properties may strongly depend on the size of this nanostructure. This phe-
nomenon is called the quantum size effect [1] and is typical for many physical quan-
tities of metal nanofilms, such as thermodynamic stability, electrical resistivity, work
function, surface energy, etc. [2]. Due to possible differences in the properties of metal
nanostructures from the properties of the bulk metal,the research of such properties
is of considerable theoretical and experimental interest.

The first theoretical calculations of the chemical potential of the metal film within
the jellium model without taking into account the Coulomb interaction between elec-
trons are presented in [3,4,5]. However, as it is shown in [6,7], these calculations do
not take into account the condition of electroneutrality and therefore the calculated
values of the chemical potential are not correct.

In the present work, the metal film within the jellium model taking into account the
Coulomb interactions between electrons is studied. The surface potential is modeled by
the infinite rectangular potential well. In the limit of low temperatures, calculations of
the chemical potential and the distance between the side of the film and the potential
wall of an infinite height are performed for different values of the Wigner-Seitz radius.
The chemical potential is found as a solution of the nonlinear equation which is
obtained in [8] by using the functional integration method. The dependences of the
calculated quantities on the film thickness are studied. It is shown that taking into
account the Coulomb interaction between electrons leads to a significant decrease in
the chemical potential and an increase in the distance between a side of the film and
the infinite potential wall, and to an increase in the amplitudes of its oscillations, i.e.
to an enhancement of the quantum size effect. It is shown that if the film thickness
increases, the chemical potential of the film tends to the bulk chemical potential, i.e.
to the chemical potential of the unbounded metal within the jellium model, and the
distance tends to magnitude, which is obtained in [8] for the semi-infinite jellium.
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A two-dimensional mathematical model of carbon monoxide (CO) oxidation is in-
vestigated for the Langmuir-Hinshelwood mechanism [1] on the surface of a Platinum
(Pt) catalyst. The adsorbate-driven (1× 2)− (1× 1) structural phase transition of
Pt(110) [2,3] is taken into account. The stability analysis of model solutions is carried
out. It is shown that the spatio-temporal periodic chemical oscillations of the CO and
the oxygen (O) surface coverage and a fraction of the surface in the non-reconstructed
(1×1)-state occur in a narrow region of the phase diagram between two homogeneous
steady states of high and low catalytic activity.
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The investigations of the optical properties of chalcogenide glasses and thin films
based on them have their own peculiarities. For example, in the group of classical
semiconductors they are distinguished by high thermal- and photosensitivity. On the
one hand, photosensitivity makes them a material for optical recording of informa-
tion. On the other hand, they change their optical characteristics in the process when
investigated by the method of transmission spectroscopy. It turns out that the sys-
tem behaves nonlinearly, which poses fundamentally new problems in optics. Unfortu-
nately, there is no application for chalcogenide glasses regarding the high temperature
sensitivity. On the contrary, they have a disadvantage as an irreplaceable material for
IR optics in this respect.

This fact also stimulates research that is of a technological and materials science
nature. Such studies should result in the production of a material with specified
optical parameters and at a given temperature. It follows that the study of the optical
properties of chalcogenide glasses at the photo-and thermal impact is significant [1,2].

We investigate chalcogenide glasses of various types and compositions, for exam-
ple, As(Ge)-S(Se)-I(X) systems, which were prepared in our laboratory, as well as
industrial high-purity glasses of IKS-# brands.

The material is illustrated by a variety of graphical representations. Some of them
are given in this abstract. 1. Ellipsometry (Figures 1 and 2), 2. Transmission spec-
troscopy (Figure 3).

Moreover, the reflectance spectroscopy results will be presented. The latter area
of investigations has been chosen recently. Here new theoretical results are obtained.
They concern the processing of reflection spectra based on the Kramers-Kronig re-
lationships. The Robinson-Yahoda equation is solved using a developed computer
program. The investigations made it possible to obtain the optical characteristics of
many glasses for which the reflection spectra were known. Numerous graphic illustra-
tions on this item will be presented in the report.
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Figure 1: Evolution of ellipsometric parameters under photo- and thermal-transitions
in As2S3 thin film with a thickness d = 2 µm

Figure 2: Kinetics of photodarkening and photobleaching under the influence of laser
radiation (wavelenght about 465 nm) of the same thin film on a silicon substrate from
ellipsometric measuements and calculation in an anisotropic film model: (a) fresh film;

(b) thermally annealed film

Figure 3: The transmission spectra of As2S3 film 2.15 µm-thick on fused quartz substrate:
1 – the fresh film, 2 – film after exposure, 3 – lighted film after heating to 170◦C

and cooling in air
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Nanocomposite materials attract the attention of researchers due to the unique
properties which allow their wide application in various areas of engineering and
technology. Al-based alloys occupy a central position among the family of such alloys
owing to the low density, high electrical conductivity, good corrosive resistance and
other properties. During the last decade growing interest in Al-Ni-REM alloys (REM-
rare earth element) has been observed. Alloys with Y, La, Dy and Gd, containing
80–90 at.% Al, 5–10 Ni, 5–10 REM have been most promising for application. Fist of
all it is due to the good mechanical properties of these alloys, it is particularly their
yield strength which reaches 1.0-1.6 GPa that allows using them in the industry.

We investigated the short range order structure and nanocrystalization kinetics
of an Al86Ni8−xCoxGd6 (x = 0; 2 at.%) amorphous alloy within a wide temperature
range by means of the high temperature X-ray diffraction method. The main pa-
rameters of the short range order were estimated from the diffraction data and the
variation of these parameters with heating was analyzed.

It was shown that the main feature of the structure was the formation of the
medium range order due to the proffered interaction of Al and Gd atoms. Nonmono-
tonic behavior of the temperature dependence of relative integral intensity of the
pre-peak in the intensity curves was observed which evidenced structure relaxation
occurring within the temperature range of 135–1500◦C. It was also pointed out that
in both alloys the formation of the nanocomposite structure of Al nanocrystals, em-
bedded in a residual amorphous matrix took place at the initial crystallization.

Partial substitution of Ni-atoms by Co-ones leads to an increase in the initial
temperature of transformation by ∆T = 200◦C. The mean size of Al nanocrystals
changes within the range of 5–20 nm over the entire temperature interval of the initial
crystallization. The analysis of temperature changes of the size of nanocrystals, their
volume fraction and density allowed us to reveal significant retardation of nucleation
and growth processes at the finishing stage of transformation that was the evidence of
transition from nucleation and the growth process to a diffusive-controlled one for Al
nanocrystals. The variation of the phase content on the Co-atoms concentration was
revealed by means of X-ray diffraction investigation of completely crystallized alloys.
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Experimental determination of critical point data like critical temperature, critical
pressure, critical volume and critical compressibility of high-melting metals such as
niobium is very rare due to the outstanding experimental difficulties in reaching the
necessary extreme temperature and pressure regimes.

The experimental techniques to achieve such extreme conditions could be diamond
anvil devices, two stage gas guns or metal samples hit by explosively accelerated
flyers. Electrical pulse-heating under increased pressures would be another choice.
This technique heats thin wire samples, 0.5 mm in diameter and 40 mm in length
from room temperature to melting and then further to the end of the stable phase, the
spinodal line, within several microseconds. When crossing the spinodal line, the sample
explodes and reaches the gaseous phase. In our laboratory, pulse-heating experiments
can be performed under variation of the ambient pressure from 1 to 5000 bar and allow
direct determination of critical point data for low-melting, but not for high-melting
metals.

However, the critical point also can be estimated by extrapolating the liquid phase
density according to theoretical models [1]. A reasonable prerequisite for the extrap-
olation is the existence of data that cover as much as possible of the liquid phase
and at the same time exhibit small uncertainties. Ohmic pulse-heating was therefore
applied to determine the thermal volume expansion, and from that the density of nio-
bium over the entire liquid phase. As a first step, experiments under ambient pressure
were performed. The second step will be to perform experiments under high pressure
conditions.

During the heating process, shadow images of the expanding sample wire were
captured at a frame rate of 4 ·105 fps to monitor the radial expansion as a function of
time. Simultaneously, the sample radiance was measured with a pyrometer operating
at a mean effective wavelength of 652 nm. To increase the temperature deduction
accuracy, spectral emittance in the liquid phase is also taken into account. Due to the
high heating rates of about 2 · 108 K/s, longitudinal expansion of the wire is inhib-
ited which implies an increased radial expansion. As a consequence, measuring the
temperature dependent radial expansion is sufficient to deduce density as a function
of temperature. This is accomplished by evaluating the full widths at half maximum
of the cup-shaped intensity profiles that are calculated from each shadow image of
the expanding wire. Relating these diameters to the diameter obtained before the
pulse-heating start, the temperature dependent volume expansion is calculated. With
the help of the known room-temperature density, volume expansion is then converted
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into density data. The so-obtained liquid density behavior is compared to existing
literature data and provides another independent source of experimental data.

In this work, the newly determined off-critical liquid phase density was in the
second step utilized as input data for the niobium critical point estimation. The
approach used, heuristically takes into account the crossover from the mean field to
the Ising behavior, as well as the non-linearity of the phase diagram diameter.
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[1] Schröer W, Pottlacher G 2013 High Temperatures-High Pressures 43 201

94



ABS49

Phase-Separation in (GeS2)100−xAgx,

(Ge42S58)100−xAgx and (GeS3)100−xAgx Glasses

I. M. Lishchynskyy1, O. M. Voznyak1, T. Wagner2, I. G. Kaban3

1Faculty of Phycics and Technology, Vasyl Stefanyk Precarpathian National University
Shevchenko 57, 76000 Ivano-Frankivsk, Ukraine

2Department of General and Inorganic Chemistry, Faculty of Chemical Technology
University of Pardubice

Cs. legii. 565 square, 53210 Pardubice, Czech Republic

3Leibniz Institute for Solid State and Materials Research Dresden –
IFW Dresden, Institute for Complex Materials
PO Box 270116, D-01171 Dresden, Germany

Due to the continuously increasing amounts of digital information with which
people are dealing, the demand for memory devices capable of storing, communicating
and computing this information is also growing. Currently, flash memories based on
a charge storage are widely used and continuously replace hard disc drives. However,
flash memories are challenged by a down-scaling problem because of the charge leakage
from the storage layer. In this view, alternative memory technologies such as, for
example, phase-change memories (PCM), redox conductive-bridge memories (RCBM)
and conductive-bridge memories (CBM) have been suggested [1].

The chalcogenide glasses (e.g. Ge-S-Ag used for conductive-bridge memories)
which are basically semiconductors become superionic conductors upon doping with
metal species. Ge-S-Ag glasses are very attractive first of all due to a significantly
higher glass transition temperature and consequently better thermal stability com-
pared to the Ge-Se based glasses [2].

Also, Ge-S-Ag glasses are free of toxic elements.
We present the results of investigations of rapidly quenched (GeS2)100−xAgx alloys

(x = 0, 5, 10, 15, and 20 at.%), (Ge42S58)100−xAgx and (GeS3)100−xAgx alloys (x = 0,
5, 10, 15, 20, and 25 at.%) carried out at the Institute for Complex Materials, IFW
Dresden and the Vasyl Stefanyk Precarpathian National University.

The microstructure of the Ge-S-Ag glasses, and particularly phase separation, was
studied using a ZEISS (SEM) DSM 982 Gemini Digital Scanning Electron Microscope
equipped with a Bruker energy dispersive X-ray spectrometer. The SEM micrographs
of the binary GeS3 and ternary (GeS3)75Ag25 glasses revealed homogenous microstruc-
tures, whereas the samples with x = 5, 10, 15, 20 at.% were found to be phase sep-
arated. The SEM images and the EDX analysis of the (Ge42S58)100−xAgx samples
showed that they were constituted of an amorphous single phase up to x = 20 at.%.
Ge crystals were detected in the glassy matrix at x = 25 at.%. A homogenous single
phase glassy state was observed for the binary GeS2 and ternary (GeS2)95Ag5 and
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(GeS2)80Ag20 quenched alloys. On the other hand, the glasses with 10 and 15 at.%
Ag were phase separated.
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It is known that layered crystals are a set of layers with covalent or ionic-covalent
interactions within them and a weak, van der Waals, interaction between them.

Such specific interaction, under certain conditions, allows the insertion into the van
der Waals gap (intercalation) or the withdrawal from it (deintercalation) of foreign
atoms (molecules). The van der Waals gap may be considered as a nanoobject with
a high specific surface, suitable for the high-capacity energy storage. Intercalation can
significantly change the physical characteristics of layered crystals, and therefore their
research is relevant.

We consider an ideal layered crystal with a potential along the normal to its
layers (Figure 1). Here an electron behaves like a plane wave with some effective
mass. Figure 1b shows the section of a layered crystal with intercalated atoms (black
circles) in its van der Waals gap.

A penetrating atom (or molecule) in the van der Waals gap of the layered crystal
causes local distortion of its potential, namely both growth and fall. Figure 1c shows
local growth of the potential caused by an intercalated atom with some averaged
potential outside the intercalated region.

1 2 3

а)

b)

c)

Figure 1: Schematic potential of layered crystals along C-axis – normal to the layers (a)
and its section with intercalated atoms (black circles) in van der Waals gap (b); potential
with an energy barrier formed by intercalated atoms with some averaged potential outside

the intercalated region (c)
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Figure 2: Tunneling probability T of an electron without (a) and with spin rotation (b)

We consider a system with a potential barrier in the constant magnetic field B.
Two cases of electron tunneling through the barrier are analyzed: without and with
spin rotation (The latter case is possible at antiferromagnetic spin-orbital interaction).

The obtained results of tunneling probability T (E,B) without spin rotation (a)
and with spin rotation (b) as function of the magnetic field B and energy of electron
are shown in Figure 2. A nonmonotonic character is seen at both fixed magnetic field
B and fixed energy.

The results indicate that magnetic field B is an effective means of control of
the tunneling probability. In particular, in the case of fixed energy of an electron
the tunneling can be controlled by a magnetic field in both cases – with and without
electron spin rotation – in passing through the barrier. Moreover, if we consider a sub-
barrier electron, its tunneling is practically absent. However, the magnetic field can
transfer it into an over-barrier state, where tunneling probability is 1.
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Films of a GaSb-GeTe system with the thickness near 50 nm were prepared using
the flash vacuum evaporation method. Ceramic, glass and spalling NaCl monocrys-
tals were served as substrates. The structure, substructure and kinetics of structural
transformations depending on the technological conditions of evaporation of thin films
of a GaSb-GeTe system were studied by electronography (EG-100) and transmission
electron microscopy (UEMB-100K) methods.

The temperature of the substrate supported in a precipitation process of films
has a dominant effect on the structure formation of the explored films. As the elec-
tronography investigations showed, the films of all the investigated compositions of the
GaSb-GeTe system obtained at room temperature were amorphous. The GaSb three-
fold coordination in the distribution of the proximate atoms is observed in amorphous
films. The atoms of Ge are surrounded, on average, by two Ge atoms at a distance of
0.244 nm and two Te atoms at a distance of 0.259 nm, the Te atoms are surrounded
by two Te atoms at a distance of 0.259 nm in the amorphous films of GeTe. A con-
tinuous decrease in the averaged area at the first coordination maximum determined
from the radial distribution curve (from 2.77 units for a-GaSb to 2.44 for a-GeTe),
as well as a linear change of the nearest interatom distance (from 0.272 nm for a-
GaSb to 0.255 nm for a-GeTe) with the increasing GeTe concentration, witnesses the
formation of an alloyed structure in the films of the investigated system.

