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General informations

Our aim was to create a high quality journal, with a strict peer-review process, and complying with the transparency rules
edicted by the DOAJ, COPE,...

Materials and Devices publishes several types of articles :

- A reqular papers, that should present the results of original research, not published or submitted somewhere else.

- L : short papers, presenting original results, written as letters, focusing on one or few particular aspects, representing a
very significant progress, for rapid publication.

- R : review papers, that presents a summary of results published in literature, on fields covered by the journal.

- T : technical papers, on the development of laboratory techniques and aparatus relevant to studies on materials and
related devices. Such papers will present the details of a given technique, and an example of application in real
condition, they may also take the form of overviews or reviews. In one of these last cases, the word « review » or
« overview » will appear explicitly in the title of the article.

- Ur: Unexpected and « negative » results, the journal accepts papers describing unexpected results, or results
considered as negative, provided that the original ground arguments are sound, and that a reasonable interpretation can
be proposed. Typical examples are : a synthesis process that is generally successful, which aborts in given cases, or
give different unexpected but interesting results, results contradicting a theory or a model, etc. The idea to publish such
papers is mainly to save time to the scientific community by giving information that is generally not available, except as
private communications between researchers.

- Opinion articles, the journal accepts submissions of this type of papers in which authors express, expose, and motivate
their opinion, suggestions, proposals, analyzes, on general, philosophical, political aspects, policies related to
researches on Materials and on Devices, on all subjects from the production of the scientific results, to the publication
and use of those results. See details in the journal’s site.

- Comments: short articles allowing to discuss specific points of an article that preferentially has been published in the
OAJ Materials and Devices, and that is of particular importance for the readership of the journal. They should not attack
the article, but provide a scientific, objective view or commentary, or complementary informations in a respectuous style.

- Conf: conference papers : OAJ Materials and Devices may also publish conference proceedings and conference

papers in special volumes. Organlzers of conference interested should contact the journal in advance to know details.
(Updated on june, 21st, 2019)

Aims and scope of the journal

The topics covered by the journal are wide, it aims at publishing papers on :

- all aspects related to materials, namely according to their chemical formula (oxides, fluorides, carbon compounds, ...,
organic, inorganic), to their physical properties (conductors, super-conductors, semi-conductors, insulators,
dielectrics,...), to their nature (crystalline or amorphous materials, liquid crystals, modulated systems, aperiodic materials,
nanomaterials and nanostructured materials)... or environmental type (ecomaterials), or according to some specific
applications. Papers on biomaterials, geomaterials, archeomaterials or on studies of ancient materials are also welcome.
A particular attention is also paid on environmental studies related with materials. Authors are also encouraged to submit
papers on theoretical studies applied to materials, including pure mathematical approaches, physical approaches,
models, numerical simulations, etc.
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- devices in a wide sense. Concerning Devices, the scope is restricted to those
integrating given materials (for instance memories based on some specific
magnetic materials) or those related to materials in their study or use (for instance
specific instruments in materials science, devices of interest for the use of
particular materials,...) . Papers on all types of such devices are welcome.

Policy of the journal

Materials and Devices is an Open Access (*) journal which publishes original,
and peer-reviewed papers accessible only via internet, freely for all. Your published article can be freely downloaded,
and self archiving of your paper is allowed!

We apply « the principles of transparency and best practice in scholarly publishing » as defined by the Committee on
Publication Ethics (COPE), the Directory of Open Access Journals (DOAJ), and the Open Access Scholarly Publishers
Organization (OASPA). The journal has thus been worked out in such a way as complying with the requirements issued
by OASPA and DOAJ in order to apply to these organizations.

Evaluation - peer-reviewing : After reception, the paper is sent to reviewers for evaluation. In case of negative or
divergent opinions of reviewers, the editor-in-chief sends the paper to another reviewer and then gives a final decision
based on all reports. Reviewers are asked to reply within three weeks to warranty a fast publication process.

Copyright on any article in the OAJ Materials and Devices is retained by the author(s) under the Creative Commons
(Attribution-NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)), which is favourable to authors.

(*) An open access journal means that all content is freely available without charge to the user or his/her institution. Users are allowed to read, download,
copy, distribute, print, search, or link to the full texts of the articles in this journal without asking prior permission from the publisher or the author. This is in
accordance with the BOAI definition of open access.
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People interested in this project are welcome ! Contact us to submit your proposals, ideas, suggestions, or to get
involved in some actions !

Materials and Devices (ISSN 2495-3911) is a relatively new journal, and as such, is not yet indexed. However in future
we shall consider as a priority task, to reach a significant impact factor for this journal.

Collaborating Academics NGO

Materials and Devices is owned by the non governmental non profit organization
COLLABORATING ACAMICS, an international NGO located in France, that works for scientific
communication (organization of meetings, workshops, etc) and development of science.
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COLLABORATING ACADEMICS has launched Collaborating Academics - International Press. CAIP is a

collaborative project led by academics and scholars. The main idea is to appropriate the scientific edition in its Open
Access form, and keep it free as much as possible.

These structures base their activities on volunteering and you are welcome if you are interested in joining us!

To get involved :

Register as potential reviewer/reader/author in the site of the journal : http://materialsanddevices.co-ac.com
Join Collaborating Academics : http://co-ac.com and propose ideas !

Submit papers !

Submit your paper on line at http://materialsanddevices.co-ac.com

Contact us at : contact@co-ac.com

Publisher : COLLABORATING ACADEMICS

French association (loi 1901) registered Nr W343019101 (Préfecture de I’Hérault).
No SIRET: 814 883 476 000 16 — APE 9499Z

Address : 14, Av Frederic Mistral, 34110 Frontignan, France

Contact : + 33 675 64 02 29 — email : contact@co-ac.com

Advertising of free/lopen source softwares

Scientists need efficient, robust, reliable operating systems... Use Linux and its
numerous free, opensource softwares!

Linux

More Performance
More Security
Always Accessible

IMPORTANT:

WE ACT IN FAVOUR OF FREELY AVAILABLE SCIENTIFIC INFORMATION, YOU ARE
THEREFORE AS AUTHOR OR READER, ENCOURAGED TO SHARE FREELY THE
CONTENTS OF ANY VOLUME OF THE OAJ MATERIALS AND DEVICES, IN YOUR
PERSONAL SITE, INSTITUTIONAL SITES, REPOSITORIES, ETC.

Copyright on any article in Materials and Devices is retained by the author(s)
under the Creative Commons (Attribution-Non Commercial-NoDerivatives 4.0
International (CC BY-NC-ND 4.0)), which is favourable to authors.
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LibreOffice

https://www.libreoffice.or

LibreOffice is a powerful office suite —
its clean interface and feature-rich
tools help you unleash your creativity
and enhance your productivity.
LibreOffice includes several
applications that make it the most
powerful Free and Open Source office
suite on the market: Writer (word

Octave

https://www.gnu.org/
software/octavel

GNU Octave is a high-level interpreted
language, primarily intended for
numerical computations. It provides
capabilities for the numerical solution
of linear and nonlinear problems, and
for performing other numerical
experiments. It also provides extensive
graphics  capabilies  for  data
visualization and manipulation. Octave
is normally used through its interactive
command line interface, but it can also
be wused to write non-interactive
programs. The Octave language is

http://lwww.scilab.org/en

Scilab is free and open source
software for numerical
computation providing a  powerful
computing environment for

engineering and scientific applications.
Scilab includes hundreds of
mathematical functions. It has a high
level programming language allowing
access to advanced data structures, 2-
D and 3-D graphical functions.

processing), ~Calc (spreadsheets), gyite similar to Matlab so that most|A large number of functionalities is
Impress (presentations), Draw (vector programs are easily portable. included in Scilab.
graphics and flowcharts), Base
(databases), and Math (formula
editing).
Avint @ Elmer LW
7 ~bINn|
) . http:/scidavis.sourceforge.net
htp://www.abinit.or https://csc.fi/web/elmer/elmer SciDAVis is a free application for

ABINIT is a package whose main
program allows one to find the total
energy, charge density and electronic
structure of systems made of electrons
and nuclei (molecules and periodic
solids) within Density Functional
Theory (DFT), using pseudopotentials
and a planewave or wavelet basis...
learn more in the internet site!

Elmer is an open source multiphysical
simulation software mainly developed

by CSC - IT Center for Science

(CSC). Elmer development was
started 1995 in collaboration with|
Finnish Universities, research

institutes and industry. After its open | @«
source publication in 2005, the use
has -

and development of Elmer

become international.

Elmer includes physical models of fluid ;.
mechanics, -
electromagnetics, heat transfer and &=

dynamics, structural
acoustics, for example. These are
described by partial differential
equations which Elmer solves by the
Finite Element Method (FEM).

Scientific Data Analysis and Visualizat

it 1
e 58 o S 0 Bt

aiéiﬂﬂ5
.

e s 55

b 1 U e o B B
o [

OAJ Materials and Devices - VI


http://scidavis.sourceforge.net/
http://www.csc.fi/
https://csc.fi/web/elmer/elmer
http://www.abinit.org/
http://www.scilab.org/en
https://www.gnu.org/software/octave/
https://www.gnu.org/software/octave/
https://www.gnu.org/software/octave/
https://www.libreoffice.org/

ABSTRACTS BOOK

The Ninth International Seminar on
Ferroelastic Physics

Organized by
Voronezh State Technical University
The Russian Academy of Sciences
Ministry of Education and Science of the Russian Federation

2018

Voronezh, RUSSIA



Organizing Committee

S.A. Gridnev — Honorary Chairman (Voronezh State Technical University Russia)
L.N. Korotkov — Chairman (Voronezh State Technical University Russia)
O.N. Ivanov — Vice-Chairman (Belgorod State University Russia)

L.S. Stekleneva — Scientific Secretary (Voronezh State Technical University Russia)
L.N. Flerov (Kirensky Institute of Physics SB RAS, Krasnoyarsk, Russia)

V.P. Sakhnenko (Southern Federal University, 344090, Rostov-on-Don, Russia
A.S. Sidorkin  (Voronezh State University Russia)

International Scientific Advisory Committee
A.V. Belushkin (Frank Laboratory of Neutron Physics, JINR, Dubna, Russia),
A.A.Bokov  (Simon Fraser University, Burnaby, British Columbia, Canada)
A .M. Bratkovsky (Hewlett-Packard Laboratories, Palo Alto California, USA),
S.A. Gridnev ~ (Voronezh State Technical University Russia),
I. A. Luk’yanchuk (University of Picardie, Amiens, France),
S.G. Lushnikov (Ioffe Institute, St.-Petersburg, Russia),
Yu.F. Markov (loffe Institute, St.-Petersburg, Russia Russia),
P. Saint — Gregoire (University of Nimes, NIMES France),
V.H. Schmidt (Montana State Universitu, Bozeman, Montana, USA),
A.S. Sigov (Moscow State Technical University of Radio Engineering,

Electronics and Automation, Moscow, Russia)

Program Committee
A.S. Sidorkin — Chairman
A.A. Kamynin — Secretary
Yu.F. Markov
V.I. Zinenko
ISFP-9 website is located at:
http://isfp-9.cchgeu.ru/
E-mail: <isfp9@mail.ru>

OAJ Materials and Devices, Vol 4 (1), 1506 (2019) — DOI: 10.23647/ca.md20191506



THE PHYSICS OF FERROELASTICS CONTINUES TO EVOLVE
S.A Gridnev and L.N. Korotkov

Ferroelastics are the crystals having spontaneous deformation of the crystal lattice in a

certain temperature range, which can be reoriented by external mechanical stress.
The term “ferroelastics” was firstly introduced by Aizu at 1969 year [1]. Somewhat later,
Aizu proposed the concept of higher order ferroics [2], which allowed him to construct a uni-
fied phenomenological systematics of crystals undergoing structural phase transitions with a
change in symmetry point group. These are ferroelectrics, ferroelastics, ferromagnetics and
ferroics of higher orders. The phase transitions and the anomalies of the physical properties
accompanying them in all these types of crystals are described in terms of the Landau theory
and have many common features accordingly. However, at the same time they have funda-
mental differences.