The electrical conductivity of GaSb films at temperatures above the room temper-
ature is determined by an activation mechanism of conductivity with the activation
energy 0.32 eV and at low temperatures it becomes hopping conductivity in local-
ized states around the Fermi level. The density of the localized states at the Fermi
level is near 4 · 1018 cm−3eV−1. With an increase in the GeTe concentration in the
films, the density of the localized states at the Fermi level decreases and the activa-
tion conductivity becomes dominated with an increase in the activation energy up to
0.35 eV. With the growing GeTe concentration, the conductivity of the amorphous
films measured at room temperatures sharply decreases.
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Great attention has been paid to alloys with an amorphous structure associated
with the possibility of acquiring specific properties in the amorphous-nanocrystalline
state. Amorphous-nanocrystalline alloys are a new class of materials obtained as a re-
sult of intensive research of nanotechnology and advanced amorphous and nanocrys-
talline materials. In terms of physical properties, biphasic amorphous-nanocrystalline
materials exceed the properties of both nanocrystalline and amorphous materials,
creating a significant synergistic effect. The theory of a high-temperature stability
of an amorphous alloy has the following areas of practical application: an increase
in the thermal stability of amorphous alloys by heat treatment in the temperature
range where crystalline germs can be dissolved in the amorphous phase (∆µi < 0); and
obtaining the amorphous-nanocrystalline state from the initial amorphous state by
isothermal annealing at temperatures which will be controlled by the crystal growth
of embryos that are (∆µi > 0) [1]. Based on the analysis of the theory of high ther-
modynamic stability of amorphous alloys we proposed a method for the amorphous-
nanocrystalline state from the initial amorphous state by isothermal annealing at
temperatures where the controlled growth froze the crystallization centers (∆µi > 0).
According to the researched object, the selected multicomponent amorphous alloys
were based on a basic binary Co-B system. The main characteristic of the thermal
stability of amorphous alloys begins in intensive crystallization temperature, which is
determined using highly sensitive dilatometer techniques. The table shows the begin-
ning intensive crystallization temperature Tk by initial alloys, the temperature of heat
treatment Tannealing, the part of the crystalline phase X in the samples performed
after heat treatment and the relative change of the microhardness between the initial
samples and the samples after heat treatment (Han−H0)/H0.

Amorphous alloy Tk [◦C ±5◦C] Tannealing [◦C] X ((Han−H0)/H0) · 100

Co84Fe5.3Si8.5B2.2 519 485 0.30 21.4

Co72.5Ni12Fe5.5Si6.4B3.6 551 515 0.29 22.9

Co83.85Fe5.7Si7.85B2.6 560 500 0.31 23.7

Co67Fe3Cr3Si15B12 458 420 0.17 15.7

Co55Fe5Ni14Si16B10 529 500 0.20 14.6

It was established that the part of the crystalline phase in the obtained material
was X = (0.17÷ 0.31), while the increase in the microhardness was (15.7÷ 23.7)%
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compared to the original amorphous state. This fact can be explained by the growth
of frozen crystallization centers in the samples and the formation of the amorphous-
nanocrystalline state.
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The paper will present the results of studies on the influence of the theory of
waves on my current printmaking. I think that although it has been quite a well-
known problem for physicists or mathematicians, artistic creativity is fundamentally
new for them. In this paper I will present the contemporary phenomena from the
scientific point of view – the cultural influence on the formation of my artistic work.
This is a basic problem which has been essential in my recent creative activities.

The target of my research is to show the impact of modern scientific issues relating
to radio, television, marine, light waves in the context of my current graphic art.

Materials and Methods: presentation of my recent graphic artwork from the ex-
hibition entitled Fluctus and presentation of selected materials presenting pictures of
waves. Another element will describe my planned next exhibition under the same title
which is to be presented in the Japanese gallery CASO in Osaka in 2017.

The purpose of the paper is to demonstrate that the wave to me is synonymous
with the contemporary reality.
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Modern nanostructured heat-resistant metals (NHRMs) are used in modern high-
temperature technologies aimed at creating sensors for space technology for the study
of plasma objects by introducing into their volume foreign nanoscale inclusions that
form a multiply connected 3D structure in the bulk of the base metal (BM) [1]. The
dynamic equilibrium of the electronic subsystems of the BM matrix and the nan-
ocluster (Nl) results in a redistribution of the effective local carrier density both in
the volumes of individual NIs and in BMs, which ultimately changes the effective
level of the electrochemical potential of the structure carriers as a whole [2]. The
development of the foundations of the theory and calculation of the local Fermi level
of carriers in nano-structured heat-resistant metals (NHRM) is one of the topical
problems of high-temperature electronics. Typically, the NHRM element is a single-
bonded metal matrix with an embedded subsystem of NIs of other materials (metals,
high-temperature semiconductors or nanosized warps-fill volume defects in the form
of pores of a certain geometry regularly or randomly distributed in the sample). The
presence of the NIs-structure embedded in the BM changes its electrophysical prop-
erties which are determined by the local redistributed carrier density in the sample
volume, that is, in the final analysis, by the averaged level of the electrochemical
potential of the carriers and by the parameters of local thermodynamic equilibrium
(LTE)). Known methods of accounting for the quantum-size effects in NIs contain
many adjustable parameters and, most importantly, assume the Fermi level of F elec-
trons n the sample to be known, which makes it difficult to implement them for the
use in applications where F is not a known function [3,4]. At the same time, the
local values of F and ts that change “along the volume”, due to the action of local
electric fields in the sample, are of primary interest for the development of sensitive
elements of nano sensors. Within the given “plasma” framework, the electrochemical
potential F depends only on the electronic and dielectric constants of BM and NI,
and on the concentration and geometric properties of NI subsystem, which are de-
termined from the experiments. This gives new opportunities in the technologies of
sensor development with the help of NHRMs.

In the present work the distribution of the local Fermi level for the carriers in the
sample volume is proposed for the samples with planar, cylindrical or spherical defects
of volume filling (DVFs), based on the proposed statistical plasma approach for the
description of electrophysical properties of nanostructured materials. The influence of
the determining parameters of nanostructure (electronic and dielectric characteristics
of BM, geometry, concentration and size of NI) on the level of electrochemical potential
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of carriers and the distribution of local electric fields in the vicinity of DVFs is studied.
The main point of the proposed statistical approach is the concept of a statistical
cell of the quasi neutrality of the sample – the smallest instantaneous electrically
neutral region of the volume of the NHRM isolated by the simply connected element
of the surface Π of the extreme of the local self-consistent potential of the system,
completely containing the volume of isolated Nl (DFV). Statistical averaging of the
local parameters over the ensemble of cells for DPVs gives the effective values of the
electronic properties of the sample. For a number of heat-resistant metals: niobium,
tantalum, rhenium, etc., containing subsystems of identical DFVs, complex computer
calculations of the functional dependences of effective electronic properties in the
region of thermodynamic parameters characteristic of applications were carried out.
The application of the new results obtained to solve the problems of telediagnosis of
heterogeneous plasma formations in the atmosphere and in space is analyzed, based
on the general formulas [5].
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Iron oxides and oxyhydroxides, in particular akaganeite β-FeOOH, have been of
a great scientific and technological interest due their low cost, being environmentally
friendly, good stability as pigments, catalysts, sorbents and ion-exchange materials.
The obtaining of ultrafine akaganeite with a significant surface area is an important
scientific problem. The particle size and morphology determine the electronic proper-
ties of nanodispersed β-FeOOH and specify the successful use of materials. The iron
oxyhydroxides β-FeOOH with a tunnel structure and rod-like morphology were syn-
thesized by controlled precipitation. Three systems (F1, F2 and F3) were obtained at
a different molar concentration of FeCl3·6H2O in the initial mixture (0.1 M, 0.37 M
and 0.55 M, respectively). All the samples were monophase β-FeOOH (XRD and
Mössbauer spectroscopy data). The Mössbauer spectra of all β-FeOOH samples are
characterized by the presence of a dominating doublet component which corresponds
to absorption by the nucleus of tetrahedral coordinated ions Fe3+ in the high-spin
state. The formation of a doublet component is a result of size effects and super-
paramagnetism phenomena. For the spectra obtained at room temperature (293 K)
the transition from a magnetically ordered to superparamagnetic state occurred for
particles with sizes smaller than 25 nm (spherical approach) due to the comparatively
low values of magneto-crystalline anisotropy (about 2.1 · 103 J/m3). This result is in
good agreement with the XRD data about average sizes of CSR. All experimental
spectra are a superposition of the two doublets with a close isomeric shift (about
0.35–0.37 mm/s) and different quadrupole splitting (of about 0.6 and 1.1 mm/s). The
presence of two doublets can be explained by the difference in near surroundings of
57Fe nuclei located in non-equivalent crystal positions in the inner and outer parts of
sintered β-FeOOH particles which form a mesoporous grid [1].

The ratio between relative areas of doublets depends on the molar concentration
precursors for all samples and has the minimum value for sample F1. The magnetic
component of the Mössbauer spectra is very broad only for sample F1, hence, the
average particle size is close to 20–25 nm. This result is confirmed by direct observation
by a TEM: sample F1 consists of ellipsoidal agglomerates with about 40× 200 nm in
size. Agglomerates were observed for sample F3, too. At the same time sample F2 is
characterized by separate particles with the average sizes of not more than 30 nm.
The specific surface areas for systems F1, F2 and F3 were 138, 143 and 190 m2/g.
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The obtained materials have direct optical band gaps – 2.8, 3.0, 2.7 eV for samples
F1, F2 and F3, respectively. Thus, the band gap values for F1, F2 and are higher than
for the bulk akaganeite (Eg about 2.0–2.1 eV) as a result of the quantum confinement
effect.

The CVA curves of the β-FeOOH electrode (1 M Li2SO4 electrolyte, scan rate of 1–
20 mV/s, potential window of −0.8–0.0 V vs. Ag/AgCl) consist of redox peaks which
corresponds to the surface faradic reactions β-FeOOH+OH−→ β-FeOOH+H2O+e−.
For all systems the specific capacitance decreases with the scan rate increasing which
is caused by diffusion of electrolyte ions limiting at high scan rates. The Li+ diffu-
sion coefficients (calculated from CVA according to [2]) are in the range 2 · 10−15–
3 · 10−13 cm2/s, hence these materials are promising for electrochemical application
based on fast reversible redox processes.
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Nowadays the basic task of physical material science is developing and searching for
new materials and finding new simpler and cheaper methods of synthesizing already
known materials. Perovskite-type oxides ABO3 have been widely used as a heating
element, a solid oxide fuel cell interconnector, a catalyst, negative temperature co-
efficient thermistor materials. Some of those oxides were found to electrochemically
repeat the hydrogen charge and discharge in alkaline solutions[1].

A Perovskite-like material was synthesized in two stages. The first stage was
a sol-gel method with auto burning and the second stage was annealing. The ini-
tial materials for the sol-gel synthesis in the first stage were nitrate crystal hydrates
La(NO3)3 · 6H2O, Co(NO3)3·6H2O and citric acid as complex formation. Reagents
dissolved in distilled water and mixed. 10% ammonia solution was then added into
the resulting solution to establish the level of pH to 7. The prepared solution dried
with access to air in an oven at 140◦C for a day. After that the resulting xerogels were
heated up to a temperature of 230◦C, auto-combustion was activated at this temper-
ature. The structure of the material obtained after auto-combustion was checked by
an X-ray diffractometer (Figure 1).

Figure 1 shows that the synthesized material is similar to amorphous. In the second
stage amorphous powder was annealed at different temperatures and each annealing

Figure 1: Diffraction of amorphous synthesized perovskite LaCoO3
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Figure 2: Annealing LaCoO3 with different temperatures

was carried out within 1 hour. Figure 2 shows a change in the diffraction pattern with
temperature. A perovskite-like structure LaCoO3 appears at the annealing tempera-
ture of 600◦C, but this structure is not homogeneous. Homogeneous perovskite-like
complex oxide LaCoO3 was obtained at the annealing temperature of 900◦C.
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The massive development of the world electronic technology follows a general trend
of miniaturization, portability and functionality. The development of mobile phones is
a typical example of miniaturization, from the transistors based huge-size machine, to
solid state MOSFET based handhold cell phones or smart watches with communica-
tion functionality. Such small size electronics operates at ultralow power consumption,
making it possible to be powered by the energy harvested from our living environ-
ment. New technologies that can harvest energy from the environment as sustainable
self-sufficient micro power sources are a newly emerging field of nano-energy, which
is about the applications of nanomaterials and nanotechnology for harvesting energy
for powering micro- or nano-systems. We have mainly utilized two physical effects
for harvesting small-magnitude mechanical energies: the piezoelectric effect and the
triboelectric effect. Since the former is described quite well in the literature, we will
consider here only the second type of transducers [1].

In this work, we demonstrate a combined triboelectric-piezoelectric generator
which uses the ferroelectric Sn2P2S6 powder as an active material. If triboelectri-
cally or piezoelectrically charged particles can move freely in any direction within
suitably placed electrodes, it will be possible for an energy harvester to generate elec-
trical energy regardless of the direction of movement due to its inherent freestanding
feature [2].

A generator-cell consists of a cube made of an insulator, opposite inner sides which
are coated with nanostructured aluminum or copper electrodes. 20% of the cell con-
tains the Sn2P2S6 ferroelectric powder (with the particle size of 50–100 microns).
The minimum size is limited by the piezoelectric parameters of the particles. 3 pairs
of electrodes are connected to an AC-DC converter, and then to a voltage driver
and an energy storage device (battery or supercapacitor). In the presence of external
vibrations, powder particles rub against the electrodes. The electric current is gener-
ated due to the triboelectric effect. Additional charge on the surface of ferroelectric
particles is accumulated thanks to the piezoelectric effect. The correct orientation of
polarized particles is realized automatically due to electrostatic interactions with the
charged electrodes.

The fluid-like characteristic of the powder removes restrictions on the geometric
design of the container. There is a possibility to create generators with various forms:
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cube, sphere, cylinder, tube. The size of the device may vary from 5× 5× 5 mm3

(or smaller) to 0.5× 0.5× 0.5 m3 (or bigger).
The main advantages of the proposed generator: waterproof, insensitive to the

direction of motion, highly efficient, durable, scalable.

References
[1] Zhonglin W, Long L, Jun Ch, Simiao N, Yunlong Z 2016 Triboelectric Nanogenerators

(Green Energy and Technology) Springer 517
[2] Daewon K, Yura O, Byeong-Woon H, Seung-Bae J, Sang-Jae P, Yang-Kyu Ch 2016 ACS

Nano 10 (1) 1017

110



ABS58

Thermodynamic Properties of Superionic Phase

Ag4HgSe2I2 Determined by EMF Method

M. Moroz1,2, F. Tesfaye1, M. Prokhorenko3, O. G. Mykolaychuk4,
O. Reshetnyak5

1Johan Gadolin Process Chemistry Centre, Laboratory of Inorganic Chemistry
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The overall progress of renewable energy harvesting in materials science is largely
associated with the discoveries of new solid-state electrolytes with purely ionic and
mixed (ionic-electronic) conductivity. Solid electrolytes are essential components of
the new type of batteries, fuel cells, supercapacitors, and functional air pollution sen-
sors [1,2]. The optimization technology of synthesis of new multicomponent inorganic
materials, in particular superionic compounds, is impossible without a preliminary
analysis of the thermodynamic properties of intermediate phases.

Triangulation of the Ag-Hg-Se-I system in the vicinity of the quaternary phase
Ag4HgSe2I2 was performed by differential thermal analysis, X-ray diffraction and elec-
tromotive force (EMF) methods. The spatial position of the phase region Ag4HgSe2I2-
Se-HgI2 regarding the figurative point of silver was used to write the chemical reaction
of a formation of Ag4HgSe2I2. The EMF measurements were carried out by applying
electrochemical cells: (−) C | Ag | Ag2GeS3 glass | Ag4HgSe2I2, HgI2, Se | C (+)
and (−) C | Ag | Ag2GeS3 glass | Ag4HgSe2I2 | C (+), where C is graphite and
Ag2GeS3 glass is the purely Ag+ ion fast conducting electrolyte. The assembly of
the concentration chains and the method of carrying out measurements are described
in detail elsewhere [3]. The linear dependencies of the EMF of the electrochemical
cells on temperature were used to determine the standard thermodynamic values of
Ag4HgSe2I2 for the first time:

∆fG◦
Ag4HgSe2I2 [kJmol−1]=−(194.2±0.2)− (34.8±0.5) ·10−3T [K], 298≤T [K]≤410

The activity of silver in a quaternary compound was also determined. Furthermore,
the superionic properties of Ag4HgSe2I2 were characterized.
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It is well known that liquid metallic alloys reveal a short range order in the atomic
arrangement contrary to solid ones, whose atoms show a large scale periodicity in
distribution. It follows from the results of numerous diffraction studies, measurements
of physical properties and computer simulation investigations that the short range
order structure is dependent on many thermodynamic parameters, but it is most
sensitive to the temperature and composition. In case of binary or more complex alloys
the total short range order consists of a topologic short range order and a chemical
one. Each of them depends on ordering processes and is related to the thermodynamic
characteristics, first of all to entropy, which is a direct measure of the ordering degree.
Unfortunately, there are only few works in which the relation between the ordering
processes in metallic liquid systems are studied combining the thermodynamic and
structure characteristics.

We have investigated liquid metals and metallic binaries with different kind of
phase diagrams in which the formation of atomic solutions, eutectic phases, inter-
metallics or two immiscible phases, coexisting within some temperature and concen-
tration range, occurs. The results of X-ray diffraction studies allowed us to point out
a conclusion about the existence of clusters of a different kind, due to which the de-
gree of ordering increases. We compared the values of entropy which were maximal
for liquid solutions and minimal for melts with chemically ordered clusters with the
parameter of ordering obtained from the diffraction data.
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An amorphous structure is metastable and it transforms into a crystalline structure
under heat treatment. Laser irradiation also heats the alloy, but the heating/cooling
rate is very high, hence the crystallization process occurs under nonequilibrium condi-
tions that depend on the spatiotemporal and energy parameters of the laser beam. The
non- equability may change the crystallization mechanism resulting in the formation
of nontypical or even some new phases, especially for a multicomponent alloy. For the
time being, the laser induced crystallization process has not been studied sufficiently
enough to predict structural changes, and thus the properties of amorphous-crystalline
materials. All this determines the aim of our research.

An amorphous Fe73.5Nb3Cu1Si15.5B7 alloy was obtained by rapid cooling from
a melt in the form of a ribbon with about 25 µm in thickness and about 15 mm in
width. The ribbon was irradiated by a laser with a wavelength of 1.06 µm, power
– 42 W and a Gaussian distribution of the radiation intensity. During irradiation
a sample of the ribbon was placed at a distance from the focal plane of the lens so
that the size of the laser spot on the surface of the ribbon was about 10 mm. The
duration of the exposure changed within the interval 0.25–0.70 s.

The structure of the irradiated samples was studied using the X-ray diffraction
method (XRD) and a DRON-3 diffractometer (Co-Kα radiation, λ=1.7902 Å). Phases
that crystallize at laser irradiation were determined by defining the position of diffrac-
tion peaks. The structural changes of the irradiated surface were studied using a scan-
ning electron microscope.

As a result of laser irradiation of the amorphous alloy Fe73.5Nb3Cu1Si15.5B7 by
continuous laser irradiation with a power of 42 W and the exposure duration of about
0.55–0.70 sec. a two-component nanocrystalline alloy with α-Fe(Si) and H-hexagonal
phases (hexagonal phase, rhombohedral distortion of α-Mn structure) were formed.
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Intermetallic compounds with a wide homogeneity region, as well as other in-
termediate phases, are the basis of multicomponent alloys with different functional
characteristics, depending on the type of these phases and the nature of the alloy-
ing elements. But in order for their use to be as extensive and effective as possible,
such systems should be investigated not only in the solid but also in the liquid state.
In this plan, the actual issues of the relationship between the specific structure of
non-stoichiometric solid alloys and the short range order in the liquid phase and the
thermodynamic conditions of their crystallization arise.

The high-temperature X-ray diffraction method was used to study the structure of
the melts of a quasi-binary Al2Cu-Fe system at various temperatures. The structural
factors and pair correlation functions were analyzed.

The prepeak (i.e. an additional maximum at low values of the diffraction vector)
on the curves of the structural factors of the Al2Cu compound indicates that the
structural units in the melt correlate at distances larger than the distances to the
nearest neighbors surrounding the atom. Since the short-range order corresponds to
the local environment of the atom, the so-called medium-range order corresponds
to correlations outside the nearest environment of the atom. The asymmetry of the
second maximum of a structural factor is usually associated with the presence of an
icosahedral atomic arrangement in the melt.

Experimental structural factors of the melting of the Al2Cu compound with the
addition of 5 to 20 at.% Fe have a precession in the vicinity of 11–21 nm−1 and an
influx at the second maximum on the right side. Both features of the SF disappear,
when heated.

The prepeak on the SF indicates a chemical arrangement in the melt, which cor-
relates with the formation of the phase structure of Al7Cu2Fe at temperatures close
to the liquidus line.

The asymmetry of the second SF maximum indicates the presence of icosahe-
dral polytetrahedral clusters in the melt, from which the formation of the nuclei of
quasicrystals occurs.
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The problem of the porous structure formation in nanoporous carbonaceous ma-
terials (NCM) which are the basis of electrodes of electrochemical capacitors (EC) is
still relevant both in scientific and in applied terms. NCM are not only the basis of
classical EC, which operates on the principle of charge/discharge of the double electric
layer, but they are also practically an integral part of devices of hybrid and pseudo-
capacitors. The porous structure, formed in the NCM in different ways, determines
the possibilities of their application in charge accumulation devices. In particular, the
pore size distribution and the surface area are the most important characteristics,
without which it is impossible to select one or another electrolyte and to establish the
optimal ratio between the internal resistance and the specific capacity of EC [1].

The results of electrochemical studies of NCM as the electrode material for EC
have been shown in the work. The NCM were obtained from raw materials of plant
origin by carbonization and activation with sodium hydroxide. Carbonated material
was activated by sodium hydroxide at a temperature of 600, 700, 800 and 900◦C.
Carbon was mixed with NaOH and water in the ratio 1:1:1. After activation the
material was washed off by hydrochloric acid and hot distilled water to neutral pH.

EC electrodes were formed by pressing the NCM and a conductive additive in the
form of lamella on a nickel grid. The formed electrodes were placed in a two-electrode
cell with typical size “2525”, which was sealed after having been poured with 3 M
aqueous KOH as the electrolyte.

The specific capacity characteristics of the obtained EC were studied by galvano-
static cycling at a discharge current of 10–100 mA. The dependence of EC specific
capacitance on the thermochemical activation temperature was established on the
basis of the analysis of galvanostatic research. It was shown that the NCM activated
at 600◦C was characterized by a specific capacity of 138 F/g. The activation at 700–
800◦C allows us to obtain NCM with a capacity of 90–95 F/g. The smallest capacity of
62 F/g is defined for the material activated at 900◦C. The capacity value is determined
at a discharge current of 50 mA.

An optimal activation temperature (600◦C) of the carbon material by sodium
hydroxide is established for obtaining NCM with a specific capacity of 140–130 F/g
in the range of discharge currents of 10–200 mA.
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The spectroscopic properties and intrinsic luminescence of un-doped borate glasses
with different chemical compositions were investigated using modern spectroscopic
equipment and methods including optical absorption, photoluminescence, electron
paramagnetic resonance (EPR), and thermally stimulated luminescence (TSL). The
un-doped borate glasses with Li2B4O7, LiKB4O7, CaB4O7, and LiCaBO3 basic com-
positions were obtained from corresponding polycrystalline compounds in the air using
the technology of borate glasses described in [1].

Three different broad emission bands in the UV – visible spectral range were
observed in the un-doped borate glasses under different wavelengths of photoexcita-
tion [2]. The photoluminescence spectra and decay kinetics of the observed emission
bands were registered and analysed using the modern time-resolved luminescence
technique [3]. The nature and possible mechanisms of intrinsic luminescence in the
investigated borate glasses are proposed based on the analysis of the obtained results
and the published data.
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Physics, Technology and Art form three interrelated branches of our civilization,
Physics stands at the basis of science which derives from the instinct of curiosity,
Art relies on beauty and Technology on survival. Since the conference takes place on
the island of Crete where excavation resurfaced a prehistoric civilization, the Minoan,
the presentation begins with Archeology and its specialties in common with Physics.
Finally, the presentation ends with Science versus Technology.
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Thin metal oxide films are of great scientific and practical interest today. Extensive
investigations of transparent conducting layers are stimulated by their application in
electronics, optoelectronics, and solar energy, as well as by the economic efficiency of
using thin films instead of bulk crystals.

Most conducting transparent oxides possess n-type conductivity. However, it is
known that nickel oxide (NiO) has p-type conductivity and good optical, electrical
and thermoelectric properties, as well as high chemical stability, and is widely used in
various devices, especially in the photoelectric technique in the form of transparent
layers (windows) for solar cells, antireflection coatings, and photodetectors. Thin NiO
films are formed by various chemical and physical methods [1].

Spray pyrolysis is a processing technique considered in the research to prepare
thin and thick films, ceramic coatings, and powders. Unlike many other film deposi-
tion techniques, spray pyrolysis represents a very simple and relatively cost-effective
processing method (especially with regard to the cost of equipment). It offers an ex-
tremely easy technique for preparing films of any composition. Spray pyrolysis does
not require high-quality substrates or chemicals. The method has been employed for
the deposition of dense films, porous films, and for powder production. Even multi-
layered films can be easily prepared using this versatile technique. Spray pyrolysis has
been used for several decades in the glass industry and in solar cell production [2].

Therefore, the aim of the present work was to form thin films by reactive mag-
netron sputtering and spray pyrolysis and to study their optical and electrical prop-
erties.

We used 0.1 M aqueous solutions of nickel chloride NiCl2 · 6H2O to deposit thin
NiO films by spray pyrolysis. The solution was sprayed on glass substrates by com-
pressed air at a rate of 2.5 mL/min. The temperature of substrates was controlled by
a thermocouple system to be ∼ 700 K.

We deposited two nickel ohmic contacts on the samples by reactive magnetron
sputtering with the use of a mask at a substrate temperature of ∼ 373 K to measure
the electric resistivity of the samples.

The temperature dependence of the resistivity was measured in the temperature
range T = 300–420 K. Since the film parameters may vary during these measurements
due to irreversible processes, our investigations were performed at both increasing
and decreasing temperatures.
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Figure 1: Temperature dependence of resistance of NiO thin films deposited by spray
pyrolysis

We determined the activation energies upon increasing (∆Ea = 0.25 eV) and de-
creasing (∆Ea = 0.27 eV) temperatures from the slope of the straight portions of
dependences lnR = f(103/T ).
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One of the most currently developing directions of cognitive and applied works
is the research on nanocomposites, polymer nanocomposites in particular. Polymer
nanocomposites, consisting of polymer matrices and additives are considered to be
an important group of relatively inexpensive materials for many engineering applica-
tions. Significant improvement in the properties of composites depends mainly on: the
size and shape of nanofiller particles, the specific surface area, the degree of develop-
ment of the surface area and the spatial distribution of nanoparticles in the polymer
matrix. Incorporation of three types of carbon nanofillers such as carbon black (CB)
(powder type nanofiller -3D), graphene nanoplatelets (GNPs) (plate filler – 2D) and
carbon nanotubes (CNT) (fibrous filler / linear 1D) seems to be interesting from the
point of view of their impact on the enhancement effect. The aim of this work was to
develop novel reinforced and electrically conductive polymer hybrid nanocomposites.
Nanocomposites based on post-consumer PETG foils and MWCNTs/GNPs/CBs were
prepared by in situ polymerization. The morphology of the nanocomposites was ex-
amined by electron microscopy (SEM). The relation between the preparation method,
the morphology, the mechanical properties and the electrical conductivity was stud-
ied. Electron microscopy images revealed that the nanocomposites exhibited well dis-
persed carbon nanoparticles. It was observed that the incorporation of three different
types of carbon nanofiller to PETG resulted in a sharp insulator-to-conductor tran-
sition. The low percolation threshold and relatively high electrical conductivity are
attributed to a high aspect ratio, a large surface area and a uniform dispersion of the
MWCNTs/GNPs/CBs hybrid system in the PETG matrix.
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I wonder which communication and transmission tools allow the contemporary
man to make the most characteristic statement from the point of view of civilization
development. Another way in which the media let us describe the world in the most
complete way?

Every epoch presents its own image in its own peculiar way, preferring these media
which characterize it the best. Art may be a sign of acceptance of the world or an act of
disagreement, a form of contestation. However, it is only this art which bravely derives
from the technological development, uses new ideas, as at the time of Leonardo de
Vinci and Michael Angelo, and then at the time of the impressionists and the cubists,
that becomes the memory of its times, in the major part at least.

These days, it may sound as a banality, we live in a world subjected to the guide-
lines or even the terror of the digital picture. The transmission which was to serve
us – has made us its slaves. The Internet, the computer, the mobile phone, changing
our imagination about the outer world, have interfered with the inner human life so
deeply that they have accidentally made a structural reconstruction of the human
brain. The mind has been functioning differently and the graphic art has changed, as
well.
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Increasingly lead-free solder application in various industries requires further im-
provement of their properties. The exceptional mechanical and physical properties
demonstrated by carbon nanotubes (CNT) combined with their low density have
made this new form of carbon an excellent candidate for composite reinforcement.
Incorporating them to a solder matrix yields good results for solder joint reliability.

Nanoparticles often possess phase stabilities that differ from those of bulk materi-
als, as a result of their large surface-to-volume ratio. When the size of the nanoparticles
is decreased, the eutectic temperature decreases. The Sn–Ag–Cu-based solders (SAC)
are chosen by most companies as lead-free solders due to the requirement restricting
the use of Pb in the electronic industry. While employing near-eutectic Sn–Ag–Cu
alloys in the soldering process involves some disadvantages compared to the Pb–Sn
alloys, such as a higher melting point and poor mechanical shock resistance, a num-
ber of studies have been related to the improvement of the properties of SAC solders
introducing additional nano-sized components. In this work the influence of CNTs on
some thermophysical and mechanical properties of Sn–Ag–Cu alloys is reported.
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The generalized microscopic Anderson model [1] in the Hartree-Fock approxima-
tion (HFA) is used to describe the charged and magnetic states of isolated impuri-
ties in structurally disordered systems [2]. The scattering of conduction electrons on
the charged impurity is included in the model Hamiltonian. The two-time retarded
Green’s functions [3] are obtained within the HFA. The system of self-consistent equa-
tions for calculating the electronic spectrum, the charged and spin-polarized impurity
states is given. The Green’s function of localized electrons is obtained in the form:

Lσ
0,0(E) = (E−E0,σ −Σ0(E)−Σ1(E))−1

where Σ0(E) =
∑
k

|Ωσ
k |2

E−Ek −Λ0
, Σ1(E) =

∑
k

∑
q6=k

Ωσ
0,kΛ̃k,qΩσ

q,0

(E−Ek −Λ0)(E−Eq −Λ0)
.

The effective potential Λ̃k,q has the form of a series in terms of the effective
pseudopotential

Λk−q =
1√
N

∑

1≤j≤N

e−i(k−q)Rjv(|k−q|)+ ṽ0(|k−q|)

Here we introduce v(|k−q|), ṽ0(|k−q|) – the Fourier components of local poten-
tials of metal ions and impurity [4], respectively. Both the structural disorder and
correlation effects should be taken into account in the self-energy term.

The effective charge Zeff = |e|(〈n↑〉+ 〈n↓〉) and the local magnetic moment M =
µB(〈n↑〉 − 〈n↓〉) are obtained in the quasi-crystalline case [2]. Graphical represen-
tations are given depending on the model microscopic parameters y = U0/∆, x =
(EF −E0)/U0, z = (U/W )c.

The configuration averaged Green’s function of localized electrons is obtained.
A qualitative analysis of the influence of the metallic host structural disorder on the
electronic spectrum, the charged and magnetic impurity states is presented. An addi-
tional shift and broadening of the virtual impurity level results from the structural dis-
order of the impurity environment. The contribution to the broadening of the virtual
impurity level at T = 0 comes from the scattering processes on the charged impurity
and from the structural disorder of the impurity environment as well. This interplay
may be relevant to experimental realizations of the ”liquid metal+electronegative
impurity” system for studying its magnetic properties. The next possible step of ex-
ploration of the proposed model can be a study of the Kondo regime taking into
account the processes of exchange.
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Films of binary compounds of a Gd-Fe system were obtained by means of thermal
vacuum evaporation of a polycrystal mix material of a corresponding composition.
The films, 50–60 nanometers in thickness, were evaporated on chips of NaCl crystal,
then NaCl dissolved in water. Parts of the films were picked up at once on copper
electron diffraction grids. The second series of films were transferred on copper grids,
coated with thin collodion films, and in such form stored 3–6 years. Then, recurring
research was carried out. The films were condensed on glass-ceramic substrates for
electrophysical measurements. The thickness of films changed within the range of
100–200 nanometers. The temperature of substrates had two values 300 and 500 K.
An electron microscope UEMV-100K and a high-temperature PRON-2 attachment
were used for structural investigations. The angle dependence of atomic factors of
electron scattering was considered by gadolinium and iron atoms. All measurements
were repeated 3–6 years after the first stage of measuring.

The electron diffraction examinations of the structure of Gd-Fe system films show
that the analyzed films are condensed in the amorphous-crystalline state. The struc-
ture formation essentially depends on the requirements for condensation of films. The
rising substrate temperature leads to magnification of the polycrystalline phase [1].