Feerroelastics are characterized by softening of acoustic modes in the case of proper
phase transitions, the specific nature of the fluctuations of the order parameter and by specific
effect of defects on the lattice dynamics near the phase transition point. Moreover, they are
characterized by the special nature of the anomalies of elastic and piezooptic properties, by
specific dynamics of domains, which are themselves specific, etc.

Ferroelastics are the most numerous class of crystals, undergoing structural phase tran-
sitions, and at the same time, the most convenient objects for their study. Besides, ferroelas-
tics begin to be used more and more in the new technique. For these reasons, interest in them
continues to grow, as clearly demonstrated by the regularly held seminars on the Ferroelastics
Physics. (The foregoing is taken from [3])

The regular 9(14) International Seminar on Ferroelastic Physics (ISFP - 9(14)) was or-
ganized at September 2018 by the Laboratory of Ferroelectrics of the Voronezh State Techni-
cal University in collaboration with the Scientific Council on Ferroelectrics and Dielectrics of
the Russian Academy of Sciences and the Ministry of Education of Russian Federation. It was
the fourteenth event in a series that began at Bologoe, Russia, in 1978 and was initiated by
Prof. L.A. Shuvalov for the purpose of conveying a better understanding of ferroelastic prop-
erties in crystals undergoing different structural phase transitions. This and subsequent semi-
nars (Voronezh — 1982, Kharkov — 1985, Dniepropetrovsk — 1988, Uzhgorod — 1991, Vo-
ronezh — 1994, Kazan — 1997, Voronezh — 2000, 2003, 2006, 2009, 2012, 2015) provided the
panel for the scientific discussions on all the important aspects of the ferroelasticity.

The ISFP - 9(14) was held on the eve of the 50th anniversary of the publication of the
first work devoted to ferroelastics. The seminar has demonstrated, that the physics of ferroe-
lastics, despite of all difficulties, prolongs is developed successfully.

Traditionally, a large number of works presented in ISFP-9(14) are devoted to lattice
dynamics and structural phase transitions in various classes of ferroics and multiferroics.
Judging by the contributions presented, in interpreting the experimental results, the methods
of the phenomenological theory were used more often than others.

A considerable number of experimental and theoretical works sent to study of the
physical properties of weakly ordered ferroics and various heterogeneous materials with a mi-
cro- and nano-scale inhomogeneities, including superlattices of the ferroelectric — ferroelectric
or ferroelectric — dielectric type. Of particular interest to such structures is associated with
their unusual physical properties. Among the heterogeneous materials discussed in the course
of the seminar, one should also single out structures of the ferroelectric-ferromagnet type.

References

1. Aizu K. // J. Phys. Soc. Japan. 1969. V. 27. P. 387.
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Thermodynamic Method in the Study of Phase Transitions and
Caloric Effects in Ferroics

LN. Flerov'? and M.V. Gorev'?

'Kirensky Institute of Physics, Federal Research Center KSC SB RAS,
660036, Krasnoyarsk, Russia

?Siberian Federal University, 660074, Krasnoyarsk, Russia

e-mail: flerov@iph krasn.ru

The active and comprehensive application of the thermodynamic method of research in
various areas of solid-state physics is largely due to its universality. Indeed, the thermody-
namic properties being related to the energy functions certainly respond with their change to
any processes occurring in the systems when internal and external parameters are changed —
chemical composition, temperature, pressure (uniaxial or hydrostatic), electric and magnetic
fields.

The universality of the thermodynamic approach plays a particularly important role in
the study of phase transitions and also the accompanying phenomena and effects in solids
since the thermodynamic properties are strongly associated with the order parameters. As a
result, this method allows one to obtain rich information about the transformations of the dif-
ferent physical origin: ferroelastic, ferroelectric, ferromagnetic and multiferroic. Moreover,
the data obtained using this approach are very useful, first, in constructing and correcting
models of structural distortions during displacive and/or order-disorder phase transitions, sec-
ond, for searching and designing ferroic materials promising for use as effective solid state
refrigerants.

In this paper, we present a number of results obtained at the Institute of Physics SB
RAS in the study of phase transitions in ferroic and multiferroic materials: crystals, ceramics,
composites. The approach used is based on methods that allow obtaining information on heat
capacity, entropy, thermal expansion, temperature-pressure and temperature-composition
phase diagrams and elasto-, electro- and magnetocaloric effects.

Acknowledgment. The reported study was funded by Russian Foundation for Basic Research, Government of
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The Application of the THz-IR Spectroscopy
for Investigations Dielectric Response Function
of a Condensed Matter

G.A. Komandin
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The dielectric response function is one of the most
important characteristics that reflect the dynamics of
charges in solids. In the THz-IR region, the dielectric response is formed by relaxations and
resonance mechanisms that are sensitive to the morphological and structural characteristics of
solids. This made THz-IR spectroscopy a convenient method for studying the electro- and
magnetodipole characteristics of solids and their parameters that has dependencies on changes
in thermodynamic characteristics, morphology, and stoichiometry and impurity concentration.
We have used the effectiveness of THz-IR spectroscopy methods for studying both applied
and fundamental aspects for a wide class of condensed media such as single crystals, ceram-
ics, glasses and thin films. On the example of ferroelectric ceramics, the peculiarities of the
applications of typical methods and approaches to the analysis of experimental data are dis-
cussed (fig 1). In this work, the results of investigation of difference absorption processes in
dielectric crystals, soft modes in ferroelectrics, the wide band dielectric response of relaxor
ceramics, and the feature of absorption in the thin dielectric films are considered. Data on the
study of temperature evolution of the dielectric response of organic crystalline compounds are
presented.
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Figure 1. Experimental data analysis including transmissivity, reflectivity and phase shift using the dispersion
model of classical oscillator and factorized LST relations [1].
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In this report, a series of experimental studies of the acoustic response of crystals is
considered. It was shown that the analysis of the acoustic response of a crystal must take into
account dispersion and fluctuation effects, processes of interaction between relaxation modes,
soft modes, and other low-frequency excitations with long-wavelength acoustic phonons. In
the talk analyzes the results of studies of the acoustic response of three classes of ferroelectric
and related compounds as a function of frequency and temperature. It is shown that, for the
case of the coupling of the quadratic order parameter with deformation, the behavior of the
velocity and damping of acoustic phonons is strongly modified and is not described in the
framework of the Landau theory. The variances of the acoustic response, the manifestation of
fluctuational contributions to the dynamics of the crystal lattice and, as a consequence, the
appearance of new effects are revealed.

The use of a new generation of multipass Fabry-Perot interferometers in the experiment
made possible to consider in detail the low-frequency region of the vibrational spectrum of
the crystals under study and to detect the relaxation mode in ferroelectric compounds. Investi-
gations of this excitation, analysis of quasi-elastic light scattering made it possible to make
full use of the possibilities of broad-band Brillouin spectroscopy and to separate contributions
related to various mechanisms. It is shown that taking into account such excitations, their in-
teraction with acoustic phonons, as suggested by VL. Ginzburg, offers a way to describe the
macroscopic properties of ferroelectrics (f.e. dispersion of the dielectric response).
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The method for determining of the thermal diffusivity coefficient, based on periodic
heating of one surface of the sample, was first proposed by A.J. Angstrem in 1863. This
method was modified by S. Lang [1], who proposed to illuminate by sinusoidal modulated
heat flux the upper surface of the material under investigation, which is located on the py-
roelectric detector. Passing through the test sample, the temperature wave propagates in the
detector. The change in polarization caused by the temperature change in the pyroelectric
crystal leads to the appearance of a pyroelectric current in the external circuit (fig.1). When a
sinusoidal modulated heat flow is used, a phase shift occurs between the pyroelectric current
and the temperature wave, and to determine the thermal diffusivity, it is necessary to obtain
the frequency dependences of the pyroelectric current.

We proposed [2] to determine the thermal diffusivity w G

by the Thermal Square Wave Method at single-

frequency (TSWM), When the sample surface is heated upper
by a rectangular modulated heat flux. The measure- electrod
ments are carried out at a single frequency modulation .
of heat flux, the time dependence of the pyroelectric Ipyrc‘:
current is recorded using an analog—digital converter. botton

Analysis of the shape and magnitude of the py- electrod
roelectric response of the ferroelectric lithium tantalate
crystal as a function of the values of the thermal con- .
ductivity and thermal diffusion coefficients of the mate- roclectric response when the - thermal

characteristics are measured by the dy-
rial, through which the temperature wave passes, namic method
showed that the use of rectangular modulation of the
heat flux makes it possible to vary two parameters when calculating, values of thermal con-
ductivity and thermal diffusivity coefficients [3].

With the use of mathematical modeling, the shape of the pyro-response is calculated,
while the coefficients of thermal conductivity and thermal diffusivity of the sample under
study are parameters, which in the calculation is selected in such a way that the calculated
form of the pyroelectric response coincides with the experimental one.

nonferroelectric

Fig. 1. Scheme for registration of the py-

Acknowledgment. This work was supported by State Assignment Ne3.8032.2017/BCh of the Ministry of Sci-
ence and Education of Russia

References

1. S.B.Lang. Technique for the measurement of thermal diffusivity based on the Laser Intensity Modulation
Method (LIMM). Ferroelectrics. 93, 87 (1989)

2. A. A. Movchikova, O. V. Malyshkina, and O. N. Kalugina. New Method for Determining the Thermal Diffu-
sion Coefficient of Thin Films Using Ferroelectric Crystals. Journal of Surface Investigation. X-ray, Syn-
chrotron and Neutron Techniques. Ne 1, 37 (2012)

3. 0. V. Malyshkina, O. N. Kalugina, M. Yu. Gavalyan, and 1. A. Kaplunov. Application of the TSW Method
for Analyzing Thermal Characteristics of Germanium. Physics of the Solid State. 57, 2102 (2015)

OAJ Materials and Devices, Vol 4 (1), 1506 (2019) — DOI: 10.23647/ca.md20191506



Neutron and X-ray Scatterings for Diagnostics of
Ferroelectric and Multifunctional Nanostructures
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This lecture is devoted to application of neutron and X-rays (including synchrotron ra-
diation) scatterings for studies of multifunctional nanostructures prepared on base of various
nanoporous media: porous glasses, artificial opals, MCM and SBA structures, chrysotile as-
bestos. In introduction the short description of morphology and properties of porous matrices
is done. The questions and problems related to analysis of diffraction patterns (including de-
termination particles sizes and their forms, appearance of strains, additional information from
background analysis, texture and so on) are discussed in the first part. The presented material
is illustrated by some examples for ferroelectric and magnetic nanocomposite substances. The
second part is devoted to application of small angle neutron (SANS) for attestation porous
media and nanocomposites. The advantage of SANS method consists precisely in the fact that
it provides an opportunity to obtain information about the spatial organization of the studied
samples, including sizes of the particles and their fractal characteristics. In the last part the
questions related to experimental studies of atomic dynamics of nanostructured metals by ine-
lastic neutron and synchrotron radiation scattering are considered. The contributions of inter-
face are analyzed for Pb and Sn nanoparticles.
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Construction and classification of phenomenol-
ogical models of phase transitions by the catas-
trophe theory methods

S.V. Pavlov
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The phenomenological theory of phase transitions 4 v

(PT) must be completely based on rigorous mathematical l’ b ¢ g

methods. Group-theoretical analysis makes it possible, on the basis of knowledge of the group
of the high-symmetry phase of the Gy crystal, to list all the low-symmetry phases into which a
phase transition is possible, and for each phase to determine the dimension of the order pa-
rameters (OP’s). Using the theory of invariants, invariant combinations of the OP components
(basic invariants), on which the thermodynamic potential depends, are calculated. To
determine the phase diagrams and to find the dependences of physical properties on external
influences - temperature, pressure, etc. near the points of the PT, it is necessary to proceed to
the model representations. Any physical model is a simplified version of the physical system,
preserving its main features. And the main features of the thermodynamic system experienc-
ing the PT are global minimality and structural stability. To ensure the thermodynamic stabil-
ity of the system, the potential should not allow infinitely large fluctuations of OP’s, leading
to an infinite gain in energy. This requires that the thermodynamic potential has a global
minimum at finite values of the OP. The concept of structural stability for the phenomenology
of PT is one of the most important. The fact is that only those results that have sufficient
repeatability in the experiment can be included in the category of physical phenomena. Hence, the
phenomenological model describing the properties of such a system must be structurally stable.
The explicit form of the thermodynamic potential according to the Landau theory is given as a
finite segment of the expansion in a power series in invariant combinations of OP. Global
minimality is ensured by the fact that the members of higher degrees in the decomposition
have even degrees and positive coefficients. The condition of structural stability is always sat-
isfied for only one one-component OP. In the case of multicomponent OP, structural stability
is not always possible. The use of catastrophe theory methods makes it possible to build a
structurally stable phenomenological model. In this case, the initial data are only knowledge
of the basic invariants, and the number of control parameters that depend on external
thermodynamic quantities (temperature, pressure, chemical potentials of impurities, etc.). And
most importantly, such a formulation of the problem allows the classification of phenomenol-
ogical models according to the number of control parameters for a given set of basic invari-
ants. The beginning of this classification was laid in [1-5].
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The Effect of Compositional Ordering on Relaxor
and Magnetic Properties of Ternary Perovskites
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Ferroelectric ternary perovskite oxides of the PbB’;,B",0¢ (m=1/3 or 1/2) type, are

widely used as components of various functional materials exhibiting giant dielectric, electro-
strictive, pyroelectric, and piezoelectric responses. Properties of these oxides, especially of the
1:1 type perovskites (m=1/2) depend crucially on the long-range ordering degree S of B’ and
B cations. While in the highly-ordered state a sharp ferroelectric or antiferroelectric phase
transition takes place, in the disordered state a relaxor state is observed, characterized by a
diffuse and frequency-dependent maximum of the dielectric permittivity.
Previously, to change the S values a long-time annealing was used. Later Li- doping and
variation of the conditions of either the crystal growth or high pressure synthesis were suc-
cessfully used to change the ordering degree of B-site cations in PbB**,,B>",0;5 perovskites
with B3+=Fe, Sc, Yb; B>*=Nb,Ta,Sb. Recently it was found out that high-energy mechanical
activation during mechanochemical synthesis stimulates disordering of B*" and B cations in
ceramics of some 1:1 type perovskites. In some cases it is possible to vary substantially the S
values and correspondingly both the temperature and diffusion of dielectric permittivity
maxima in these ceramics by changing the regimes of the mechanochemical synthesis and/or
using different starting materials (either oxides or preliminary synthesized B>"B>"0, precur-
sors). The parameters of the dielectric spectra of the samples exhibiting relaxor-like behaviour
also depend on the conditions of the mechanochemical synthesis.

Interestingly, the use of mechanochemical synthesis enables one to modify substan-
tially relaxor properties of ceramics of the disordered perovskites PbFe’*;,,Ta’",0; and
PbMg,3Nb,30;. This effect is believed to be caused by the changes of the degree of the short-
range ordering. Such explanation is supported by changes in the magnetic phase transition
temperature of PbFe3+1/zBS+1/2O3 perovskites-multiferroics (B5+ - Nb, Ta) obtained by mech-
anochemical synthesis. Such ordering is believed to change the number of the magnetic
neighbors around each Fe*" ion.
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The objectives of the present work were:
- establishment of fundamental patterns in the formation of
the electrophysical properties of porous piezoceramics and com-
posite ferroelectrics, as well as their changes as a result of exter-
nal influences;
- systematic study of wave processes in spatially inhomogeneous ferroelectric and dissi-
pative media and development of new methods for ultrasonic fields formation for advanced
ultrasonic applications.

Objects of the study were:
- porous ferroelectric ceramics based on PZT, lead titanate, sodium-lithium niobate,
lead-potassium niobate, lead metanyobate and magnesium niobate etc.;
- ceramic matrix composites «ceramics/ceramicsy, «ceramics/crystalsy;
- samples of biological tissues, viscoelastic and liquid media.

The choice of the selected objects was determined both by the possibility of practical
use, and by the specific physical properties of objects.

As a result of systematic complex studies, the following results were obtained and the
following conclusions were drawn [1, 2]:
- the character of the dependences of the elastic, dielectric and piezoelectric properties
of porous ferroelectric ceramics on porosity is determined by the microstructural features of
the piezoceramic skeleton, defined by fabrication methods;
- in the formation of the extreme electrophysical properties of ceramic matrix compos-
ites «ceramic/ceramic» and «ceramic/crystal», along with the influence of the properties and
structure of the piezoceramic matrix and filler, the microporosity of the piezoceramic matrix
arising during sintering plays a decisive role;
- the elastic dispersion and attenuation in porous ferroelectric piezoceramics and ce-
ramic matrix composites are caused by the scattering of elastic waves on the pores and filler
particles and are defined by generalized dispersion relations;
- the main mechanisms determining the processes of SAW propagation in ferroelectric
ceramics in the presence of an external electric field are the interaction of SAW with moving
carriers of the space charge and domain-orientation processes;
- new methods for the formation of high intensity ultrasound fields, dynamical focusing
and harmonic excitation, supersonic generation and resonant amplification of shear elastic
waves in dissipative media, as well as focusing ultrasonic transducers designs for advanced
medical ultrasonic applications have been developed [3].
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The detailed research of phase diagrams is carried out
for Landau’s thermodynamic potentials with L = 3m and 43m symmetry group [1-7].

In the case L = 3m, all possible types of phase diagrams for the sixth-order expansion
of thermodynamic potential in terms of the order parameter components are received. Realiza-
tion conditions for each type of phase diagrams are established, conditions of the multicritical
point splitting are studied, and the equations for calculation of tricritical and triple points co-
ordinates are obtained. Surfaces of order parameter components as functions of thermody-
namic potential parameters are designed. Qualitative correspondence of phase diagrams theo-
retical calculations results and an experimental phase diagram is noted at the example of
spinel structural type.

In the case L = 43m, phase diagrams of the crystals undergoing phase transitions have
been constructed within the phenomenological theory of the second-order phase transitions.
The equations of state of all phases induced by symmetry have been received, and the general
conditions of their thermodynamic stability have been formulated. For the fourth-order expan-
sion of thermodynamic potential in terms of the order parameter components, exhaustive re-
sults have been obtained: equations of phases stability boundaries and all possible types of
phase diagrams have been found analytically. For the eighth-order expansion of the potential
the variety of phase diagrams has been analyzed using computer calculations. For the first
time the possibility of existence of phase diagrams described by this potential and containing
one or several triple points, three-phase and four-phase regions is shown. Examples of the
crystals undergoing phase transitions with considered symmetry of the order parameter have
been given.
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V. Yu. Topolov

Department of Physics, Southern Federal University,
344090 Rostov-on-Don, Russia
e-mail: vutopolov@sfedu.ru

Ferroelectric (FE) solid solutions with the perovskite-

type structure are of interest because of the important physical properties, various heterophase
states and domain structures [1] in compositions near the morphotropic phase boundary
(MPB). These solid solutions are also of interest as materials that are applied in solid-state
electronics, piezotechnic, hydroacoustic, and other branches. In the last decades, intensive
studies on the FE solid solutions are carried out, and their potential applications are discussed,
including some applications instead of the traditional FE solid solutions based on PbTiO; [2].
In the present report, we give a review of results on the problem of links between the non-
180° domain (twin) structures in heterophase regions and phase contents in the BaTiO;-based
FE solid solutions with compositions near the MPB [3-6].