It is known that the analyzed compounds belong to the class of soft magnetic
materials. Some magnetic performance of films and massive samples of the Gd-Fe
system were measured. Hysteresis curves and numerical values of a coercive force
were obtained for massive and thin film samples. The Curie temperature was also
determined for these samples. The effect of the polycrystalline phase formation on
the absolute value of the coercive force was studied. The temperature dependences of
magnetic saturation and curve magnetization were obtained for films and compounds
of the Gd-Fe system [2].

We explored the structure, electrophysical and magnetic properties of films of
different compounds of the Gd-Fe system in the period of 3–6 years. A high temporary
durability of the physical performance of films of Gd-Fe compounds and the lack of
oxidizing action were revealed.

References
[1] Prysyazhnyuk V I, Mykolaychuk O G 2015 Abstr. book 3-rd International research and

practice conference: “Nanotechnology and Nanomaterials” Lviv, 13
[2] Prysyazhnyuk V I, Mykolaychuk O G 2016 University Visnyk. Series: Physics 51 44

127



ABS71

Thermal Expansion Effect on Phonon Localization

in Disordered Molecular Crystals

O. Pursky1, V. Konstantinov2

1Kyiv National University of Trade and Economics
19 Kioto St., Kyiv 02156, Ukraine

2B. Verkin Institute for Low Temperature Physics and Engineering
National Academy of Science of Ukraine
47 Nauky Ave., Kharkiv 61103, Ukraine

In the present study an attempt has been made to find a thermal expansion effect
on phonon localization of simple molecular crystals in orientationally-ordered (OO)
and orientationally-disordered (OD) phases. The influence of thermal expansion on
heat transfer processes was studied by a modified method of reduced coordinates [1]
which permitted separating phonon-phonon and phonon-rotation contributions to the
total thermal resistance of simple molecular crystals in isobaric and isochoric cases.
A quantitative description of the thermal conductivity is given in the framework of the
Debye model under the assumption that the heat is transferred by phonons and “dif-
fusive” modes, and taking into account translation-rotation coupling [2]. The calcula-
tions were carried out for the isochoric and isobaric cases, which allowed the influence
of thermal expansion on phonon localization to be determined. Based on the results
of the studies it is concluded that the thermal expansion brings about an increase in
the phonon localization temperature. Also from this analysis, it was found that the
transition from strongly to weakly hindered rotation of molecules was accompanied
by a decrease in the portion of the thermal energy that was transferred by “diffusive”
modes. It was shown that a discrepancy between the temperature dependences of
the isobaric and isochoric thermal conductivity in OO phases was mainly governed
by the intensity of a phonon-phonon interaction because the phonon-rotational com-
ponent of thermal resistance weakly depends on thermal expansion. In OD phases
of simple molecular crystals the thermal expansion causes a general decrease in the
phonon-rotational thermal resistance in comparison with the corresponding values at
constant volume. The observed effect can be related to a decrease in the potential
barrier that hinders the rotation of molecules due to the thermal expansion.
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Mesogene molecular phases anchored on different substrates are of great interest
not only from the point of view of fundamental science but also because of their
important potential applications in the design of novel generations of displays and
other opto-electronic devices [1]. Features like improved phase stability, selective dif-
fusion patterns and odd-even ordering and activation effects have been observed in
n-Cyanobiphenyl mesogene films anchored on the surfaces of carbon and silicon car-
bide nanotubes [2].

The structure of mesogenes anchored on different surfaces strongly depends on
the substrate morphology and homogeneity [3]. One of the most promising substrates
is graphene, due to its unique 2D structure and mechanical, electrical and optical
properties. The electronic structure of graphene and the presence of two strongly
interacting benzene rings in n-Cyanobiphenyls leads to the formation of planar align-
ment of anchored mesogenes. n-Cyanobiphenyl molecules located between graphene

Figure 1: Simulation snapshot of two layered structure of 5-Cyanobiphenyl mesogenes
located between graphene planes
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sheets form layered structures. The structure and dynamical properties of these phases
depend on the number of aliphatic C atoms in the tail of the mesogene molecule, as
well as on the distance between the graphene sheets. The ordering effects, stability
and dynamical properties of n-Cyanobiphenyl phases were studied using molecular
dynamics computer simulations.
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The quasicrystalline phase was discovered for the first time by Dan Schethman
in 1984 in an Al-based alloy [1]. Later, quasicrystals and their approximants were
also found in Ti-based systems. Alloys of the Ti-Me(Cr, Mn, Fe)-Si-O system were
investigated in [2]. The authors have determined that up to 20 at.% of oxygen is
required to stabilize the 1/1 approximant phase in the Ti-Cr-Si-O system, while only
4 at.% is required for Ti-Fe-Si-O. XRD showed not only the 1/1 approximant but also
indicated two phases – Cr2Ti (C14) and α-Ti. Two intermetallic phases – TiFe and
Ti2Fe are formed in Ti-Fe-Si-O systems other than 1/α (TiCrSi). In this case, α-Ti
is initially crystallized in alloys with chromium, and there is an approximant phase
in alloys with iron. However, the effect of iron doping on the phase composition and
properties of the Ti-Cr-Si-O alloys has not been found in the literature.

Therefore, the purpose of the study is to determine the effect of iron on the change
in the phase composition of Ti-Cr-Al-Al-Si-O alloys in cast and annealed states.

The alloys were prepared by arc melting in an atmosphere of high-purity argon.
The samples were annealed for 3 hours at 800◦C in a vacuum oven. The phase com-
position of alloys was investigated by X-ray diffraction (DRON-UM1) in monochro-
matic CuKα radiation. The data of the diffractometric experiment was processed
using a program for a full-spectrum analysis of X-ray spectra from a mixture of poly-
crystalline phase components of PowderCell 2.4. In a full-profile analysis of diffraction
patterns, the crystallographic texture was taken into account under the March-Dollase
texture model [3].

The X-ray diffraction studies have shown formation of the 1/1 approximant
α(TiCrSi) with a cubic crystal lattice and Cr2Ti (C14) Laves phase with hexago-
nal crystal lattice in both alloys. In addition, the amount of the approximant phase
in the Ti60Cr30Al3Si2·(SiO2)5 alloy is 74% wt, and its amount increases to 84% wt.
in the alloy in which the chromium part is replaced by iron. The lattice parameter
1/1α (TiCrSi) in the Ti60Cr30Al3Si2·(SiO2)5 alloy in the initial state is a=1.3144 nm,
and Cr2Ti – a = 0.4295 and c = 0.8026, respectively. The addition of 10 at.% Fe re-
duces the approximant lattice parameter to a = 1.3135 nm, with parameter a of the
Laves phase Cr2Ti increasing to 0.4938 nm, and parameter c decreases to 0.7995 nm.
Since Fe and Cr have similar values of the atomic radii (0.126 and 0.128 nm, respec-
tively), iron isomorphically replaces chromium in the lattice of the approximation
phase, which leads to a decrease in its lattice parameter as compared to the alloy
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Ti60Cr30Al3Si2·(SiO2)5, which does not contain Fe in the composition. The phase
composition in both alloys does not change after annealing at 800◦C – there is only
a change in their quantitative ratio. The amount of the approximation phase increases
only to 79% wt in the Ti60Cr30Al3Si2·(SiO2)5 alloy, and its amount sharply increases
to 97% wt in the Ti60Cr30Al3Si2·(SiO2)5 alloy, indicating the stabilizing effect of Fe.
In addition, an annealed iron alloy exhibits a texture that manifests itself in the
inconsistency of experimental intensities – the 1/1α (TiCrSi) approximant exhibits
a texture in the direction [600] with the coefficient τ = 0.58 and Cr2Ti in the direction
[004] with the coefficient texture τ = 0.40. The opposite dependence of the change
of the phase lattice parameter is observed after annealing in the alloys. Thus, the
parameter of the 1/1α (TiCrSi) approximant lattice parameter (TiCrSi) in an iron-
free alloy increases to a = 1.3150 nm with a simultaneous decrease in both values of
the Cr2Ti (C14) parameters to a = 0.449 and c = 0.7998 nm. Conversely, in the al-
loy Ti60Cr30Al3Si2·(SiO2)5, there is a significant decrease in the approximant phase
lattice period to a = 1.3118 nm and an increase in the Laves phase Cr2Ti (C14) to
a = 0.5001 and c = 0.8220 nm.
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Thermoelectric materials based on n-TiNiSn and n-ZrNiSn intermetallic semi-
conductors have a high efficiency of transformation of the waste heat into electrical
power. However, uncontrolled changes in the crystal and electronic structures during
optimization of the characteristics by doping affect their thermoelectric properties
and limit extensive application of these materials. The crystal and electronic struc-
tures, electrokinetic, and magnetic characteristics of n-ZrNiSn doped by Ga acceptor
impurity were investigated to resolve this problem.

The XRD and EPM analyses showed that all samples of ZrNiSn1−xGax up to
x=0.15 were single-phase and in agreement with the thermodynamic calculations that
predicted maximum Ga solubility of x=0.4 at 1073 K. The concentration dependence
of the lattice parameter is nonlinear and reflects effects of local amorphisation. It
was found that partial substitution of Sn (5s25p2) by Ga atoms (4s24p1) in the 4b
crystallographic site generated simultaneously both structural defects of an acceptor
(Ga atoms in 4b site) and donor nature (vacancies in 4b site). Such doping leads to an
increase in the compensation degree of the semiconductor and a shift of the Fermi level
from the percolation level of the conduction band to the center of the band gap. At
x(Ga)≈ 0.025 the Fermi level crosses the center of the band gap and at x(Ga)≈ 0.05
enters the percolation level of the valence band (Anderson transiotion). The modeled
distribution of atoms in the crystal structure of ZrNiSn1−xGax showed that the speed
of the movement of the Fermi level εF , obtained from the band structure calculations
was in agreement with the experimental data extracted from lnρ(1/T ) dependencies.
The change of the Seebeck coefficient sign from negative to positive reflects the change
of the main charge carriers from electrons to holes. The magnetic susceptibility of
samples shows that all of them are Pauli paramagnets. However, at x > 0.03 the
χ(x) dependence keeps constant up to x = 0.15 and confirms the formation of donor-
acceptor pairs.

The results are explained within the Shklovskiy-Efros model of heavily doped and
compensated semiconductors.
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Complex investigations with the aim to make clear the physical features of lo-
calized states being formed in the mobility gap of GeSe amorphous films due to
a high-energy electromagnetic irradiation were carried out. The temperature region
of the GeSe amorphous structure existence was determined. The peculiarities of the
low order of amorphous thin films in dependence on the preparation of the technology
and the influence of gamma-irradiation were studied. The topology and micro-local
features of the formation process of disordered structure GeSe films were established
using the method of analysis of experimental scattering curves as well as model in-
terpretation of the radial distribution function of atomic density.

The thin films under investigation (thickness near 0.3–1.2 µm) were obtained us-
ing the method of discrete evaporation of a fine-dispersive mixture on the surface in
vacuum (10−4 Pa) from fresh cleaved NaCl, glass-ceramics and quarts at 293–450 K.
It was established that γ-irradiation (1.25 MeV) with a dose of 104− 105 Gy caused
changes in the electro-physical properties of GeSe amorphous films, in particular,
a decrease in the specific resistance and appearance of the jump mechanism of con-
ductivity on localized states near the Fermi level. The gamma-irradiation of GeSe
films caused a low-energetic shift of their fundamental optical absorption edge and
increased the refraction index, while the energy gap and steepness of the Urbach edge
were decreased. It was established that the form and position of the main diffusion
maximum, studied by the X-ray method, did not change after γ-irradiation [1]. It was
shown that crystalline processes in irradiated amorphous condensates became more
denominated in comparison with the non-irradiated ones.

Low-energy irradiation (a non-focus electron beam with the energy 35 keV) stim-
ulated a more ordered structure of GeSe films with amorphous phase conservation as
it led to increasing the mobility gap and decreasing the electro-conductivity of films.

Radiation-induced changes of the physical properties in amorphous GeSe thin film
are explained in the framework of radiation defect-formation processes as results of
destruction-polymerization transformations. The main topological reactions of forma-
tion of centers of radiation defects as well as a model of energy gap transformation
under irradiation with a provision for peculiarity reconstruction spectra of localized
states were proposed.
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Nanostructured aluminum nitride (AlN) film coatings were obtained using hybrid
helicon-arc ion-plasma deposition. Combining the magnetic-filtered arc plasma depo-
sition technique with treatment in radiofrequency (RF) plasma of helicon discharge
allows the deposition of AlN coating layers on flexible substrates (polymeric Teflon,
Mylar) and significantly increases the deposition rate and adhesion of coatings. Stud-
ies of the spectral properties of AlN films (infrared reflection and transmission spectra)
within the range from to two to twenty-five microns were carried out. The obtained
composite structures (AlN coatings on Teflon and Mylar thin layer substrates), due
to a high thermal conductivity of AlN, could be used as efficient blocking structures
in the infrared spectral range (“infrared stealth”) withdrawing the heat from filters
warmed by IR radiation or considerably blocking the IR radiation from bodies heated
to T less than three hundred fifty K. A simulation of thermal fields of film structures
with different values of thermal conductivity (from twenty five hundred to two hun-
dred W/m K) with different values of thermal irradiation and various temperature
values of the thermal screen was carried out.
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Chalcogenide crystals are promising nonlinear optical materials for the middle
infrared range. Currently, ternary chalcogenides such as AgGaS2, AgGaSe2 and
CdGa2S4 are widely adopted as materials for converting the laser average infrared
range. Attempts to amplify the nonlinear properties of ternary chalcogenides among
AgGaS2, AgGaSe2 and AgGaTe2 to enhance the ability of crystals to convert the laser
radiation are also known. In addition to those presented, it is important to extend the
number of functional materials that will be useful for practical application as active
elements in photovoltaics and optoelectronics.

This work is devoted to the study of the electronic structure and related proper-
ties of Ag2XS3 (where X = Si, Ge, Sn) ternary semiconductors using computational
methods based on the density functional theory (DFT). The electronic structure of
titled compounds is calculated using the DFT/LDA and DFT/GGA methods. The
electronic bandgap values, the genesis of electronic levels are established. The optical
spectra are calculated and discussed using electronic structure data. All the theoret-
ically calculated data is compared with the available experimental data.
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Designs are characterized by historians and scholars as having ‘less ornamentation’,
‘bigger windows’, ‘denser planning structures’, ‘industrial detailing’, ‘richer iconogra-
phy’, ‘stronger horizontal lines’ and ‘more articulated social structures’. They are
‘more richly textured’, ‘starkly geometrical’, ‘tectonically conservative’ and ‘phenom-
enally enlivened’.

These examples are typical of the qualitative descriptions.
There is nothing intrinsically wrong with this way of constructing the history and

theory of architecture, but there are valuable alternative approaches.
Here a quantitative, mathematical and computational approach to understand the

properties of designs and how they relate to each other, is presented.
The method is known as “fractal analysis”. It was used to analyze the designs

in an ad hoc version in the 80s of the last century, but it has matured and become
refined only in recent few years.

The lecture consists of two parts: (1) the fractal method presentation and (2) some
examples of the results analysis with discussion.
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Magnesium borohydride, Mg(BH4)2, is one of the most promising hydrogen stor-
age materials though its kinetics and reversibility are still important challenges for
the use of the material in fuel cells [1]. Therefore development of effective materials
for the improved decomposition/formation of Mg(BH4)2 is one of the most impor-
tant problems to solve before its practical application. High valence transition metal
carbides, nitrides, oxides or halides have the ability to form bonds with hydrogen in
varying stoichiometries. This encourages the fast dissociation into atomic hydrogen or
its recombination to hydrogen molecules [2]. In order to improve the hydrogen sorp-
tion performance of Mg(BH4)2, a wide range of approaches has been tried, including
high energy reactive ball-milling, preparation of composite materials, dispersion in
a porous matrix, and introduction of transition metal (TM) additives. In the present
work Ti-, Mo-, Co- and Ni-based additives are studied as a possible catalyst for the
Mg(BH4)2 decomposition in the prepared Mg(BH4)2–TM composites [3–5]. The ob-
tained experimental results are summarized in a concise review.

References
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Crystals of the ABSO4 group, where A and B are alkali metal cations, are of sig-
nificant interest due to the ability to face a richness of phase transitions and their
ferroelectric, ferroelastic, superionic, optical and other properties. An interesting fea-
ture of the ABSO4 group crystals among the optical properties is the possibility of
the existence of isotropic points, when the crystal undergoes transition from biaxial to
uniaxial or from uniaxial to isotropic states. Such crystals can be used as temperature
and pressure sensors [1,2,3].