Our description of the heterophase regions and phase contents is carried out within the
framework of models that take into account various orientations of domains (mechanical
twins) in FE phases and stress-relief conditions in heterophase regions. Diagrams are built to
show links between volume fractions of specific non-180° domain types and polydomain
phases that coexist in (1 —x)(Na;,Bi;2)TiO; —xBaTiOs;, Ba(Ti;..Me,)O; (Me =Ce, Zr, Sn, and
Hf), and (Ba;,Ca,)(Ti;Zr,)O3 near the MPB at room temperature. In some cases, a coexis-
tence of the FE phases is observed at molar concentrations of individual components less than
5%. Conditions for the complete stress relief are analysed at the specific volume fractions of
the non-180° domain types and by taking into account specific changes in the unit-cell pa-
rameters and the anisotropy of spontaneous strains in the unit cell, all this for compositions
near the MPB. Examples of an incomplete stress relief [5] are considered at a coexistence of
the FE phases in (Bai.,Ca,)(Tii.,Zr,)O;s. Evaluated volume fractions of the coexisting phases
are in agreement with experimental data [3—6].

Our studies show that the developed crystallographic method [1] can be effectively ap-
plied to analyse various domain and heterophase states in FE solid solutions at changes in mo-
lar concentrations of components in these solid solutions and at changes in the domain (twin)
structures and phase contents in samples. The domain structures and their changes as well as
stress-relief conditions in heterophase regions are to be taken into account at a prediction of
physical properties of the studied materials.
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Relaxation Model of Hysteresis Phenomena in
Ferroelectrics: Direct and Inverse Problem
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It is well known that hysteresis effects in condensed systems including ferroelectrics are
due to the existence of metastable. Within the framework of the relaxation model, the form of
the hysteresis curves of ferroelectrics is due by the following factors [1, 2].

1. Dependence of the order parameter of a single domain on the strength of the external field
(including metastable states).

2. The dependence of the probability of switching a single domain from a metastable state to
a stable state on the characteristics of the external alternating electric field.

However, in these papers it was assumed that the domain switching processes occur in-
dependently of each other. In order to take into account the mutual influence of domains on
their switching, it is necessary to take into account internal fields in ferroelectrics.

In this paper we generalize the simple relaxation model [1, 2] of switching processes in
ferroelectrics. A closed equation describing the evolution of polarization in ferroelectrics with
account of interactions between domains is derived. The analysis of the qualitative properties
of the solution of the resulting equation is performed.

The available experimental data on the shapes of the hysteresis curves of a number of
ferroelectrics are analyzed, including the dependence of the hysteresis curves shapes on the
parameters of the external control field.

It is shown that the regularities observed in the experiment can be explained in the
framework of the generalized model. Therefore, experimental data can be used both to refine
the microscopic models of ferroelectrics, and to find the parameters of these models.
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The lattice dynamics of relaxor ferroelectrics is studied very actively, but mainly with the
example of the widely known compounds PbMg;sNb,303 - PMN, PbMg;5Ta,;303 — PMT,
etc. The relaxor ferroelectrics PbCo3Nb,303 - PCN and PbNi;;3Nb,303 — PNN are consid-
ered to be a close analog of the model relaxor ferroelectric PMN [1-2]. They were first syn-
thesized in the form of a single crystal and ceramics in the middle of the 20th century and
were studied very pore. Results studies of the lattice dynamics are practically absent. This
motivated us to carry out studies of the behavior of the vibrational spectrum of PCN and PNN
using Raman scattering of light and compare the results with the data taken from the Raman
scattering studies of PMN and PMT.

The measurements were carried out on single crystals of PCN and PNN grown by the
method of spontaneous crystallization from a solution to a melt. The structure and composi-
tion were monitored by X-ray diffraction and X-ray fluorescence studies. A plates with a pol-
ished plane (100) were prepared for Raman measurements. The orientation of the crystals
were carried out by x-ray measurements. In light scattering experiments, a LabRam and
T6400 spectrophotometers with an optical polarization microscope were used. Temperature
measurements were carried out using the Linkam temperature stage with a stabilization accu-
racy of £ 0.1 degrees. In the experiments, polarized light scattering spectra were obtained in
the temperature range from 78 to 680 K. In the high-temperature region, the Raman spectra of
PCN and PNN are similar to those observed in PMN and PMT. The temperature dependences
of the frequency, the strength of the oscillator, and the intensities of the optical modes were
plotted. An anomalous behavior of low-lying optical phonons is observed in the vicinity of
the temperature of diffuse phase transition (Ty,). The frequency decreases in the vicinity of
Tm, and the intensity and strength of the oscillator exhibit anomalous behavior in this tem-
perature range. Analysis of the low-frequency region of the scattering spectrum made it pos-
sible to distinguish quasi-elastic scattering (QELS). The temperature behavior of the half-
width and the intensity of the QELS demonstrate anomalous behavior at variation of the tem-
perature. The results of the measurements are analyzed in the framework of modern concepts
of physics condensed state.
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In [1], we developed a method for calculating the magnitude and temperature depend-
ence of the root-mean-square fluctuations of the polarization (short-range, local polar order)
Py = <P2ﬂ>1/ 2 below the ferroelectric transition temperature 7, from temperature changes of
the spontaneous polar contribution to the refraction of light. This method is especially rele-
vant for the study of systems with the coexistence of long-range and short-range order below
T., where these contributions are comparable in magnitude. Such systems include incipient
ferroelectrics SrTiOs; and KTaO; doped with impurities (Sr;_,Ca,TiOs, SrTi(léol,xlng)g,
KTa;_Nb,Os, etc.) in which impurity concentrations higher than the critical value x. induce
ferroelectric ordering. In these objects, the value of (P*)"2, which includes the long-range and
short-range orders, is turned out to be significantly greater than the average value of the spon-
taneous polarization P = (P) revealing distinctly existence of developed spatial fluctuations of
the order parameter, the behavior of which qualitatively differs from the behavior of classical
thermodynamic fluctuations near 7.

This work presents the results of a study of the short-range and long-range polar order,
induced by impurities in single crystals Sr;Ca,TiO; with x=0.014 (SCT-1.4),
SrTi(*°00.03%00.97)3 (STO-18) and KTa, (Nb,O3 with x =0.018 (KTN). The temperature de-
pendences of the principal values of the refraction of light (specific optical retardation) in
SCT-1.4, STO-18 and KTN were measured. The magnitudes and temperature variations of the
polar contributions to the principal values of the refraction of light in them were derived. The
temperature dependences of the morphic birefringence in SCT-1.4 and dielectric hysteresis
loops in SCT-1.4 and KTN were measured to determine Ps. For the quantitative calculation of
the Py, value below T, from experimental data, we used the method developed by us in [1]. As
a result we determined the magnitude and temperature dependence of Py, polarization in SCT-
1.4, which appears only because of strong spatial fluctuations (“local” or “short-range” order-
ing) and leads to the contribution of short-range order to the polar phase below and above T,
and the magnitude and temperature dependence of the long-range order polarization Ps. The
magnitudes of Py, and P were also evaluated in STO-18 and KTN at low temperatures below
T.. The results allowed us to quantitatively establish the role of short and long order in the
formation of the impurity-induced polar phase in incipient ferroelectrics.
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The physical properties of nanoscale ferroelastic particles have been studied much less,
both in terms of theory and experiment, in contrast to ferroelectrics, as well as nanocompo-
sites based on them. In theory, this is usually related to a much more complex mathematical
model of the ferroelastics properties. As a result, there are no detailed studies of the influence
of various factors on phase transitions in ferroelastic nanoparticles. The purpose of this report
is research for the main factors determining the phase transition temperature of a ferroelastic
nanoparticle and creation an integral picture of the phase transition in it.

In this paper, we consider a functional element of a nanocomposite structure - the
ferroelastic plate of size é % i ¥ & [ =100nm

As it 1s well known, the second-order phase transition occurs by the mechanism of sta-
bility loss, therefore, an eigenvalue problem for partial differential equations is chosen as a
suitable mathematical apparatus allowing to study various factors in a unified manner and to
minimize the volume of computational procedures. The system of equations describing the
state of the ferroelastic plate has the following form [1]:

—kKAn—-An =03, (1
2 2
Ac”_ljv;_aiz_“;_?’ @
wp=-Zulv o )
(%JF%)‘F =0, opslp_r =0, acy%ry =0, plp =0, 4)

(

where 1 = ”1130 ) is spontaneous (elastic) shear deformation, which plays the role of the order
parameter m in the phase transition as in KH3(SeO3),; o3 is component of elastic stress ten-

sor 6y, p=—(0]]+02,+033)/3, Kk is correlation constant, & is extrapolation length, p is

shear modulus, v is Puasson's factor, 7 is unit vector of the outer normal to the plate surface
I, I'=I,UT, UI;, I; is plate surface perpendicular to axis j, j=x, y,z.
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We consider the problem (1) - (4) as the eigenvalue problem with respect to A . Solving
it, we obtain a set of eigenfunctions {n,} and eigenvalues {),}. The first eigenvalue 1, de-
termines the phase transition temperature of the ferroelastic plate:

Ty=Tc —2—2 , (5)
where T~ is Curie temperature of a bulk ferroelastic crystal, o is Landau’s coefficient for
the quadratic term of the expansion of the free energy of a bulk ferroelastic crystal.

In this paper we studied an influence of thickness plate and the extrapolation length to
the phase transition temperature.
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Crystals of elpasolite-like fluorites 4,BReF¢ (space group
of the high symmetry phase is Fm3m, Z=4) belong to a wide family of perovskites studied
intensively for decades. Such interest to fluorides is due to numerous phases and phase transi-
tions observed in this family [1] as well as their perspective applications: normally their
transparency window is much wider than that of more traditional oxides while their spectral
properties may be varied easily by partial or complete substitution of rare earth ions Re” .

Most of phase transitions in perovskite-like crystals are induced by displacements of a
central ion in ReXs octahedrons or by rotations of these octahedrons due to soft phonon modes
condensations. Such condensations have been found many times in chlorine-, bromine- and
oxygen-containing elpasolites (see, a. g., [2—4]), but only occasionally in fluorides [5]. Here
we present Raman scattering investigations of lattice dynamics in several fluorides with elpa-
solite structures.

Samples have been synthesised from melt as described in [5,6] and cut along crystallo-
graphic axes of the cubic phase. Raman spectra have been obtained with Jobin Yvon — Horiba
T-64000 spectrometer and Ar+ laser (514.5 nm, 50 mW), CCD detection with liquid nitrogen
cooling, 600 s accumulation time. To interpret results empirical simulations with LADY
software and first principle VASP were performed.

High temperature phase of all studied crystals is cubic, and no indications of lattice
disorder were found; observed temperature dependences of phonon dampings correspond
to normal anharmonic decay. Cooling down and shortening of interionic distances result
in lowering of the low frequency phonon dispersive branch in ['-X direction and instabil-
ity of the cubic phase. Eigenvectors of this branch in the cubic phase correspond to rota-
tions of ReXs octahedrons, while in the lower temperature monoclinic phase they mix with
cations displacements. In crystals with relatively lightweight rare earth ions (Sc, In) tem-
perature dependences of higher frequency phonons correspond to phase transitions of the
first order, closer to the second one, while in crystals with heavier ions (Ho, Dy) this in-
termodal interaction becomes stronger and their cubic phase transforms into the mono-
clinic one directly by the first order phase transition. In contrast to “classical” soft mode
restorations we observed in these crystals strong interactions of main and secondary order
parameters fluctuations that reduce the range of the intermediate tetragonal phase for
heavier rare earth ions.

Acknowledgment. This work was supported by Russian Foundation for Basic Research (Grant N 16-02-10102)

References

1. Aleksandrov K. S., Beznosikov B. A. Perovskite-Like Crystals. Novosibirsk: Nauka, 1997. 320 p.
2. Buhrer W., Gudel H. U. J. J. Phys. C. 20, 3809 (1987).

3. Prokert F., Aleksandrov K. Phys. Stat. Sol. b24, 503 (1984).

4. Baldinozzi G., Sciau Ph., Bulou A. J. Phys. Condens. Matter. 7, 8109 (1995).

5. Vtyurin A. N., Bulou A., Krylov A. S, et. al. Solid Stat. Phys. 43, 2066 (2001).

6. Flerov I. N., Gorev M. V., Melnikova S. V. et. al. Solid Stat. Phys. 34, 3493 (1992).

OAJ Materials and Devices, Vol 4 (1), 1506 (2019) — DOI: 10.23647/ca.md20191506
21



Features of the phase transition in a thin ferroelastic plate
V.N. Nechaev and A.V. Shuba

Military Educational and Scientific Centre of the Air Force N.E. Zhukovsky and Y.A.
Gagarin Air Force Academy, 394064, Voronezh, Russia
e-mail: shandvit@rambler.ru

In the present work, it is shown that in a thin ferroelastic film in a definite thickness range
a phase transition take place to a nonuniform «domain-like» state. This behavior of the ferroe-
lastic phase is associated with the competition of various contributions to the film free energy
and determined near the phase transition point by the expression

1 o K 2 Ao e 1
F:;I[—EanrE(Vn) —zen+5u£)2+uul§.)2}dV+E:[

where o =a, (T =T ) is the coefficient of free energy expansion, proportional deviation tem-

A,
SndS, 1
SN (D

perature 7 from Curie temperature 7¢ of infinite crystal; « is the correlation constant;  _ is the

external stress, conjugated order parameter ; A, u are the Lame coefficients; u;e) is the elastic

deformation tensor; o is the parameter, proportional to the magnitude of film planes interac-
tion with medium. Varying the functional (1) we get the linear equation with boundary condi-
tions

KAN+omn +Q Ou, +%—2n =0; (2)
0z Ox

ocsnilcd—n =0, 3)
dz |,

where u_ ,u. are the components of displacement vector, / is the film thickness. The equation
(2) 1s need to solve together with equations of elastic equilibrium [1]
2 2

0 L¢2 +6 uzx + ! i(aux +% —Za—nzo,

ox oz 1-2vox\ ox oz Oz

o’u, 0u, 1 O(0u, ou, on

St ——+ — + -2—=0,

ox 0z~ 1-2voz\ ox Oz ox
where v is the Poisson’s ratio. In the case of various fixed film planes, which considered (3),
we obtain a homogeneous system of linear equations for the integration constants of the func-

tions m, u_,u_. Equality zero of its determinant defines the phase transition temperature 7',

4

depending on the film parameters /,1,v,c, and on wave vector k_, characterizing nonuni-
form ferroelastic state. The real phase transition temperature corresponds to the maximum of
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the function Tj =f (kx) with a nonzero value &, and consistent with the ferroelectric films

case [2].
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The crystals of vanadium oxyfluorides (VOF) can form various distorted VOF-
octahedra due to the ability of vanadium to adopt different valence. VOF-elements can be
used to create crystalline structures with interesting physical properties for designing func-
tional elements in electronics and microelectronics, and can also be considered as materials
for creating solid-state cooling devices. Despite the variety of vanadium oxyfluorides, the
VOF anion is disordered. In particular, the structure (NH4);VO,F4 contains two independent
OF-anions one of which is orientationally disordered and other is completely ordered [1]. The
crystal (NH4)3VO,F4 undergoes four successive phase transitions with with the following
symmetry change: Fm3m«Immmerhombic «—P112/m—P1 at T'=448K, 1,=244K, T3=210K
and 7,=205K respectively.

In the present work, the studies of disor-

dering/ordering processes using deuteration of 1100 1 y 151 P ¢
the ammonium group [2] and complex ther- 900 | 210 |

mophysical and dielectric studies of crystals ::

(NH4);VOoF4 have been performed. It was = 700 < 3 _f !

found that deuteration has practically no effect = 0 — }
on the temperature of the phase transitions © %]

100 200 300 400
74
T=437K, T5=212K and T4=208K but led to 5, | K
the disappearance of the transformation Immm -

«— rhombic at T, (Fig. la). As a result of 100 [, . . .
D—H substitution, the total entropy change 100 200 300 400
(ASz=12.3 J/mol'K — 17.0 J/mol-K) but the T.K

contribution from low-temperature transfor-  Fig 1. Temperature dependence of the molar heat
mations has changed insignificantly (Fig. 15). capacity in a wide temperature range (). Tempera-
The substitution D—H led to large change in ture dependence of the total excess entropy change
e . (ND4);VO,F, (1) and (NH4);VO,F, (2) (b).
the susceptibility to external hydrostatic pres-
sure the of low-temperature transformations (d73/dp=-43 K/GPa — -27 K/GPa and dT./dp=-
79 K/GPa — -25 K/GPa). The phase P112/m becomes more stable under pressure in spite of
the fact that in (NH4);VO,F, it was wedged out at low pressure (p,,~0.3 GPa). The nature of
the phase transitions remains ferroelastic. Significant changes in the thermal expansion are
observed at the high-temperature transformation at 77 (38,=0.6%), that shows the first order
of phase transition is preserved.
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Lead-free Na;_«LixNbO3 (NLN) solid solutions are prospective piezoelectronic materials
because of a unique combination of parameters, not available in other piezoelectrics. Proper-
ties and phase transition temperatures of NLN ceramics depend considerably on the sample’s
thermodynamic prehistory due to several competing structural instabilities typical of NaNbO;
and its solid solutions [1].

Previously we found out that a long-time (several hours) annealing of NLN ceramics at
temperatures below the temperature Ty, of the dielectric permittivity € maximum increases Tp,
by 20-30 K [2]. However substantial changes of T, were observed only after annealing in a
very narrow temperature range [2,3].

We carried out dielectric, X-ray diffraction and heat capacity studies of the effect of an-
nealing on the properties of NaggsLiposNbOs (NLN-5) composition. A giant increase of Ty,
exceeding 60 K was achieved by annealing at different temperatures within a wide tempera-
ture range. However the soaking time necessary to obtain a substantial shift of Ty, increased
dramatically as the annealing temperature decreased. The giant shift of Ty, determined by di-
electric studies of ceramic samples was confirmed by X-ray diffraction and heat capacity
studies of NLN-5 powder. In the as-sintered NLN-5 ceramics dielectric studies give Ty, = 360
OC. This value corroborate the literature data [1] and agrees well with anomalies in the
temperature dependencies of the lattice parameters. In the annealed NLN-5 ceramics Ty,
increases up to ~ 420 °C while for the annealed NLN-5 powder, an orthorhombic phase is
observed in the temperature range 20-390 °C; a pure cubic phase is seen above 460 °C while
in the temperature range 400-450 °C orthorhombic and cubic phases coexist. According to
both dielectric and X-ray diffraction data, heating of the samples up to 500 °C restores the
initial value of phase transition temperature. The increased values of T,, remain stable at least
for several months providing the annealed samples are stored at room temperature.
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The Ising model is widely used for simulation of phase transitions in ferroelectrics [1,
2]. But it is a satisfactory approach only if the ferroelectric has two possible directions of po-
larization (e.g. KDP). In the general case, the number of possible orientation states depends
on the paraphase symmetry and can be more than two [3]. In the works [1, 2], the equilibrium
properties are simulated for a predetermined crystal lattice. However, the lattice type and the
crystallographic parameters could be changed under the influence of temperature, pressure
and external electric fields. The equilibrium lattice type should be determined by a condition
of free energy minimum. But the standard Metropolis algorithm does not allow calculating a
partition function [4].

In this work, we apply the Wang-Landau algorithm [5] for simulation of phase transi-
tions in ferroelectrics. The main advantage of this algorithm is that thermodynamic state func-
tions (free energy, entropy etc.) can be calculated by means of one simulation in a wide range
of temperatures. The Wang-Landau algorithm performs a random walk in the phase space to
obtain the density of states. For models with two different types of interactions, the joint den-
sity of states should be obtained by two-dimensional random walk, but it requires huge com-
putational time. The method for speed up the joint density of states calculations was devel-
oped in this work.

We use 6-state and 8-state Potts models with considering the competing influence of
exchange and dipolar interactions. For these models, the values of free energy for different
lattice types and crystallographic distances were calculated. The equilibrium lattice type is
determined for different values of temperature. The phase diagram was built in dependence on
the parameters of the competing interactions.
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Based on the phenomenological and statistical theories, s
the formation of phase states during rotational and Jahn-Teller ¥ :
phase transitions (PTs) in lanthanum manganites is investigated. Rotatlonal orderlngs are
characterized by two order parameters (OPs) - ¢ is transformed by the representation Ry, v -
by M;". Orbital ordering is characterized by OP y, which transforms by M,".

In manganites, the following sequence of high-temperature phases is observed: C — R
— O — O ', where C is the cubic phase, R is the rhombohedral phase with the symmetry
group R3 ¢ (ppp), O is the orthorhombic phase with the symmetry Pbnm (pgy), O’ is the
rhombic phase, in which orbital ordering appears along with the rotational ordering. The
phases O and O’ are isosymmetric. The orbital phase transition O — O’ is accompanied by a
change in the main structural motive, as well as by significant ferroelastic deformations of the
lattice. At the same time, in a number of compounds (LaMnQO3), the mentioned changes occur
by a “jump”, and in others (PrMnO3, NdMnQOs) in a continuous manner.

The orbital phase transition is considered as a transition due to orientational ordering
in three directions of tetragonally elongated octahedra due to the Jahn-Teller effect. It is
shown that in such crystals condensation of OP (00y3) will be accompanied by the appearance
of a ferroelastic instability and by a “softening” of the modulus (1/2)(c; - ci12). In this case,
the PT will be of first order, accompanied by significant deformations. The interaction of rota-
tional and orbital OPs is such that if there are two components of OP ¢, the parameters w3 and
3 interact bilinearly. Accordingly, the condensation of the critical parameter w3 will lead to
the appearance of the parameter y3;. Thus, the condensate characterizing the O phase in the
lanthanoid manganites will be ppy3ys.