Despite a number of investigated crystals, a lot of them possess IPs in a spectrum
region that is inconvenient for practice and practically all face phase transitions occur
at specific temperatures. Hence, a search for new crystals of this group with IPs is
required to expand the range of practically important materials for thermometry and
pressure sensing.

With respect to the described issue our attention was attracted to the K2SO4-
(NH4)2SO4 system, known to form a continuous series of solid solutions with a gen-
eral formula (Kx[NH4]1−x)2SO4, (0 < x < 1). Crystals of this system appear to be
mechanically stable, possess a high melting point and have no phase transitions in
a wide temperature region for a row of concentration ratios. In this work the first
principles calculations of the band energy, density of states and dielectric function of
K1.75(NH4)0.25SO4 single crystals in a Pnma structure are performed in the frame-
work of the density functional theory. A general gradient approximation and a local
density approximation are used to describe the exchange-correlation interaction. Re-
fractive indices n(ω) and absorption coefficients k(ω) are obtained from the spectrum
of real and imaginary parts of the dielectric function.

The dispersion of refractive indices and the birefringence of K1.75[NH4]0.25SO4

crystals are studied experimentally using the immerse and spectroscopic Obreimov
methods.
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Lithium sodium sulfate (LiNaSO4) crystal belongs to the double sulfates family
with the general formula LiMSO4 (M =Na, K, Rb, NH4, etc.), which has very specific
electrical properties. The room temperature structure of the crystal is believed to
belong to the P31c space group with six molecules in the hexagonal cell (unit cell
parameter a = 7.627 Å and c = 9.8579 Å; and density = 2.527 g/cm3) [1].

Recently, new studies on LiNaSO4 crystal have demonstrated possible modern
applications of this crystal in dosimetry [2] and as a functional layer of intermediate
temperature solid oxide fuel cells [3].

Despite great interest in LiNaSO4, electronic and anisotropic optical properties,
to the best of our knowledge, are still lacking.

In this work we performed the first principles calculations of the band energy
structure, density of states and dielectric function of LiNaSO4 single crystals using
the CASTEP code. We discuss the nature and genesis of the main energy bands of
the crystal. The refractive indices dispersions and absorption coefficients spectra are
obtained from the calculated dielectric functions.

We also grew LiNaSO4 crystals of good optical quality and studied the refractive
indices dispersion and birefringence using conventional immerse and spectroscopic
methods.

Both the calculations and experimental results are compared with the available
data for isostructural crystals of the ABSO4 group.
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The new ternary intermetallic compounds are interesting as materials for con-
struction of nuclear fuel reactors. The relatively high heat resistance and high neu-
tron absorption cross-section make their application as neutron capture materials very
prospective. The investigations of possible application of these compounds for the ra-
dio engineering, electronics, computing technology, etc, are in progress. The electric
conduction, thermo ionic and magnetic properties are investigated as well. The fam-
ily of the formula R.E.M2X2 is one of the numerous families of ternary intermetallic
compounds that have been reported in the literature.

High-energy spectroscopy (XES, XAS and XPS) was used to study the electron
structure of the investigated new ternary intermetallic compounds. The calculations
of electron energy bands E(k) and partial DOS for compounds were performed by the
semi relativistic linear muffin-tin orbital method without consideration of spin-orbit
interactions. Good agreement was obtained between the experimental and calculated
X-ray emission spectra R.E.M2X2. The LIII – absorption spectra Ce and Yb in
ternary Ce(Yb)M2X2 compounds were obtained at 78 K and 300 K using a tube
spectrometer equipped with an RKD-01 co-ordinate detector. The mixed valence state
of Ce and Yb was obtained in Ce(Yb)M2X2.

The valence band electronic structure of a compound with the HfFe2S2 crystal
lattice type was established for the first time based on X-ray emission spectroscopy
measurements. The band structure and the theoretical spectra of X-ray emission
bands of atoms located in non-equivalent crystallographic positions were calculated
by means of the LMTO method in non-relativistic approximation. A satisfactory
agreement between theoretical and experimental data was achieved. 57Fe Mössbauer
absorption measurements confirmed iron atoms occupying non-equivalent positions in
the crystal lattice.
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The idea of the study of one of the most difficult problems of physics of metals
and alloys, such as the nature of interparticle interaction in eutectic alloys belongs to
Prof. Yar. Dutchak and was proclaimed by him back in the 70s of the last century. It
was quite revolutionary and an alternative to the dominant paradigm, whereby the
eutectic structure was seen as a mechanical mixture of [1].

It analyzed the X-ray emission spectra of both simple (Al, Ag, Au) Ge(Si), and
complex eutectic transition metals of the iron group with germanium and the Mg-Ga
and Mg-Ge systems [2], which showed an anomaly in the spectral changes of param-
eters inherent to components that make up the alloy. At the same time significant
distortion of the spectra and parameters of X-ray abnormalities was observed in non
eutectic alloys.

The results of the X-ray study and the study of electronic charge state of atoms
eutectic systems (Ag, Au)-Ge (Si) [2] have shown that the spectra of the eutectic
composition are not a simple superposition of the spectra of pure components.

Analysis of the Mössbauer spectra captured from the eutectic alloy of Fe Ge cannot
interpret them as an additive sum of the spectra of the components. This applies to
both forms of the absorption curve γ-rays and fixed values of the fields at the nuclei.

The above is proved by the results of the X-ray and electron diffraction investiga-
tions of the eutectic a-Si of the Al-Si system [3]. which also shows that the eutectic
range section cannot be considered as a simple additive sum of the spectra of its
components.

In summary, it can be assumed that the main reason for the change of the electronic
structure of eutectic alloys is the impact of intercrystalline boundaries of the existing
phases.
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Metal matrix composites have attracted the attention of scientists for a long time
due to the possibility of a controlled change of the composite properties for the best
results. Currently, many methods of metal matrix nanocomposite synthesis have been
developed and many excellent results have been obtained. However, in most cases it
is oxide particles or particles of carbides, borides, nitrides, etc. that are used as fillers.
Using such fillers makes it impossible to fully utilize all the benefits of composites
compared with other materials. In particular, in many cases there is a necessity of
partial or total chemical interaction of the filler with the matrix that is not possible, if
the abovementioned fillers are used. On the other hand, the introduction of chemically
reactive impurities in a matrix, such as metal particles, can lead to the formation of
intermetallic phases already at the stage of composite synthesis and deterioration of
properties of the final material. In this regard, there is a need to find new methods
to control the phase formation in metal matrix composites.

In this work, a new approach to the synthesis of gallium based micro- and nano-
composites with a controlled process of phase formation has been proposed by adding
nickel particles coated with nickel oxide and subsequent treatment of the composite
in a hydrogen atmosphere. The particles of nickel were obtained by thermal decompo-
sition of nickel oxalate in the air at various conditions. Composites were synthesized
by mechanical mixing at a temperature close to the melting point of gallium.

The structure of the composites in the liquid state and the phase composition after
crystallization were studied by the X-ray diffraction method. The microstructure of
the composites was studied by scanning electron microscopy and the phase formation
process was investigated by the differential thermal analysis method.

143



ABS85

Molecular Dynamic Simulations of Solid-Liquid

Interface in Bi-Ni System

I. Shtablavyi1, S. Mudry1, J. Rybicki2, V. Plechysty1,2, S. Winczewski2

1Physics of Metals Department, Ivan Franko National University of Lviv
Kyrylo i Mephodiy 8, 79005 L’viv, Ukraine

2Department of Solid State Physics, Gdansk University of Technology
Narutowicza 11/12, 80-233 Gdansk, Poland

The technological achievements of recent decades and the development of nan-
otechnology have opened interesting research trends aimed at the production of func-
tional materials with controlled properties which can be controllably created, main-
tained over some period of time or changed. Magnetic materials with tailor-made
properties, as a particular class of such materials, are in great demand as structural
materials for components of devices and machines as well as for production of func-
tional electronic devices.

The area of fundamental and practical problems in this field has significantly
expanded in recent years due to the discovery of new effects in magnetic systems and
the implementation of nanotechnology (giant magnetoresistance, quantum Hall effect,
superparamagnetism) However, new requirements have appeared on the creation of
magnetic systems with specific functional properties, such as magnetic fluids, quantum
magnetic fluids, thin-film multilayer composites, etc. At the same time there are many
problems that make it impossible to determine the physical and chemical bases of
synthesis of magnetic composites and formulate the regularities of their properties.

Currently, there are few studies dedicated to the kinetics of processes occurring at
the interface of liquid and crystalline phases during the synthesis of such composites.
The processes of phase formation, in this case, are quite fast and, accordingly, compli-
cated for investigation. Experimental methods allow us to determine only the result of
the interaction of liquid and crystalline phases and do not provide information about
the features of this interaction at different instants of time. Furthermore, there are
no generalized theoretical methods that would be effective in solving the problem.
For this reason, the mechanism and kinetics of phase formation in composites at the
liquid matrix – crystal particle interface should be further investigated by computer
simulation methods, which would make it possible to obtain information about the
regularities of reactions and diffusion processes at the interface.

In this work the kinetics of the interaction and the phase formation processes at
the liquid matrix-nanoparticle surface Bi-Ni interlayer were investigated by molecular
dynamics simulations. The EAM potentials were used for the simulations. The phase
formation mechanism on the boundaries of the magnetic particle (Ni) – the paramag-
netic matrix (Bi) and their influence on the physical properties of the material were
established as a result of the investigations.
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The need for lightweight, high strength materials has been recognized since the
invention of the airplane. As the strength and stiffness of a material increases, the
dimensions, and consequently, the mass of the material required for a certain load
bearing application is reduced. This leads to several advantages in the case of aircraft
and automobiles such as an increase in payload and improvement of the fuel efficiency.
For this reason, intensive investigations in the field of new materials and composites
with improved properties are currently underway. It is known that carbon nanotubes
(CNT) is expected to be used in carbon nanotubes-metal matrix composites due to
its remarkable mechanical properties, special morphology and size. Many research
studies have been dedicated to depositing metals on the nanotube surface to further
their incorporation into a composite. However, pure metals would not easily wet the
surface of a CNT. Therefore, traditional techniques such as the powder metallurgic
process cannot be used to prepare high quality metal matrix-CNT composites.

Among different synthesis technologies it is the electrochemical technology that
shows flexibility in preparing metal composites. However, the main challenge for elec-
trochemical techniques is also the dispersion of CNTs in the metal matrix. The natural
tendency of agglomeration of CNTs, due to their high surface energy, hinders uniform
dispersion and good suspension in the electrolytic bath. This ultimately results in in-
homogeneous distribution of CNTs in the metal matrix coating. The most commonly
used technique to improve CNT dispersion in the electrolytic bath includes agitation
by means of a mechanical stirrer, ultrasonication, and magnetic forces. However, these
methods need to be improved. For this reason the present work reports the results
of investigations of nanocomposites consisting of a CNT cowered by Cu by means of
the electroplating method. The structure and morphology of the obtained composites
were studied by the X-ray diffraction method and SEM microanalysis.
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The ternary Hf−Ni−Al system was investigated by using X-ray diffractions and
optical metallographie at first [1] and then by using an additional technique of micro-
probe analysis [2]. The isothermal section at 800◦C was established and nine ternary
compounds − HfNiAl (τ1), HfNi2Al (τ2), HfNi2Al5 (τ3), Hf6Ni8Al15 (τ4), Hf6NiAl2
(τ5), Hf5Ni4Al (τ6), HfNi0,35Al1,65 (λ1), HfNi0,6Al1,4 (λ2) and Hf4Ni16Al5 (λ3) − were
discovered. However, crystal structures of λ3 and τ6 were not found. The structure
of the first compound is still unknown and recently the crystal structure of Hf5Ni4Al
has been reported [3]. All compounds have a permanent composition, except two
Laves phases λ1, λ2 which have an insignificant homogeneity range. The partial cross
sections at 1273 and 1473 K in the Ni-rich area have been build [2].

In the course of the present investigation the formation and crystal structures of
seven ternary compounds (τ1−τ5, λ1, λ2) were confirmed. The Rietveld refinement of
their X-ray powder diffraction data was carried out. The majority of our results are
in agreement with the data published earlier. It is only the structure type of Hf6NiAl2
that is different from the data [1]. It was discovered as Hf6FeAl2, unlike previously
reported Hf6CoAl2.

The τ2, τ4, τ5 and λ1 compounds were studied by temperature dependent electric
resistivity measurements from 4 K to room temperature. The behavior of the electric
resistivity of all these compounds characterizes them as metals and allows describing
the dependencies by the Bloch-Gruneisen-Mott formula [4]. The electric resistivity
of the Laves phase λ1 was measured at two composition points of the homogeneity
range. It was established that the behavior of the electric resistivity in the vicinity
of zero depending on the occupation of the 16d position with Al and Ni may have
superconductivity or the Kondo effect.
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In this work we studied the current states in the double-barrier Josephson junction
with the SISIS geometry (S – superconductor, I – isolator). The Josephson current
through a junction was calculated analytically in the quasiclassical approximation
for the microscopic theory of superconductivity. The calculation gives the following
expression for the Josephson supercurrent through the SISIS tunnel junction [1]

j =
π

4
evF NF

∆D sinϕ√
1−D sin2 ϕ

2

tanh
∆

√
1−D sin2 ϕ

2

2T
.

Here NF = 3
4

n
EF

is the density of states at the Fermi surface, ϕ – the phase difference
across the junction. The transparency of the junction D is given by the expression

D =
8κ4

(8κ4 +4κ2 +1)+(4κ2−1)cos(2pzd)+4κsin(2pzd)
, κ =

pF

2mα
,

where α is a delta-Dirac potential barrier constant.
The value of the supercurrent through the SISIS junction differs significantly from

the current in the case of the SIS-junction. The value of the supercurrent has non-
monotonous dependence on the distance between barriers, with the presence of reso-
nance peaks (see Figure 1). This is related to the resonant tunneling of Cooper pairs
through a double-barrier structure.

When the thickness of the interior superconducting layer (in ~ = 1 units) satisfies
the condition

pF dmax =
1
2

(
−arctg

4κ

4κ2− 1
+2πn

)
, n∈N,

then the current reaches maximum values.
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Figure 1: Dependence of current density on the distance between the barriers (interior
superconducting layer thickness) at different values κ = pF

2mα
; for κ = 0.01 the maximum

current (transparency) occurs at pF d≃ 6.30 (solid line), for κ = 0.02 at pF d≃ 6.32 (dotted
line), and for κ = 0.03 we get pF d≃ 6.34 (dashed line)

Minimum values of the current were observed when

pF dmin =
1
2

(
π− arctg

4κ

4κ2− 1
+2πn

)
, n∈N.

Typical insulators used for the tunnel junctions (e.g. Al2O3) are about 10–20 nm in
thickness. The barrier height is about 1–5 eV. Hence, the constant α for the delta-
Dirac potential is about (1–10)× 10−8 eV·m. Since the Fermi energy for metals is
about 2–10 eV, then the parameter κ takes on the values (5–30)× 10−3. In the case
of κ = 0.01 the value of the supercurrent would be maximum when pF dmax ≃ 0.019,
pF dmax ≃ 3.161, pF dmax ≃ 6.303, pF dmax ≃ 9.444 etc. For the niobium-based junction
with pF ≃ 2.192×10−13 kg·ms−1, the thicknesses of the interior superconducting layer
that corresponds to the maximum of transparency are dmax ≃ 1.5 Å, dmax ≃ 3 Å,
dmax ≃ 4.5 Å, etc.

Another feature of the supercurrent in a double Josephson junction is that it
exhibits a non-sinusoidal current-phase relation. The current-phase relation for the
SISIS-junction at different values of transparency D is shown in Figure 2.

The value of critical current jmax can be found as an extremum of the supercurrent
with respect to the phase difference ϕ. For the critical values of the superconducting
phase difference we find

ϕmax = arccos
[
1− 2

D

(
1−x2

)]
,

where x is a root of the transcendental equation

sh
(

∆
T

x

)
=

∆
T

x2(1−x2)(1−D−x2)
1−D−x4

.

Let us compute the critical current at T = 2.5 K for a junction based on niobium
with the energy gap ∆≃ 3 meV, the critical temperature Tc ≃ 9.5 K, the density of
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Figure 2: Current-phase relation curves for SISIS-junction at different values of
transparency D; the current density is normalized to j0 = π

4
evF NF ∆

states NF ≃ 5.56× 1028 m−3, and the Fermi velocity vF ≃ 1.37× 106 ms−1. For this
case ∆/T ≃ 14.2 and

j0 =
π

4
evF NF ∆≃ 4.59 µA/m2.