The phase transition O — O ', due to the proper orbital ordering, turns out to be a tran-
sition in an external field, which is determined by the product p@w. The condensate of OPs in
the phase O’ is the same as in the phase O. Both phases have the same symmetry, i.e., are iso-
symmetric. In the phase O, the effect of the parameter ys is insignificant, while in the phase O’
the main structural motif is formed by orbital ordering. The presence of an external field leads
to the fact that under appropriate conditions, the phase transition from the phase O to the
phase O’ becomes continuous.
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An analysis is made of the effect of the conservation of
macrosymmetry in a polydomain crystal on the temperature dependence of the components of
the elasticity tensor in crystals with a second-order phase transition 4 / m F 2 / m on the ex-
ample of BiVOA4. It is proved that the averaged elasticity tensor for two orientation states in
the ferroelastic phase corresponds to the symmetry of the paraelastic phase. In order to pre-
serve the macrosymmetry must occur redistribution of the values (an increase of one by de-
creasing the other) between the components of the elasticity tensor C;; and Cy,, Ci3 and Cas,
Ci6 and Cy4, Caq and Css, when the spontaneous deformation changes. The arithmetical mean
of these components (Ciju) has a temperature dependence close to linear, with the exception
of the region near the phase transition, which is well approximated by the logarithmic de-
pendence (Fig.1.) The logarithmic dependence near Tc in the paraelectric phase was proposed
by Levanyuk et al. [1].

Based on the obtained results of the study, we suggested the following types of tempera-
ture dependences of the components of the elastic tensor in the ferroelastic and paraelastic
phases, which correspond well to the experimental data [2]:

Cr(t) =k, +kyt + ke, In(T, = 1), (1)
Ci(6) = ky + kst + kg In(t—T.). @

,{, 1
(.j,m’ N/r

g ] ] ] ] ] ]
250 300 350 400 4350 500 5350

Temperature, K
Fig.1. Temperature dependence of the elastic coefficients in BiVO,crystal; C)} (1), Cyy (2), C,,, (3), C|, (4.
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This report analyzes the role of stochastic effects in relaxors purposely to identify the
main factors determining its anomalous properties. Random phase transition temperature
distribution T, g on film thickness /, located in plane (x, y) , due to fluctuation in the solid solu-
tion composition, has simulated by a differential equation for the order parameter n with a
stochastic coefficient

d™n(z)
K - +[a+§(z)]n(z)=0, (1)
where « is the correlation constant; o =, (7, —T') is the first coefficient of free energy ex-

pansion, proportional temperature 7" deviation from Curie temperature 7¢ of infinite homoge-
neous crystal; @(z) is the random function, defining non-uniform film properties, chosen in the form

[1]
&) =6 (1",
where 7(z) is the integer random process with average 77 (z)=|z|/(21,), where [, is the ran-

dom function correlation radius. Equation (1) has solved together with non-random boundary
conditions

ot o, @)

Z |z=04
where o, is the parameter, describes the film interaction with medium. The stochastic bound-
ary value problem (1), (2) has solved by the method, proposed in [2]. The mathematical ex-
pectation and dispersion of the phase transition temperature 7. to the relaxor state have de-

termined as a random variables depending on a film parameters /,o., and a random function

parameters &, /, .
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The rare-earth intermetallic compounds RCo», (R = Gd,
Tb, Nd, Ho, Er, Sm) crystallize into a cubic structure with the
space symmetry group Fd3m. Most of these compounds have
magnetic properties and experience a sequence of structural l’ I
phase transitions (PT) from the cubic phase to the tetragonal and then to the orthorhomblc
one. The PT in the tetragonal phase is induced by an irreducible representation ts of the G-
point of the Brillouin zone with the space group /4,/amd. The transition to the orthorhombic
phase is induced by the same irreducible representation, which is two-dimensional, and the
matrices of this representation form the symmetry group of the order parameter (OP) L=C3,.
Low-temperature PT in intermetallic compounds occurs with the appearance of spontaneous
magnetization, and is induced by a three-dimensional irreducible representation 19 of the G-
point of the Brillouin zone. This means that the thermodynamic potential describing structural
and magnetic PT’s should be a function of two interacting two-dimensional OP’s with L =
C3,, describing structural PT and three-dimensional with L = T, responsible for the PT in a
magnetically ordered state, that is, L- group should be L = T; @ Cs, and the composite OP is
five-component. In [1] it was shown, that the low-temperature orthorhombic phase in RCo;,
compounds has the space symmetry group [mma and the PT’s sequence
Fd3m—14,/amd—Imma. A structural phase transition from a cubic to a tetragonal phase oc-
curs according to a two-dimensional OP, and only one component is different from zero in the
tetragonal phase. The magnetic phase transition also occurs with the appearance of a single
component OP. Using the method of effective potential, one can consider a model with two
one-component OP’s, while retaining all the characteristic features of the behavior of inter-
metallic compounds. Formally, one can assume that the parameter 1 is fully symmetric with
the group L= C), and the symmetry of the magnetic order parameter is determined by the
group L= Ci.

The phenomenological model with the group L=C; @ C;, constructed by methods of the
theory of catastrophes [2], has the form

O =an? +b 1’ +¢M? +e,M* +dmM? +d,nW*M? +an' —aMH .

Model describes three phases that are different in symmetry: 1. n =0, M = 0 — a high-
symmetry phase; 2. n # 0, M = 0 — elastic phase; 3. n # 0, M # 0 — elastic and magnetic
phase. The theoretical temperature dependences of the anomalous part of the heat capacity, as
well as the magnetization of the external magnetic field, showed a qualitative agreement with
experiment. Low-temperature PT in intermetallic compounds may be due to the interaction of
the structural and magnetic sublattices of the crystal. The hysteresis observed on the field de-
pendences of the magnetization in ErCo; [3] in the framework of the model can be interpreted
as an isostructural PT.
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A structural complex in the form of a pentagonal bipyramid is realized in the isostruc-
tural fluorine compounds (NHy4);HfF; and (NH4);ZrF;. The crystals have the structure of an
ordered perovskite (elpasolite) at ambient conditions with a cubic face-centred lattice (sp. gr.
Fm3m) in which the F ions form a pentagonal bipyramid around Zr(Hf), having 24 equivalent
orientations. [1, 2].

Recently, we have studied heat capacity, crystal optical properties and susceptibility to
hydrostatic pressure of (NH4);HfF; and revealed that crystal undergoes the succession of six
structural phase transitions of nonferroelectric nature [2]. At ambient and high pressure, ther-
mal properties of (NH4);HfF7 investigated using DSC and DTA under pressure revealed seven
anomalies associated with the successive phase transitions similar to those that we found re-
cently in (NH4)3;ZrF;. Birefringence and optical twinning studies were able to detect only four
phase transitions with the following change of the point groups: Fm3m<«To— cub. «<-T;—
mmm (1) <T,— mmm (2) < Ts— mmm (3) <-Ts— 2/c in (NHy);HfF;. Similar differences
between the thermal and optical data were also observed for (NH4);ZrF;. A change in the
chemical pressure associated with the Hf — Zr substitution was accompanied by the follow-
ing:

1) an insignificant change in the phase transitions temperatures

2) different symmetry succession of the distorted phases observed in optic studies;

3) a decrease in the total entropy change;

4) a lower resistance of distorted phases to external pressure.

The substitution of ammonium with potassium could lead to unusual results such as the
appearance of new phases, the wedging out of old ones and even the appearance of polar
phases. Thus, it was easy for us to set a problem with cation substitution in heptafluorozircon-
ate.

First of all, we obtained and studied the crystal (NH4),KZrF;. Two heat capacity anoma-
lies near 320K in heating and one in cooling were detected by the DSC method. The existence
of these two heat capacity anomalies was confirmed by adiabatic calorimetry and dilatometry,
where measurements were performed in a heating mode only. Optical and X-ray studies also
have shown the presence of distortion of the structure near 320 K, it is shown that the struc-
ture changes from cubic (Fm3m) to tetragonal (P4,/nmc) and remains down to 100K.

Thus, it was found that partial substitution of ammonium with potassium lead to a sig-
nificant reduction in a number of phase transitions. At the moment, studies are ongoing.
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Compounds crystallizing in the perovskite structure are among the most intensely stud-
ied materials in solid state chemistry and physics [1-3]. The physical characteristics of binary
perovskites Pb(B1,B2,.,)05 (B1 = S¢**, In’", Yb*", B2= Nb°") with x=1/2 are strongly de-
pendent on the chemical ordering i.e. the character of of the B-site cations distribution at the
equivalent sites of the perovskite lattice.

PbYb,»Nb;,0; (PYN) tends to crystallize in an ordered state [4]. The degree of order-
ing is usually estimated by a long-range ordering degree parameter s according to the data of
X-ray powder diffraction. Recently it was found out that it is possible to use high-energy
mechanoactivation for changing the degree of ordering, and, accordingly, the electrophysical
characteristics of PYN [5,6].

We carried out X-ray powder diffraction and dielectric permittivity € studies in the
temperature range 20-350 °C of three polycrystalline PYN samples, denoted hearafter as S1,
S2 and S3, which were obtained by mechanochemical synthesis at different conditions. X-ray
studies confirmed the formation of perovskite structure for all the three samples. Lattice con-
stants and long-range ordering degree s were determined by the Rietveld method.

X-ray diffraction data for the sample S1 have shown the formation of PYN with totally
disordered Yb*" and Nb°* cations (s=0). According to the measured €(T) curves, this sample
exhibited a relaxor-like dielectric behavior. Temperature dependence of lattice parameters
also showed the presence of a diffuse phase transition and correlated perfectly with dielectric
data. Samples S2 and S3 were characterized by the long -range ordering degree values s= 0.48
and 0.62. They exhibited non-diffused and frequency-independent £(T) maxima at tempera-
tures Ty, ~ 170 and 250 °C respectively. The Ty, values of all the three samples studied are in
good correlation with the Tp,-s” phase diagram plotted for PYN ceramics in which disordering
was achieved by Li-doping [2].
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In the report presented we discuss behaviour of ferroelectric capacitor with negative capaci-
tance connected in series with resistance under the action of external voltage.