For the case of perfect transparency, D =1 the root x≃ 0.23 and ϕmax =2.67, then
we have jmax ≃ 1.94j0 ≃ 8.9 µA/m2. For D = 0.5 we obtained x≃ 0.84, ϕmax = 1.75,
jmax ≃ 0.59j0 ≃ 2.7 µA/m2.

In [2] for identifying the behavior of SISIS double-barrier Josephson junctions the
skewness S in the current-phase relation has been defined as follows

S =
2
π

ϕmax− 1.

The skewness in the current-phase relation of the supercurrent is shown in Figure 3.

Figure 3: Skewness in the current-phase relation of a SISIS superconducting structure as
a function of transparency D

The dependence of the critical current density jmax on skewness S is approximately
linear (see Figure 4). The linear increase in the skewness with a critical current was
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observed experimentally for Josephson junctions having a graphene barrier obtained
by the phase-sensitive SQUID interferometry technique [3].

Figure 4: Critical current density jmax versus skewness S plot; the skewness linearly
increases with the critical current

References
[1] Shygorin P, Svidzynskyi A, Materian I 2017 Ukr. J. Phys. 62 (6) 518
[2] De Luca R 2011 Phys. Lett. A 375 (24) 2441
[3] English C, Hamilton D, Chialvo C, Moraru I, Mason N, Van Harlingen D 2016 Phys.

Rev. B 94 (11) 115435

150



ABS89

Dynamics in Crowded Environments

A. Sikorski1, P. Polanowski2

1Department of Chemistry, University of Warsaw
Pasteura 1, 02-093 Warsaw, Poland

2Department of Molecular Physics, Technical University of  Lódź
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Computer simulation studies of dynamics in two-dimensional systems are pre-
sented. The motion of small probe molecules in model disordered systems was stud-
ied by means of Monte Carlo simulations. We performed extensive and systematic
simulation studies of the two-dimensional fluid motion in a complex crowded environ-
ment. In contrast to other works we focused on cooperative phenomena that occur
where the motion of particles takes place in a dense system [1]. Our main goal was
to answer the following question: How do fluid molecules move in an environment
that has a complex structure while the motion of fluid molecules is highly correlated?
The lattice model was used and the Dynamic Lattice Liquid algorithm was then em-
ployed for these studies [2]. This algorithm can work with the highest possible density
where all lattice sites are occupied and it allows taking into account coincidences of
elementary molecular motion attempts resulting in local cooperative structural trans-
formations. The following disordered systems were studied: small immobile obstacles,
mobile (Brownian) obstacles and polymer chains. Both static and dynamic proper-
ties of the model systems were characterized [3,4]. The short- and long-time dynamic
behavior of solvent molecules was also described. The influence of the mobility of ob-
stacles, their density, the chain length and the polymer concentration on the mobility
and the character of motion of small molecules were studied. The conditions of the
appearance of anomalous diffusions and the recovery to the Fickian behavior in such
systems were discussed.
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A quantum-mechanical model of diffractometry for complex systems with inho-
mogeneously distributed microdefects of many types and macrostrains of different na-
ture, in particular, for products based on ion-implanted garnets was developed. The
instrumental factors as well as both the amplitude mechanism and a more sensitive
dispersion mechanism of the influence of structure imperfections and their distribu-
tion inhomogeneity on the pattern of multiple radiation scattering were taken into
account.

The peculiarities of the essential demonstration of structure inhomogeneities in the
scattering pattern were determined analytically. It was shown that this demonstration
was caused by colossal (due to the dispersion mechanism) amplification of the influence
of inhomogeneities and, at the same time, diffraction conditions on multiple scattering
effects.

In particular, the possibility of an additional increase in the informativity of diag-
nostics of structure inhomogeneities resulting from the dispersion mechanism was the-
oretically demonstrated and practically implemented. By controlled discrete changes
of the conditions and methods of diffraction, the maximum contribution of inhomo-
geneously distributed macrostrains and microdefects was provided consistently for
each of their types both in the scattering pattern and its dependences on continuous
changes of other experimental conditions in garnet systems.
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The Sn–Ag–Cu alloys are favorable Pb-free solders widely used in the electron-
ics industry, and a number of studies relating to the improving of the characteris-
tics of those alloys have been carried out. Minor additions of a fourth element com-
prise a widely employed method to achieve better mechanical properties of the solder
joints employing the Sn–Ag–Cu solder. The viscosity and electrical conductivity, as
the structure-sensitive transport properties of the liquid state, are important for the
modeling of melting and solidification processes. Furthermore, these quantities bring
additional information about the influence of a different type of impurities on the
structure and physical properties of the metal matrix in the liquid state. The impact
of minor Co and Ni impurities on the transport properties of the Sn–3.8Ag–0.7Cu
liquid solder were studied based on the viscosity and electrical conductivity measure-
ments. The obtained increase in the viscosity values by minor Co and Ni additions was
in agreement with the modeling data using thermodynamic approaches. The behavior
of the electrical conductivity was interpreted in the context of the s-d hybridization
model.
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The CaO-Al2O3-SiO2 oxide system is one on the most important slag composi-
tions. Such slags encountered in blast-furnace cast process are used as welding fluxes,
etc. The oxide compounds existing in this system such as e.g. helenite, anorthite and
mullite are well known. However, the data on the CaO-Al2O3-SiO2 melt structure is
rather scarce.

Three samples were selected for structural analysis using the X-ray diffraction
technique. Two selected compositions of samples 1 and 2 were triple eutectics and
sample 3 was a nonvariant point [1].

The general conclusions on the system studied are reduced to the following:

• Silicon and aluminium are tetrahedrally coordinated by oxygen in the studied
slag melt. However, a small fraction of aluminium silicon atoms form oxygen
octahedrons. The interatomic spacing values for the Si-Si and Al-Al bonds in
the melts are in good agreement with the literature data for crystals and other
molten oxide systems. The closest environment around the calcium ion Ca2+

consists of oxygen atoms, the interatomic spacing being 0.22–0.23 nm. The co-
ordination number for calcium varies from 7.7 to 11.8.

• The interatomic interaction as well as the atom distribution in the considered
system cannot be viewed as solely of the fluid type. In our opinion, a het-
erogeneous mixture consisting of aluminosilicate nanocrystallites immersed in
a molten oxide matrix exists in the molten slag of the studied compositions at
higher temperatures.

• A model was proposed to describe the structure of such quasi-fluids which con-
tain nanoscale aggregates. The aggregate consists of the oxygen framework con-
taining silicon and aluminium atoms forming a nanocrystallite of the mullite or
sillimanite type in the core.

• The tetrahedral voids of the oxygen framework are filled with silicon and par-
tially with aluminium cations. A negligible fraction of the octaghedral voids is
occupied exclusively by aluminium ions. The calcium cations are surrounded in
turn by surface oxygen of a framework constructing thus the core. The oxygen of
the molten slag matrix along with the oxygen of the nanoaggregate framework
form the closest environment of the calcium ions building up the particle.
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• Three phases were detected in sample 1 annealed at 1873 K and subsequently
exposed for 1 h at 1373 K: mullite, silica and CaSiO3. This finding confirms the
assumption of the mullite-based structure of the nanocrystalline phase.

• Since the XRD patterns of mullite and sillimanite are quite similar, none of
them can be preferred when interpreting the diffraction results. However, mullite
might be preferable as it is known to be stable at higher temperatures.
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Physics is both a fundamental experimental science and philosophy. It is one of the
most ancient natural sciences and a very important science of the future which con-
tains the answer how to save humanity, and maybe all living beings. Humans should
improve themselves in order to survive. Our world, the Sun, and the Earth formed
about 5 billion years ago. However, the Sun is not eternal. Thermal nuclear processes
will end one day, and the life on the Earth will be impossible. Humanity will look for
a solution, and it has already started to work on it, however, in a subconscious way.
There is a collective conscience formed. There has been a tremendous development
of technology during the past 100 years, radio, TV, computers, cellular phones and
more. People have landed on the Moon, reached Mars, and they are developing the
nanotechnology now. People could not even imagine this 100 years ago. What will
happen in the next 100 years? Physicists will have super-tasks to transfer life beyond
the Earth, to different worlds. Adequate technologies will be needed. People will need
to learn to develop optimal ways of organization and development of life. Therefore,
humanity needs to care for education and science even in the worst conditions because
it is the way to solve problems of life and development. It is especially physics that
needs to be developed because it is a practical and philosophical science. It is the
science of the present and of the future. There many problematic philosophical issues
in physics, which were first formulated actually 100 years ago, and have not been not
solved still until today. Their solution means future development. Here are some of
them:

1. According to the modern understanding, the foundation of the world is the sub-
stance called “matter.” Matter exists in two forms: substance and field. The
substance can be water, stones, sand, celestial bodies, the Moon, the stars. The
field could be electrical, magnetic, electromagnetic, gravitational. The electro-
magnetic field contains electromagnetic waves, i.e. light, radio-waves, gamma-
rays. It is important that the matter moves perpetually. There is a problematic
question whether there is such a movement as a continuous transformation of
one kind of matter into another

2. Electromagnetic fields, light, in particular, have a dual nature: waves and par-
ticles at the same time. Waves are a dimensional phenomenon, but particles are
located in a very certain place in space. How can this happen at the same time?
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(Albert Einstein and Leopold Infeld. The evolution of physics. – New York:
Simon and Schuster. 1954).

3. Another problem: if light is waves, in what substance are the waves spreading?
If light is particles, how do they oscillate?

4. It is known that an electromagnetic wave is the oscillation of electric and mag-
netic fields, which have energy. When fields oscillate, energy should oscillate
too. The problem question: into what does energy transform in the process of
oscillation? The energy changes, but it should stay the same as a result of the
conservation of energy law!

5. Electromagnetic fields are created by electric charge. What is charge as physical
matter?

6. The uniform motion of a particle in quantum mechanics is known as the de
Broglie wave. Where is the oscillating movement in the de Broglie wave? What
is exactly oscillating?

7. We know two kinds of interaction between two physical bodies, through the
substance and by the exchange of particles. Both kinds of interaction produce
the repelling of the bodies. However, how to understand the mechanics of grav-
itational attraction?

We have brought up only a few fundamental questions of a philosophical nature.
Future development and direction of understanding of the physical qualities of nature
depend a lot on these fundamental questions. The problem is that traditional science
addresses only one nature of waves, i.e. their propagation in the substance. In reality,
there are two different natures of waves: waves as oscillations of the substance (water,
air, “ether”), and also it is a flow of particles which have inner oscillations within
themselves. In particular, light is the flow of particles (photons), which have inner
oscillations: energy-mass-energy-mass [1].

References
[1] Sus B A, Sus B B, Kravchenko O B 2012 Unusual interpretation of traditional physics

problems. The third scientific-methodological edition, PC “Prosvita”, Kyiv

157



ABS94

Amino Acids as Growth Inhibitors of Calcium

Oxalate Monohydrate Crystals

Y. V. Taranets, O. N. Bezkrovnaya, I. M. Pritula

Institute for Single Crystals, NAS of Ukraine
Nauky Ave. 60, 61001 Kharkiv, Ukraine

The study of crystallization processes in biological fluids is a promising direction
of research. It makes it possible to find out mechanisms that can influence the for-
mation of pathogenic crystals. Such a crystal is calcium oxalate monohydrate (COM)
which is found in kidney stones. The growth of COM crystals is influenced by various
molecules, for example, amino acids, which are present in the human biofluid (urine).
They can inhibit and promote the growth of COM crystals [1].

The aim was to study the COM crystallization in vitro in the presence of amino
acids – L-aspartic acid (L-asp), L-arginine (L-arg) and L-threonine (L-thr). The model
system was close to the physiological conditions [2]: 37◦C, the ionic strength of 0.15 M,
pH 5.8. The concentration of amino acids was 1–20 mM. The COM powders were
investigated by X-ray diffraction, IR-spectroscopy and scanning electron microscopy.

It was found that the molecules of L-asp, L-arg and L-thr amino acids exhibited
an inhibitory effect on the growth processes of COM crystals. The crystal size with
an addition of amino acids was two times less than that of pure COM crystals. The
degree of inhibition increased in proportion to the increase in the concentration of
amino acids in the solution. This fact is due to the adsorption of amino acids on the
growing faces of COM crystals and blocking the COM molecules of these faces.
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The problems of modeling laser-induced phase transformations in irradiated mat-
ter are very difficult [1]. The creation of laser-induced surface nano- and microstruc-
tures may be of a various nature [1]. These structures have various geometrical sizes
and physical properties and structural symmetry.

For example, laser-induced nanostructures on silicon have sizes from 15–20 nm
(nanosecond pulse Nd-laser irradiation with wavelength 1064 nm [1]) to 2000–3000 nm
(series nanosecond eximer KrF-laser irradiation with wavelength 248 nm [2]). Hexag-
onal nanocolumns 150–200 nm in height were created on a diamond germanium sub-
strate after Nd-laser irradiation (wavelength 532 nm) by the second harmonic of
nanosecond pulses [2]. Using femtosecond laser irradiation with wavelength 800 nm
the silicon allowed receiving surface nanocolumns 450 nm in height [1].

These results may be modeled and explained on the basis of a cascade model of
optical excitation of proper chemical bonds in the regime of saturation excitation [1].
This model allows estimating the intensity of irradiation for the creation of proper
solid state structures from the crystal to quasicrystal and amorphous symmetry. For
the case of light absorption on stable centers we must have a next chain of transfor-
mation of silicon with diamond symmetry: diamond, hexagonal, triclinic, monoclinic,
quasicrystals and amorphous. The estimation of the distribution energy for the case of
the silicon Nd-laser irradiation by of series of nanosecond pulses confirms this scenario.

The temporal characteristics of irradiation do not have any notable influence for
the case of light absorption on unstable and metastable centers. In this case we can
use stationary regimes of irradiation. The methods of estimating the energy regimes of
irradiation are analogous to the previous case [1]. These concept explains the positive
effect of Nd-laser annealing of ion-implanted layers of silicon [1].

Hence, an effective method of modeling the creation of laser-induced nano- and
microstructures must be based on the cascade model of step-by-step excitation of the
proper chemical bonds in the regime of saturation of the excitation [1].
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Five nanocrystalline iron samples with different average sizes (from 20.5 to 35 nm)
and different distributions of sizes were synthesized by fusing magnetite with promo-
tors. Magnetisation measurements in the 4–300 K range in field-cooled and zero-field-
cooled modes and isothermal (at T =2 K and 300 K) magnetisation in magnetic fields
up to 70 kOe provided many magnetic characteristics correlated with very complex
morphologies of the samples. The temperature dependences of the χZFC and χFC

curves measured in low magnetic fields indicated that the blocking temperature TB

for all our samples was above room temperature, what was expected for strongly ag-
glomerated nanoparticles as was the situation in our samples where strong dipolar
interaction acted among nanoparticles. In effect, the system of magnetic nanoparti-
cles was in a blocked state in all our samples in the investigated temperature range.
The observed behavior of the χZFC and χFC curves was compatible with a broad
distribution of particle sizes which started exhibiting a superparamagnetic regime at
different temperatures. The isothermal magnetisation M(H) (at T = 2 and 300 K)
for all samples showed a narrow hysteresis loop typical for certain ferromagnetic ma-
terials. A particular value of MS was influenced by the following main factors: the
magnetite content, the average nanoparticle size and the magnitude of nanoparticle
size distribution. The magnetite content in our iron samples was the most important
factor determining the MS value – the higher the Fe3O4 concentration the smaller the
resulting MS . Moreover, for smaller nanoparticles the effects of the surface disorder
diminishing MS were more important, thus larger nanoparticles displayed higher MS

than smaller nanoparticles.
Additional magnetic properties of the investigated nanocrystalline powders were

obtained by the study of ferromagnetic resonance (FMR) spectra taken at room tem-
perature. The FMR spectrum was analyzed by the decomposition of the observed
strongly anisotropic line on three (or four) components representing different mag-
netic entities. Due to the very complicated morphology of our samples no simple
correspondence of these components to specific magnetic units could be established.
In general, the most intense low field component might be attributed to smaller, su-
perparamagnetic nanoparticles forming elongated clusters along the applied field and
to larger, blocked nanoparticles forming superferromagnetic clusters with their easy
axes along the applied field. The other two spectral components could be attributed to
the blocked nanoparticles forming clusters of different spatial anisotropy (from nearly
spherical to very elongated). The intensity of the FMR line seems to be proportional
to the content of the superparamagnetic, small nanoparticles. The morphology and
a strong interparticle interaction appear to be the main factors that determine the
magnetic characteristics of our samples.
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Three samples: a graphene oxide/magnetite (GOFe3O4) nanocomposite in a con-
centrated powder form and dispersed in a PTT-PTMO polymer matrix (at 0.3 and
0.5 wt%, samples designated as PTT-PTMO/0.3GOFe3O4 and PTT-PTMO/0.5GO
Fe3O4, respectively) were studied by SQUID dc magnetometry in the 2–300 K tem-
perature range in the zero-field-cooled (ZFC) and field-cooled (FC) modes in magnetic
fields up to 70 kOe as well as by magnetic resonance spectroscopy, using a conventional
X-band Bruker E 500 spectrometer in the 90–290 K range.

The χ(T ) curves showed very similar thermal behaviour of magnetisations in both
polymer samples. On the other hand, a comparison of the magnetic susceptibilities of
both polymer samples with the GOFe3O4 sample revealed a significant difference – the
polymer samples seemed to display two blocking temperatures, because two shallow
maxima could be discerned in the χZFC curves, while only one maximum was visible in
the χZFC curve of the GOFe3O4 sample. Thus, the procedure of synthesis of polymer
samples affected to some degree their magnetic properties producing a bimodial-like
distributon of blocking temperatures. A simple explanation of this phenomenon in-
volves the presence of a magnetite-polymer interface that produces a core-shell struc-
ture of magnetite nananoparticles. Isothermal magnetisationat T = 2 K in magnetic
fields up to 70 kOe showed hysteresis loops because at that temperature the samples
were in a blocked, ferromagnetic state. The M(H) curve for GOFe3O4 was analysed
as composed from two components: ferromagnetic, saturated below 20 kOe and para-
magnetic described by the Langevin function. The saturation magnetisation of the
ferromagnetic component was determined to be 99 emu/g(Fe3O4) and the paramag-
netic moment 2.7 µB/Fe. The coercive field was roughly three times and the MR/MS

ratio was two times larger in the polymer samples in comparison with GOFe3O4.
Enhancement of the coercive field in both polymer samples might be explained by
a greater contribution of the shape anisotropy in these samples. A small value of
the MR/MS ratio in GOFe3O4 might indicate a smaller size of magnetic clusters in
comparison with the polymer samples.

The spectra registered by magnetic resonance were regarded as FMR (ferromag-
netic resonance). All the registered FMR spectra were dominated by an intense, broad
and asymmetrical line, reflecting very complex spatial arrangements of magnetic par-
ticles and a broad range of different interactions in which they were involved. The
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spectra were decomposed on components described by two Gaussian lineshape func-
tions. As a result of fitting the values of the resonance field, the linewidth and ampli-
tude of each component were obtained at specific temperatures. A different splitting
of the two components in polymer as compared to GOFe3O4 samples (large for the
former and small for the latter) and a different shift of the split components from the
magnetic field Hr0 corresponding to g = 2 (no internal field, superparamagnetic case)
was observed in both types of the samples. The reasons for these differences should be
searched in morphological differences between GOFe3O4 and both polymer samples.
A large shift of the resonance line from Hr0 in GOFe3O4 could be explained by an
agglomeration of magnetite nanoparticles in that sample and a large split of two com-
ponents in both polymer samples by a significant contribution of the surface energy
due to a strong polymer and magnetite interface. The temperature dependence of the
normalized (at RT) integrated FMR intensities IFMR (calculated as the sum of two
components) showed some very interesting behaviour. Initial cooling from RT caused
a slight increase in IFMR, but near 260 K a very rapid drop in the FMR intensity was
observed for all the three samples. The magnitude of this decrease was slightly smaller
for GOFe3O4 (40% drop) than for both the polymer samples (60% drop). This might
be explained by a relatively more intense FMR spectrum of the latter samples at high
temperatures in comparison to the GOFe3O4 sample. On further cooling the IFMR

curve levelled down and below 120 K started to slowly increase with a temperature
decrease. This increase was probably correlated with an increase in magnetisation
with the temperature decrease observed in the SQUID magnetisation studies.
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The spectral sensitization technology of heterophase “nonsilver core – silver haloid
shell” microsystems that allows fixing a dye at both molecular and/or J-aggregated
stages on the internal as well as external surfaces of a light sensitive shell has been
proposed. The creation of heterophase “nonsilver core – dye – silver haloid shell – dye”
microsystems is proved by the results of the spectrosensitometric and luminescence
characteristics including the depth and surface development of the exposed layers.

It has been shown that a J-aggregated dye disposed on the internal surface of
an AgBr shell by comparison of the same on the external shell surface extends the
spectral sensitivity area in the long wave region due to the absence of interaction
of the dye molecules and J-aggregates under light excitation. The silver haloid shell
spatially separates not only the J-aggregated and molecular phases of the dye but
even different dye sensitizers the mutual appliance of which leads to desensitization
of the emulsion. Anionic dye interaction with the core also essentially changes the
relaxation nature of the dye photoexcitation in the investigated microsystems. As
a result, a concentration of neutral silver clusters on the external AgBr – shell surface
decreases and a most significant change is achieved at the emulsion exposure by the
light from the J-aggregate dye absorption region.
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The sizes of regions with homogeneous magnetization of binary b.c.c. alloys with
substitutional disorder are investigated in dependence on isovalent alloys parame-
ters changing within the scope of the generalized single-band Hubbard model. The
breaking of the translation invariance of the alloys due to the atomic disorder leads
to a violation of the electron-hole symmetry, which results in both the threshold
character of the antiferromagnetic ordering at half filling and the asymmetry of the
magnetic phase diagrams of the alloys relative to the corresponding value of the av-
erage electron density per one site [1]. A different advantageous order for filling the
Hubbard subbands of the alloy components, A and B, with the increasing average
electron density per one site, which is determined by the sign of scattering poten-
tial of impurity, in the general case, results in an asymmetry (relative to the point
with equal concentrations of alloy components) of the dependences of the magnetic
characteristics on the concentration of component A in isovalent alloys [2]. As found
in the present work, the dependences of the sizes of regions with homogeneous mag-
netization on alloy parameters are determined by the corresponding changes of the
equilibrium values of the magnetic order parameter. The latter is calculated by the
free energy minimization procedure taking into account the changes in the electron
density state of the infinite bulk sample. The dependences of the sizes of regions
with homogeneous magnetization on the different values of the scattering poten-
tial of impurity, the energy parameter of the Coulomb repulsion of electrons with
opposite spins at the one site (the rate of electron-electron correlation), the aver-
age electron density per one site, and the concentrations of alloy components are
investigated. As demonstrated, the asymmetric concentration dependences of local-
ized magnetic moments and charge densities at the lattice site do not influence sig-
nificantly the concentration dependence of the size of regions on the homogeneous
magnetization.
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Layered semiconductors are well known materials investigated for decades. They
posses the remarkable feature of easy intercalation in the space between layers with-
out any significant change in volume. There is a technology of stage ordering of a host
compound (monochalcogenides of indium and gallium in our case) aimed at better
penetration of intercalant particles into the matrix as well as a possibility of inter-
calation of large molecular groups like oligo-dimethylamino-methacrylate. Such stage
ordering is perpendicular to the host layers with a significant increase in the distance
between packets (mostly three layers in a packet in the considered case [1].

Changes in the electronic band structure of the stage ordered layered nanohybrid
compound of the GaSe-type due to intercalation by some particles (having, in general,
a complex electron spectrum) are studied within the model which is a simplified
version of the periodic Anderson model. The principal restructuring of the electron
spectrum and the respective density of states consist in additional splitting, emergence
of a gap (or pseudogap) and appearance of a single impurity band in addition to the
main one. Being far enough from the main band, the impurity band degenerates into
the impurity level. Approaching each other they hybridize with the reconstruction of
the respective edge of the main band.

In the case, when the single-electron energy spectrum of the impurity particle is
approximated by the density of states of the model shape, the full spectral density is
smeared out. The singularities of the total density of states (DOS) gradually smear out
with an increase in the parameter that characterizes the local level broadening degree,
the hybridization gap in the energy spectrum disappears, and the three-step structure
of density of states near the energy band edge becomes less distinctive. Similar changes
in the DOS take place with an increase in the intercalant concentration [2].

The applied approaches greatly simplify the internal energy structure of interca-
lated particles but they allow obtaining expressions for the electron excitation spec-
trum and the density of states in an analytic form. The obtained results provide
a good qualitative description of the intercalation effect on the electron subsystem of
intercalated stage ordered layered crystals.

Knowledge of the total density of states allows calculating the electron quantum
capacitance of the considered intercalated layered compounds [3]. In the low tem-
perature limit the frequency dispersion of the DOS determines the field (voltage)
dependence of the quantum capacitance, which strongly depends on the localization
of the impurity bands, the strength of electron hybridization and the temperature.
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Carbon is a promising material for electric energy storage devices due to a variety
of its allotropic modifications and morphologic types. Carbon electrodes show a good
polarizability, are chemically inert, have good thermodynamic stability over a large
temperature range, and it is very important that the amphoteric behavior of carbon
allows this material to be used both as anode and cathode.

Taking into account the conceptual approaches in the supercapacitor technology
the first problem is to reach a high value of the active surface forming the high porosity
of the material. Since the initial carbon materials do not have such a large specific
surface, the problem arises how to increase this surface, or in other words, how to
activate it.

During the activation process sealed pores are opened and the porous structure of
the material develops as a result. Changing the kind of the carbon raw material and
the conditions of activation (temperature, duration and the type of atmosphere) it is
possible to control the volume of pores, their distribution and topology.

It should be also noted that the hydrophilic-hydrophobic properties of carbon
materials, which generally depend on their electron structure, are very important for
the optimization of porous electrodes.

Thus, a more effective charge and energy accumulating in a double electric layer
at the electrolyte- nanoporous carbon boundary is related to the use of new methods
of modification of the porous and electron structure.

In this work we present the results of the investigation of various kinds of carbon
materials as well as new methods of their modification (intercalative modification,
ultrasonic and microwave electromagnetic irradiation, etc.) which allows synthesizing
new carbon architectures which can be used to manufacture electric energy storage
devices.
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Proceeding in the direction of miniaturization modern microelectronics has come
to the so-called quantum technologies which are based on the use of quantum wells,
dots and their complexes. One of the areas of quantum engineering is the creation of
cascades of quantum barriers or wells which can be overcome by electrons without
reflection. This is the so-called resonance tunneling through quantum barriers, which
is possible only at certain electron energy values.

Moving in the direction of further microelectronic miniaturization of systems will
lead to the application of such processes in which single wells or barriers will partici-
pate. In this case the need arises to consider the so called resonant potentials which
can pass through certain energies without reflection. It is the well-known phenomenon
of resonance scattering when passing through rectangular potential wells or barriers,
but it is also possible during passing through a potential of an arbitrary shape, if it
is changing rapidly in some space area.

In this paper, an approach to the investigation of the resonance potentials of an
arbitrary form is developed which is based on the representation of the wave function
in next form:

ψ(x)∼ exp
(
−

∫ x

W (x)dx
)
,

where W (x) – some function which is called superpotential in supersymmetric quan-
tum mechanics, in which we select real and imaginary parts W (x) =WR(x)+WI(x),
where WR(x) and WI(x) – real and imaginary parts of a superpotential

It is known that a complex superpotential leads to a real potential under certain
conditions. Thus, by substituting the introduced wave function into a one-dimensional
Schrodinger equation and after equating of its real and imaginary parts, we obtain
an expression for the wave function

ψ(x) =
1√
WI(x)

exp
(
−

∫ x

WI(x)dx
)
.

Now, choosing WI(x) which satisfies the corresponding boundary conditions on
infinity, we obtain the corresponding resonance potentials, which at certain energies
are related with the corresponding electron wave number in which the passing of the
potential will be without a reflection.
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The developed approach was tested on an example of a well-known unreduced
Peshl-Teller potential, implemented when selecting WI(x) in the form

WI(x) =
a2

cosh(ax)2
1

ik− atanh(ax)
− ik,

and some new resonance potentials were obtained.

170



ABS103

Electrical Properties of Glasses with Metallic

or Semiconducting Nanostructures

L. Wicikowski, L. Murawski

Faculty of Applied Physics and Mathematics, Gdansk University of Technology
Narutowicza 11/12, 80-233 Gdansk, Poland

The reduction in hydrogen is the simplest method to obtain electronic conductivity
on a glass surface in silicate and germanate glasses containing lead or bismuth ox-
ide. The reduction process results in a modification of the material structure within
a surface-layer (up to 50 µm thick). The modified surface layer consists of a de-
fected continuous silica matrix and neutral heavy-metal atoms, which agglomerate
into metallic granules (or nanostructures) inside the layer. When the metal concen-
tration is small and the metal forms nanostructures embedded in an insulating matrix
the conductivity is thermally activated with the activation energy of about 0.1 eV.
A commonly accepted theoretical model of electrical conductivity in granular met-
als is based on the process of tunneling of electrons between granules. According to
this model, the creation of charge carriers is due to thermal processes leading to the
transfer of electrons from one metal granule to a neighboring one. In order to gener-
ate a charge carrier, an electron has to be removed from a neutral grain and placed
on a neighboring neutral grain. Such process requires energy Wc = (e2/dε)F (s,d),
where d is the granule diameter, s is the distance between two granules, ε is the di-
electric constant of the matrix, and F (s,d) is a function which depends on the size
and distance distribution between granules. Calculations of the activation energy for
typical discontinuous metal structures have shown that this value is small, generally
below 0.1 eV at room temperature. In this material the conductivity often follows the
exponential temperature dependence:

σ(T ) = σ0 exp[(−T0/T )n]

where n is usually in the range 0.2≤n≤ 1 and depends on the mechanism of conduc-
tivity. This is consistent with the results of dc conductivity measurements in reduced
bismuth containing glasses.

Similar behaviour can be observed in glasses containing semiconducting nanos-
tructures. We have found that the conductivity in nanocrystallized V2O5-TeO2 glasses
increases several orders in magnitude and the activation energy is low as in the case
of granular metals. Recently, Garbarczyk et al. [1] have published several papers pre-
senting the results of conductivity in some nanocrystallized glasses (90V2O5-10P2O5,
Li2O-FeO-V2O5-P2O5). An increase in conductivity by a factor up to 103 and 109

has been observed in these glasses as a result of nanocrystallization.
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The results of molecular dynamics simulations of liquid copper will be presented.
In our approach, to describe the interactions of copper atoms, we used the NRL Tight-
Binding method [1,2], known to be able to correctly capture the relevant electronic
effects and reproduce the behavior of an element above the liquidus temperature [3].
This was confirmed by comparing our predictions (e.g. pair correlation functions,
angular distribution functions, structure factors) with other theoretical studies [4,5,6]
and the available experimental data [7]. We proposed a new approach to the structure
analysis of disordered systems, combining the Voronoi analysis [8] with the bond-
orientational order analysis [9,10,11]. The proposed technique was successfully applied
to characterize the structure of liquid copper and elucidate the role played by ideal
and defective icosahedra.
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Central-force decompositions are fundamental to the calculation of stress fields in
atomic systems by means of Hardy stress [1,2]. We derive expressions for a central-
force decomposition of the spline-based modified embedded atom method potential [3].
The expressions are subsequently simplified to a form that can be readily used in
molecular-dynamics simulations, enabling the calculation of the spatial distribution of
stress in systems treated with this novel class of empirical potentials. We briefly discuss
the properties of the obtained decomposition. To demonstrate the practicability of the
derived expressions, we apply them to calculate stress fields due to an edge dislocation
in bcc Mo, comparing their predictions to those of linear elasticity theory.
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We test the potentials available for elemental carbon, with the scope to choose
the potential suitable for the modeling of penta-graphene, the latest two dimensional
carbon allotrope [1]. By using molecular statics and molecular dynamics simulations
we show that there is only one potential – namely the Tersoff-type potential proposed
by Erhart and Albe in 2005 [2] – which is able to correctly describe all the important
features of penta-graphene. We show that this potential gives structural, mechanical
and energetic parameters which are in accordance with the previously reported ab
initio results.
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Nanotechnology influences various areas of researches, including medicine [1,2].
The discovery of surface plasmon resonance (SPR) phenomena has given the chance
to begin development of modern diagnostic methods, such as optical biosensors. Due
to highly sensitive SPR sensors it became possible to find biomolecules rapidly. This,
in turn, helps to collect a lot of important information about the presence and struc-
ture of specific molecules using optical spectroscopic methods as SPR, Raman spec-
troscopy, Surface Enhanced Raman Spectroscopy (SERS) and Fourier Transform In-
frared Spectroscopy (FTIR). This information allows to find new markers which can
be used in diagnostics of cancer.