A proof-of-concept demonstrations of negative capacitance effect in a nanoscale ferroelec-
tric-dielectric heterostructures were described in articles [1] and [2]. Such heterostructures
possess by the following dependence of voltage on it from its charge q [1, 2]:

Ulg@)=—a-q+-¢°,a>0, f>0. (1)

Due to formula (1) evolution of the system under investigation in dimensionless time t
obeys to the next ordinary differential equation for dimensionless charge x(t):

ﬂ—x+x3=u(2'), x(0)=x,. (2)
dr

We suppose that dimensionless external voltage u(t) is quite small therefore we shall find
solution of equation (2) in the framework of theory of perturbations namely

x(7) =x () +x(z) +... where

(0)
@ x?+x =0, xX0)=x,. 3)
dr
and
dx"
+(-143-x9%)-xV =u(r), x"(0)=0. (4)
T

Using equations (3) and (4) we consider response of the system on both determinate and
stochastic input voltage u(t).
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2-methylbenzimidazole (MBI) exhibits ferroelectricity at
room temperature [1]. Coercive field and spontaneous polariza-
tion are E, ~ 3 V/p and P, = 5 pC/em? respectively. MBI struc-
ture belongs to pseudo-tetragonal symmetry P4,/n (Pn). Spontaneous polarization caused by
the ordering of protons in hydrogen bonds chains N — H e« N, lies in a plane perpendicular to
the pseudo-tetragonal axis.

The work is devoted to the study and comparison of dielectric hysteresis loops in MBI
single crystals and MBI spherulite films. The loops were measured in the Sawyer-Tower cir-
cuit in fields up to 17 V/u (for films) in the frequency range 25-3000 Hz at temperatures of
290-380 K. Loops were simulated in Janta model [2]. It is shown that heating leads to a de-
crease in the activation field of the domain wall motion.

Polarization microscopy, XRD analysis and AFM showed that MBI films consist of
spherulite blocks (Fig. 1a). Each block is a split crystal and consists of needle-shaped crystal-
lites elongated along the pseudo-tetragonal axis, growing radially from the center of the block.
The films were grown on substrates with preliminary deposited interdigital systems (IDS) of
electrodes. Films could be covered by the top electrode, so polarization switching was ob-
served both for out-of-plane and in-plane electric field orientation. In the second case, the
loop (Fig. 1b) is quite similar to that observed in a single crystal, but due to the difference in
crystallite orientations, the remnant polarization is less than 5 uC/cm?, and the P, (Epq) de-
pendencies are shifted towards stronger fields.

b)

P, uClcm’

E, Vin
Fig. 1. a) Image of spherulite MBI film observed in the polarization microscope with crossed polarizers.
The dark bands correspond to the gap between the electrodes of a width of 20 p. b) Dielectric hysteresis loops in
MBI film, measured for in-plane electric field orientation. 7=291 K, =25 Hz.
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Barium titanate BaTiOs is one of the widely popular ferroelectric materials. To improve
quality the ferroelectric properties of barium titanate and their range it is possible to create multi-
layer thin-film structures using other perovskite-like materials. The mechanical stress occurring at
the interface of the adjacent layers leads to a significant change in all dielectric properties of the
obtained multilayer structures. In this paper, layered structures with alternating layers of barium
titanate and other non-ferroelectric material, which also had a crystal lattice with a perovskite
structure, were investigated. Two types of samples were studied: with alternating layers of barium
titanate/barium zirconate and barium titanate between two layers of strontium titanate. In both
cases, the mechanical stresses in the contact plane of the layers due to the difference in the crystal
lattice parameter of the components led to a significant increase of the phase transition tempera-
ture compared to the single-component barium titanate.

The studies of the electro-physical properties of these structures in external electric fields
with sinusoidal and rectangular waveforms have shown the presence of a sufficiently large value
of spontaneous polarization, coercive and internal bias fields. Analysis of switching currents for
the weak and strong fields showed that there are two regimes of switching - activation ("creep
motion") and non-activation ("slip region"). The value of the threshold field separating these ar-
eas corresponds to the coercive field and also decreases when approaching the Curie point.

In the study of switching currents in weak fields, it was found that the integral characteris-
tics of switching, and hence the speed of the domain boundaries do not correspond strictly expo-
nential dependence on the field strength. Consequently, the dependence of the switching current
(and the velocity of the domain boundaries) on the electric field strength has a dynamic coeffi-
cient p, the value of which is less than one and almost does not change when approaching the
phase transition point.

For the region of strong fields, the mobility of the domain walls at various temperatures is
calculated on the basis of the switching time. As the temperature increases, the switching time in-
creases, which means a decrease in the mobility of the domain walls associated in our opinion
with a critical deceleration of the polarization relaxation near the Curie point.
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Magneto-resistive heterogeneous materials, synthesized near a percolation threshold on the
based on perovskite - strontium lanthanum manganite Lag7Sro3sMnOs; (LSMO) and the second
phase (I), have interesting physical properties also have the practical prospects of application, for
example, as sensitive sensors of constant magnetic fields. The cause of extrinsic magnetoresistance
(MR) and magnetodielectric properties (MD) in such composite materials is spin-dependent inter-
granular tunneling [1, 2]. It should be noted that spin-dependent tunnel effects in such composites
occur with a wide temperature range 0-360 K, unlike its intrinsic magneto-resistive effect of man-
ganites, which is observed near temperature of ferromagnetic-paramagnetic phase transition.

Composite structures with connectivity 3-0 near percolation threshold, based on LSMO and
dielectric phase, have been synthesized in our work in which such compounds as SiO,, GeO,,
Al,0O3, BaO, WOs, LisP,04, NiO, CuO, ZnO, Sb,03, SrTiO;, SrFe 1,09 and other oxides have been
studied. The X-ray diffraction showed the existence of two main phases — manganite, and dielectric
phase as the second one. Ceramic composites such as LSMO/Me have also been made as a result of
self-propagation high-temperature synthesis with the use of silver nitrate, where Me is metal phase -
Ag with various ratio of components. The study of volt-ampere characteristics (VAC) of the syn-
thesized composite materials of a series of LSMO/GeO; in magnetic fields strength up to 15 kOe
has shown nonlinear characteristics of structures near percolation threshold that is
85%LSMO/15%Ge0;. This fact corresponds to the findings [4], where VAC parabolic dependence
is noticed in case of plenty of tunnel transitions. Values of electric current, caused by spin-
dependent tunneling of charge carriers, have the linear nature of dependence on strength of external
magnetic field. Long- term tests of magneto-resistive properties in aggressive environment (with
water salinity of 35 ppm) of glass composites with GeO which electrical resistance is 3-5 Q have
shown high stability of magneto-resistive properties, with insignificant shunting because of sea wa-

ter conductivity.
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The electrophysical properties of ferroelectric films mainly depend on the morphology of the
surface, its crystallinity, density, crystallographic orientation, and other structural properties, which,
in turn, depend on the technological parameters of film formation. Structural studies of samples of
ferroelectric films make it possible to select the optimal modes of their formation [1-2]. Thus, the
study of the surface of ferroelectric systems is an urgent task.

In this work, to describe the surface of ferroelectric polymer films, we used a two-
dimensional model, which is a system of freely-articulated chains, each of which is a sequence of
hinged-connected rigid segments arranged parallel to the surface [3]. The order parameter was de-
termined as the average cosine of the angle between the directions of the director and the instanta-
neous direction of the axis of the segment, taking into account the interaction of the selected surface
chain with the rest of the chains in the volume.

Since this influence is different, the mean field theory was used. The aim of the work was to
determine the order parameter depending on temperature, mean field strength, persistent length, and
interchain interaction constants. This problem was solved analytically in normal coordinates. For-
mulas for calculating the free energy for a two-dimensional polymer film on the surface are ob-
tained. The equilibrium value of the order parameter was determined from the condition of mini-
mum free energy.

The dependences of the order parameter for an infinitely extended system on the interchain
interaction constants, on the values of the persistent length and on the parameters of the mean field
are given. The values of parameters of interchain interactions at the phase transition point are also
calculated. The magnitude of the interaction is determined by the distance between the layers of the
polymer system. It is shown that with a decrease in the distance between the layers, the average
field value decreases, which leads to a decrease in the phase transition temperature.

The reported study was funded by Russian Science Foundation, according to the research project
No.15-19-10008-P.
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Great interest in layered perovskites with the structure of the phases of Aurivillius (FA) is
due to the prospect of their practical use as elements of nonvolatile ferroelectric memory (FeRAM)
devices, ionic conductors, catalytic compounds, electroluminescent thin films, and multiferroics.
Such a wide area of potential application of FA is associated with a unique set of physical charac-
teristics of these compounds.

The purpose of the work was to study the effect of different concentrations of nickel in lay-
ered perovskite BigTisFe, x<NixOys, (x=0; 0,1; 0,2; 0,3; 0,4) with the number of perovskite-like lay-
ers equal to 5, the dielectric properties in the temperature range from 25 °C to 600 °C.
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Fig. 1 Dependences of ¢'(T) for BisTizFe,.
«NiO1g, with different contents of x (Ni) at
1 kHz

Fig. 2 Dependences of tgd(T) for BisTizFe,.
«NiOgwith different contents of x (Ni) at a fre-
quency of 1 kHz

The analysis of the obtained dependences of the dielectric constant showed a shift of the
maximum to the region of high temperatures with increasing nickel concentration in the composi-
tion. The data obtained correlate well with the results of studies of the dielectric loss tangent tgo.

Testing the feasibility of the Curie-Weiss law showed that in a wide temperature range in
the vicinity of the maximum dielectric constant this law is not fulfilled. This fact indicates that the
phase transition is blurred. To describe it, a model of fluctuations in the composition of Smolensky-
Isupov was chosen. Within the framework of the model, an estimate was made of the degree of
blurring of the phase transition depending on the nickel concentration in the composition, with the
growth of which the blurring becomes larger. The volume of the critical nucleus of the polar region
is determined to be 10* cm’, which is close in order of magnitude to the value of the Kiinzig vol-
ume.
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The aim of this work was to study the dielectric properties of SryBis«Tis«TaxO,5 layered
perovskite (x =0, 0.2, 0.4) at various frequencies in a wide temperature range.