In the presented work, the surface plasmon resonance phenomenon excited on
gold nanofilm was used for a difference research in structure of blood cells of healthy
and cancer patients. Blood serum was analysed with use of the mentioned oscillatory
spectroscopy methods.
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Nickel hydroxide is of particular interest because it is a cheap and available elec-
trode material. It is known that nickel hydroxide has two major polymorphic mod-
ifications: alpha- and beta-Ni(OH)2. Beta-phase Ni(OH)2 is isostructural to brucite
Mg(OH)2. The alpha-phase has a high theoretical capacity, but it is unstable in alka-
line and quickly transforms into stable beta-Ni(OH)2 [1].

We obtained the nickel hydroxide and the composite with nanoporous carbon ma-
terials (NCM) by the hydrothermal method using nickel nitrate as a major precursor.
The NCM were dispersed by ultrasound in distilled water for 25 minutes or 2 hours,
or exposed to laser irradiation for 3 min.

SEM images showed that the particles of hydrothermally obtained alpha-Ni(OH)2
were microspheres 2.5 microns in diameter. In the composite, microspheres enter the
pores of the carbon covering the surface.

Electrochemical studies were conducted using a three-electrode cell in which alpha-
Ni(OH)2 and composite alpha-Ni(OH)2/C were used as working electrodes. There
were two anodic peaks at 0.3 and 0.35 V for alpha-Ni(OH)2. The presence of these
peaks indicates that during anodic oxidized alpha-Ni(OH)2, a system with two sepa-
rate phases was formed. These phases are at different potentials and are likely alpha-
and beta-Ni(OH)2. In the cathode region, the peak did not split so the kinetic prop-
erties of restoring the two phases are identical. During cycling the anodic current
peak is shifted toward the positive potential (from 0.37 to 0.44 V), what is probably
the cause of the process of transition to a stable beta-phase. As the alpha-phase is
thermodynamically unstable, the conversion to the beta-phase or the mixed phase
is an energetic favorable process. Thus, the most likely interfacial transformation
caused the by two distinct processes: the transition to beta-Ni(OH)2 in a concen-
trated solution of KOH and electrochemical cycling between oxidized and reduced
states. For composite alpha-Ni(OH)2/C there is one peak only which is responsible
for the alpha-phase. We can therefore say that the addition of carbon improves the
stability of alpha-Ni(OH)2 in the cycling. Composite alpha-Ni(OH)2/C dispersed by
ultrasound for 2 hours demonstrates the highest specific capacitance (310 F/g, at
speed scanning of 1 mV/s).

Hence, the input of carbon into a nickel hydroxide structure and ultrasound suc-
cessfully stabilize alpha-Ni(OH)2 in alkaline environments and increase the conduc-
tivity of composite materials and devices are formed on their basis accordingly.
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An X-ray diffraction study of liquid Al-Fe-Ge alloys in a wide temperature range
was carried out along two cross sections parallel to one of the concentration triangle
sides, with the contents of 20 and 55 at.% Al using monochromatic Mo-Kα radiation.
The difference in interatomic interactions in the boundary binary Al-Fe, Al-Ge, Fe-Ge
melts was taken into account during selection of compositions. It allowed estimating
their influence on the formation of the structure of liquid ternary alloys. The maximum
value of the enthalpy of mixing (∆Hmax) binary melts (in absolute value) being
−21 kJ/mol for Al-Fe, −16 kJ/mol for Fe-Ge and −3.3 kJ/mol for Al-Ge according
to the published data was taken as a quantitative characteristic of the energy factor.
It points out on the existence of a competition between Al and Ge atoms in the
formation of a local atomic structure of ternary melts, especially a local environment
of the Fe atoms. The maximum value of the mixing enthalpy (∆Hmax) of ternary melts
is approximately −20 kJ/mol that indicates a priority role of interatomic interactions
in the Al-Fe boundary melts in the formation of the thermodynamic properties of
the Al-Fe-Ge melts. For example, the structure factor (SF) and the concentration
dependences of first peak positions of the structure factor (S1) and the pair correlation
functions (R1) of the liquid ternary alloys along the Al55Ge45-Al55Fe45 cross section

Figure 1: Structure factor curves (a) and concentration dependences of S1 and R1 values
of liquid Al-Fe-Ge alloys along Al55Ge45-Al55Fe45 cross section at 1000◦C (b)
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are shown in Figure 1. As can be seen from Figure 1, the addition of 5 at.% Fe to
binary Al55Ge45 leads to noticeable changes in the form and position of the first peak
of the SF, thus, to a decrease in the R1 value.

This tendency remains with further replacement of germanium by iron that leads
to noticeable negative deviations of the concentration dependences of R1 from the
additive behavior in the range Al55Ge45-Al55Ge9Fe36. It is also consistent with the
concentration dependence of the R1 value of the binary Al-Fe liquid alloys due to the
priority of heteroatomic interactions in the formation of the local atomic structure. It
has been found that the structure factor of the liquid ternary alloys with > 15 at.%
Fe has a weak prepeak at low Q values (1.8 Å). According to the literature, the
presence of a prepeak on the SF is a structural feature of liquid Al-Fe alloys. There
are microgroups of germanium atoms in liquid ternary alloys with the content of 40–
30 at.% Ge (Figure 1a) that is manifested by a shoulder on the low-Q side of the first
peak of the SF which is in agreement with the position of the first peak of the SF
of liquid germanium. Similar changes in the structure factor and the pair correlation
function are also characteristic for ternary melts along the Al20Fe80-Al20Ge80 cross
section. The obtained results indicate the priority role of interatomic interactions in
Al-Fe pairs in the formation of the local atomic structure of liquid Al-Fe-Ge alloys
at 1000◦C.
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Although considerable research has been performed to investigate the impact of
nanoinclusions on the commercial Sn-Ag-Cu (SAC) alloys and considerable improve-
ments of the microstructure and of various properties have been reported, manufac-
ture and application of nanocomposite SAC solders appear to be still in the distant
future. In fact, there are many open questions related to the long time behavior of
nanoparticles in the bulk Sn-based matrix. One of the major points is whether metal
nanoparticles will be stable inside a metal matrix, or whether their high chemical
activity will lead to dissolution, changing the microstructure and properties of the
solder.

A key issue discussed in the current study is the examination of the impact of
adding metals into SAC solder either in the bulk or nanosized form. Measurements of
various thermophysical and thermodynamic properties, supported by structural stud-
ies in the liquid state, were performed to discover the changes in the behavior of the
liquid Sn-3.8Ag-0.7Cu and Sn-3.0Ag-0.5Cu solder alloys caused by minor metal addi-
tions, namely Co and Ni up to 5 wt. Furthermore, the reliability of Cu/nanocomposite
solder/Cu joints was studied based on microstructural analysis and tests of various
mechanical properties, such as shear strength and microhardness.
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The high-entropy alloys (HEAs) form simple Bravais lattice structures, such as
face-centered cubic (FCC) and/or body-centered cubic (BCC) while they contain at
least five pure components with a more or less equiatomic composition. This unique in-
ternal structure leads to unexpected characteristics which could not be obtained from
any single component. The addition of Al to the multi-component solid CoCuFeNi so-
lution in order to produce HEA leads to a phase decomposition with the formation of
Al-rich and Al-poor phases. Furthermore, as-solidified Al-containing HEAs show the
formation of Al-Co (Al-Ni) intermetallic compounds (IMCs). The above-mentioned
structural transformations should certainly have an impact on the physical and chem-
ical properties of HEAs.

The goal of this study is to investigate structural changes in CoCuFeNi alloys with
increasing the content of Al up to an equiatomic composition. For this purpose, high-
entropy AlxCoCrFeNi alloys (x = 0; 0.2; 0.4; 0.6; 0.8; 1) were prepared using an arc-
melting furnace. The microstructure and phase composition were investigated based
on scanning electron microscopy (SEM) and X-ray diffraction analysis. Furthermore,
parts of the samples were subsequently heat treated at 1273 K and 1073 K for two and
six days, respectively. The annealed samples were investigated to study the evolution
of the phase composition and microstructure after heat treatment.
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Semiconductors with a layered crystalline structure occupy a special place among
a large number of new semiconductor materials. Both scientific and practical interest
in similar semiconductors is growing every year [1,2]. Therefore, the expansion of
the class of precisely layered semiconductors such as AIIIBIIICVI

2 , including TlGaSe2,
production of perfect crystals, and the further study of the complex of their physical
properties, are the current issues in modern solid-state physics.

The investigated compounds were grown by directional crystallization (Bridgman-
Stockbarger method) with the percentage content of 98 mol% TlGaSe2 – 2 mol%
ZnSe.

The optical absorption coefficients are determined in the temperature range of 100-
300 K using the R values at room temperature and provided that the temperature
change does not contribute to a large significant change in R [3] (Figure 1). An analysis
of these curves shows that the absorption spectra can be described by the formula
αk = A(hν −Eg), where k = 2 – direct transitions are allowed; k = 1/2 – indirect
transitions are allowed (Figure 2a,b).

Figure 1: Typical absorption spectra for 98 mol% TlGaSe2 – 2 mol% ZnSe

182



ABS112

Figure 2: Typical absorption spectra (a) and direct absorption spectra (b) for 98 mol%
TlGaSe2 – 2 mol% ZnSe

The width of the forbidden band for indirect optical transitions is less than for
direct optical transitions. This change is typical for crystals that have a layered struc-
ture [1].

From Figure 1, it is clear that below the strong absorption range the dependence
α = f(hν) is exponential-like. The region of exponential variation of α with increasing
hν is called the Urbach’s tail [4]. On the exponential part, the dependence α = f(hν)
is subject to the Urbach rule (Figure 3)

Figure 3: Typical absorption spectra obtained at 100, 150, 200, 250 and 300 K for
p-98 mol% TlGaSe2 – 2 mol% ZnSe

The EU growth for the compound with the increasing temperature (Table 1) is
associated with an increase in the disorder of the samples and it is determined both
by static (“frozen phonons”) and by dynamic (“thermal phonons”) components [5].
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Table 1: Width of forbidden band, with direct allowed transition, Urbach’s energy and
steepness parameter

Temperature 100 150 200 250 300
Egd

eV 2.13 2.11 2.10 2.08 2.06
Eu meV 39.70 44.40 48.00 51.00 55.50
Stepness parameter 0.217 0.291 0.359 0.422 0.465

Figure 4: Steepness parameters as function of temperature for p-98 mol%
TlGaSe2 – 2 mol% ZnSe; the solid line represents a fitting curve using the equation

σ(T ) = kT∆(lnα)/∆(hν)

The steepness parameter from the experimental data on the slopes of the tails
of the absorption edge is shown in Figure 4. In the entire range under study, it is
approximated by the expression for the absorption edge which is formed with the
participation of electron-phonon interaction [5].
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The energy conditions and electronic mechanisms of interaction of the surface ions
of nanoparticles and surrounding environments were determined as a result of the
study of the redistribution of valence electrons in the dispersion process of nanosized
materials with different types of the bonding and atomic-crystalline structure.

We show that narrowing the energy distribution of valence electrons in nanosys-
tems is a result of the disappearance of the splitting of energy levels and that changes
of their position are a result of relaxation processes at the breaking of atomic bonds.

The migration of electrons from high-energy non-binding states of anions to the
energy levels of cations was detected due to the increase in the number of broken
ionic-covalent bonds when the sizes of oxide nanoparticles were reduced. This leads
to an increase in the surface energy of nanosize oxides and the abilityto interact with
other systems.

The influence of shock-vibration treatment of mixtures of nanooxides and pyro-
genic synthesis of nanocomposites on their electronic structure is studied. It is shown
that when shock-vibration processing amorphous and crystalline nanosize particles
interconnect, there is formation in the interface of their (O−O)pπ-bonds, due to the
overlap of Op-orbitals and additional splitting of energy levels and filling of the elec-
tron binding transitioned from metal [1,2]. Therefore, the increase in the charges of
anions leads to increased Coulomb attraction of Li+ ions to the anions on the surface
and structural defects of nanocomposites. This leads to a sharp increase in the charge
capacity of the lithium power sources with composite cathodes.

The inability of Li+ to recombination with Op-bound electrons and recovery of
lithium is established. Therefore, lithium oxide film is not formed on the surface of
nanoparticles and the level of introduction of lithium in the cathode increases 1.5
times after the 2nd cycle of deintercalation.

It was also shown that an increase in the filling of high-energy non-binding and
anti-binding levels by electrons leads to the recovery of lithium due to the recombi-
nation of Li+ +e− = Li.
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The lithium-ion battery is the most promising battery candidate among various
available storage technologies to store chemical energy and deliver electrical energy
with high conversion efficiency without gaseous emission. As the dominant power
source for electric vehicles and hybrid electric vehicles, rechargeable lithium bat-
teries need to be further improved to compete with traditional petrol vehicles [1].
Therefore, intensive research efforts on searching for battery cathode materials with
higher energy densities spring up. Traditional cathode materials, such as LiCoO2,
LiMn2O4, LiFePO4, etc., have a limited actual specific capacity in the range of 120–
160 A·h/kg, which depend on Li+ intercalation/deintercalation that use only one unit
valence change per cation. Recently, transition metal fluorides, such as CoF2 [2] and
FeF3 [3–6] have been studied as a promising new class of cathode materials, which
exhibit large theoretical capacities and high discharge voltages due to their highly
ionic metal-ligand bonds and small atomic weight.

Fluoride iron is regarded today as one of the most promising cathode materials for
lithium power sources (LPS). The advantages of their use in power sources are: a rel-
atively high open-circuit voltage of ∼ 4 V and the specific capacity of ∼ 200 A·h/kg.
However, these materials are characterized by low conductivity and they are dielectrics
with a wide band gap (4.485 eV). This makes it difficult to transport electrons into
the flow of electrochemical reactions, and reduces the specific characteristics of the
LPS formed on their basis. One solution to this problem is the use of nanostructured
iron fluoride forms and their nanocomposites from conductive materials.

The materials were prepared by a simple liquid-phase method. FeF3 ·0.33H2O was
obtained by heat treatment at 180◦C for 4 h in a tube furnace with an argon flow.
As a result, according to the XPA and Mössbauer spectroscopy data, we obtained the
following monophase materials: HTB-FeFR3 · 0.33H2O with a structure of hexagonal
tungsten bronze (PDF: 76–1262) with an average size of coherent scattering regions
up to 26 nm. The FeF3 · 0.33H2O/C nanocomposite was obtained by the ultrasonic
dispersion method using acetylene black (AB) (weight ratio of iron fluoride: AB=
80 : 20). The cathodes for the lithium cells were fabricated by mixing the acetylene
black and a polyvinylidene fluoride (PVDF) binder with a weight ratio of 75 : 15 : 10 in
N-methyl pyrrolidinone, which were then pasted on aluminum foil. The testing cells
were assembled with the cathodes thus fabricated, a metallic lithium anode, a film
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separator, and 1 M LiBF4 electrolyte. The testing cells were assembled in an argon-
filled glove box. All the cells were allowed to age before testing, the specific capacity
was based on the weight of the nanocomposite material.

Although the electrochemical reaction mechanism of FeF3 has been investigated
fully, the electrochemical reaction mechanism of FeF3 ·0.33H2O and FeF3 ·0.33H2O/C
still remains unknown. The galvanostatic charge/discharge measurements were carried
out in a wide voltage range (0.5–4.5 V) to explore the reaction mechanisms of these
iron fluorides and compare their electrochemical properties. FeF3 ·0.33H2O and FeF3 ·
0.33H2O/C as cathodes during the first cycles with the current density of 0.1 C in the
voltage of 0.5–4.5 V at room temperature showed a well-defined three-staged discharge
with the voltage plateau above 3.0–2.7 and 2.0–1.4 V, followed by a flat voltage
discharge at 1.4–0.5 V, demonstrating a three-step electrochemical reaction process.
Notably, FeF3 · 0.33H2O shows a maximum initial discharge capacity of 603 A·h/kg,
and FeF3 ·0.33H2O/C shows – 819 A·h/kg, which are probably attributed to a three-
step electrochemical reaction including the Li+ insertion and the reversible conversion
reaction.
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