The investigated samples with the general formula Sry.«Bis«Tis«TaxO;s were obtained by
standard two-stage ceramic technology. For the synthesis, SrCOs; Bi,O3; TiO;; TayOs. Analysis
of the samples by X-ray diffraction showed that all samples are single-phase and belong to the or-
thorhombic symmetry group. The number of perovskite-like layers is m = 5. The temperature de-
pendences of the real € ', imaginary €' 'part of the dielectric constant and the tangent of the dielec-
tric loss angle tgd were obtained by the method of dielectric spectroscopy. Temperature depend-
encies of € 'and €' 'at various frequencies for the composition with x=0.2 are presented in Figures
1 and 2, respectively.
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Fig. 1 Dependences of £'(T) for BisTisFe,. Fig. 2 Temperature dependences &" for
«NixO1g, with x=0.2 at various frequencies BigTisFe, (Ni Oy with x=0.2 at various frequencies

It was found that, with an increase in the concentration of Ta ions, there is a blurring of
the phase transition and a shift of the transition to the region of low temperatures. The parameters
of the Curie-Weiss law and the effect on them of changes in the concentration of Ta ions are de-
termined. Found that below the temperature of the Burns clearly manifested low-frequency 1/f* -
noise. The dependence o(T) is determined in the temperature range of the ferroelectric and
paraelectric phases, which indicates that the system becomes less dynamically heterogeneous in
the paraelectric phase.
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Ferroelectrics with a diffuse phase transition are of particular interest to science and tech-
nology. Blurring, as a rule, occurs in ferroelectrics with a complex perovskite lattice, as well as in
solid solutions of ferroelectrics. One of the manifestations of blurring is the "broadening" of the
peak of the dielectric constant at the phase transition, which can reach hundreds of degrees. The

blurring of a phase transition in a certain

way can affect other physical properties ] w0 Bl

of a substance, for example, polarization. .0 a"/\ L0025
Therefore, the establishment of fea- 14 &~ oo

tures of polarization in such substances : L

. . 1.2 Y.

is an urgent task. The purpose of this Y F0.015

work was to determine the temperature 1wl Z oA oot

dependence of the local order parameter N |

in the 0.75PbTi0O; - 0.25PbCd;5Nb,303 081 “a . - 0.005

solid solution obtained by the ceramic 06 [ o000

technology. On the temperature depend-

740

TED

B

770

TO0

800

T
810

ence of the dielectric constant in the
transition region, a peak broadening is
observed (Fig. 1, b). The blurring of the
phase transition was interpreted in terms
of the composition fluctuation model. According to this model, in the solid solution there are lo-
cal polar regions, whose T¢ temperatures are statistically distributed over the sample volume. In
this connection, there is a "blurring" of the phase transition. The blur parameter, estimated for our
composition, has the value o = 25 K. The dependence ¢ ~'(T) shows the region where the linear
Curie-Weiss law does not hold. The Burns temperature Td = 776 K, at which the deviation from
the linear law begins, is the temperature at which the polar regions begin to form. The root-mean-
square polarization in the blur region is characterized by a local order parameter q. To analyze the
dependence of q(T), an approach was used that allows one to determine the dependence of polari-
zation on temperature, using data obtained during measurements of the dielectric constant, i.e. &'
(T) = (T-To )/Ccw + f(T), where f (T) = & yq (T), v is the thermodynamic coefficient. Since the y
coefficient cannot be determined from measurements of the dielectric constant, the function f (T)
was extrapolated to absolute zero temperatures, and the ratio of f (T) at some temperature to the
value at absolute zero was considered as a measure of the local order parameter. The dependence
q (T) is shown in Figure 1, a. It can be seen that the rms polarization is different from zero not at
the temperature of the maximum dielectric constant, but at the Burns temperature of ~ 776 K,
then it slowly increases with decreasing temperature.

Fig. 1 Temperature dependence of local order parameter q on (a)
in comparison with temperature dependences of & (b) and & (c).

This work was supported by the Russian Foundation for Basic Research, grant No. 16-02-00072.

OAJ Materials and Devices, Vol 4 (1), 1506 (2019) — DOI: 10.23647/ca.md20191506



42
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Currently, the great progress has been achieved in the field of processing single-crystal
thin-film structures. In this regard, the task of developing and manufacturing new equipment
and technical devices for various purposes based on these structures becomes realistically
achievable. In this context, the expediency of developing theoretical studies on low-
dimensional physical phenomena in these objects greatly increases. Among the mentioned
materials, ferroelectric thin films play a significant role. Their properties including the occur-
rence of phase transitions significantly change when the thickness of these materials ap-
proaches nanoscale level. The latter concerns not only the ordinary phase transformations, but
also the transitions to the so-called incommensurate phase in samples with nanoscale thick-
ness, wherein the modulation period of the order parameter, obviously, should be sensitive to
the size effects.

In the present work, the influence of size effects on phase transitions to an ncommen-
surate phase with periodically changing the spontaneous polarization vector in single-crystal
ferroelectric thin films has been investigated. It was shown that fixing of spontaneous polari-
zation vector on the surface of a ferroelectric layer leads to limiting the number of acceptable
equilibrium states in the polarization distribution in the sample with finite sizes and to the
emergence of the transitions between the states. Temperature-dependent film thickness inter-
vals with even or odd distribution of spontaneous polarization vector were determined. It was
demonstrated that the variation of ferroelectric film thickness and temperature provides prac-
tically important conditions for stabilizing symmetric or antisymmetric states with respect to
polarization distribution in thin ferroelectric films with incommensurate phase. Possible ap-
plications of the considered effects were analyzed.
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Intensive development of nanotechnologies is a significant stimulus to clarify patterns
of the size effect in systems with ultradisperse particles of different topology and dimension
in recent years. As an example of such systems, consider composite materials that are polar
dielectrics embedded in porous structures having a branched network of through pores.

Interaction of embedded material and matrix leads to the shift of phase transition tem-
perature Tc. However the data concerning displacement of T¢, obtained by different authors
for the same embedded materials, are quite different [1-3].

The present work is devoted to comparative study of restricted geometry impact on
transition temperature in the embedded particles of potassium dihydrogen phosphate (KH,PO4
- (KDP), cesium dihydrophosphate (CsH,PO,4 - CDP) and ammonium dihydrogen phosphate
(NH4H,PO4 - ADP) into porous matrix with different average pore diameters. The KDP, CDP
and ADP crystals have a similar chemical composition, but differ in the magnitude of pressure
coefficient (y = dT¢/dP), values of piezoelectric modulus and in the temperature coefficient of
linear expansion.

The composite materials under study were synthesized by embedding of ferroelectrics
KDP and CDP and antiferroelectric ADP in porous glass matrixes with an average size of
through pores of 7, 46 and 320 nm from corresponding aqua solutions. An increase of T¢ was
observed for embedded particles in comparison with appropriate bulk materials. Some possi-
ble mechanisms of the influence of “restricted geometry” on the Curie temperature are dis-
cussed. Estimates of Tc shifting (ATc¢) as a result of the "negative pressure effect" caused by
elastic stresses in implanted particles are presented together with estimates of AT¢ caused by
the electric field owing to the piezoelectric effect in the KDP and ADP particles in the
paraelectric phase.

The possibility of using the Ising tunnel model [4] to explain the experimental results is
also discussed.
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Low-dimensional structures in which new physical phenomena with no analogues in the
3D world have been discovered and which are promising for practical applications attract a
great attention. In this respect, the study of periodic quasi-two-dimensional systems —
ferroelectric superlattices (SL) — is of considerable interest, too.

So far, the most thoroughly studied ferroelectric superlattices were superlattices which
had no double layers at the interface of contacting materials and which were macroscopically
electrically neutral. Investigations of SrTiOs;/LaAlO; heterostructures have revealed
interesting phenomena that arise in structures with electrical double layers as a result of a
variation in the electrostatic potential near the interface. These effects include the appearance
of electrically conductive layers, their magnetism and even superconductivity [1].

In this work, the physical properties of [001]-oriented short-period (BaTiO3);(KNbOs3);,
(StTi03)1(KNbOs3);, and (PbTiO3);(KNbO3), superlattices, in which the presence of charged
layers of KO~ and NbO," induces the perturbation of electrostatic potential, were studied
using the first-principles calculations. The calculations were performed within the density-
functional theory using the ABINIT software package.

First, the calculations have proven that no metallization of the contacting layers in the
superlattices occur: the conduction band is separated from the valence band by an energy gap
of several eV. Since the sequence of layers has no mirror symmetry, the superlattices are
always polar. The search for the ground state of their structure was carried out in the
traditional way [2,3]. It turned out that in all SLs, the high-symmetry P4mm phase exhibits the
ferroelectric instability with respect to the in-plane polar distortions, and moreover there is
additional antiferrodistortive instability in the SrTiO3;/KNbO;3; SL. The ground states of Cm,
Pc, and Cm symmetry were obtained for the BaTiO3/KNbO;, SrTiOs/KNbO;, and
PbTi03/KNbO;s SLs, respectively. For these structures, the polarization and piezoelectric
tensor components were calculated. In BaTiO3/KNbOs; and SrTiOs/KNbO; SLs, the
polarization vectors are strongly inclined to the plane of superlattice and their magnitudes are
0.339 and 0.289 C/m’, respectively. In the PbTiO3/KNbO; SL, the polarization is slightly
deviated from the normal direction and its magnitude is 0.581 C/m?. The most interesting
result is that the highest piezoelectric coefficients in all three SLs are related to the in-plane
strain. The values of e;; and ey coefficients for BaTiOs/KNbO;, SrTiO3/KNbO;, and
PbTiO3/KNbO; SLs are 7.8, 10.1, and 11.5 C/mz, respectively. Thus, a decrease in the
symmetry of the superlattice resulting from the in-plane ferroelectric instability in SLs leads
to interesting piezoelectric properties of these SLs.
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The physical effects in nanosized ferroelectrics have been studied to some extent at pre-
sent. At the same time, the problems associated with the appearance of an incommensurate
phase, its temperature evolution, and the transition to a commensurate polar phase under so
called restricted geometry conditions have not been practically investigated.

Therefore the purpose of present work is study of structure, calorimetric and dielectric
properties of Rb,ZnCls-S10, nanocomposites.

The matrix nanocomposites of Rb,ZnCly - SiO, system were prepared by embedding of
Rb,ZnCly salt into porous glasses with average diameter of through pores near 320, 160, 46
and 23 nm from saturated aqueous solution (Abbreviations of the samples are RS-23, RS-46,
RS-160 and RS-320). X-ray analysis (Cu-Ka radiation) showed that the crystallized in porous
material and bulk Rb,ZnCly possess identical crystalline structure. Results of dielectric and
calorimetric measurements are presented in Fig. 1 and Fig. 2.

Rb,ZnCl, + Si0: (46 nm)
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Two anomalies of dielectric permittivity (€) at temperatures of about 160 and 250 K for
RS-23, RS-160 and RS-320 samples were found (Fig. 1). The maximum of & corresponding
transition to incommensurate phase at T; = 300 K is not seen in Fig. 1. However the diffused
maximum of heat capacity C, near T; is observed (Fig. 2). The distinct peak of C, near 232 K
is accompanied by the step-like anomaly of ¢ (= 244 K). These anomalies are associated with
the ferroelectric phase transition that in the single crystal of Rb,ZnCly is realized at Tc = 192
K. A significant increase in the temperature of the ferroelectric phase transition in under re-
stricted geometry conditions probably is due to mechanical stresses in Rb,ZnCly particles
caused by the difference in the temperature coefficients of the linear expansion of the matrix
and the embedded material.

The diffused maximum of € near T* = 160 K is not accompanied by any peculiarities in
the C,(T) dependence. The origination of this maximum of € is discussed.
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Solid solutions of the relaxor ferroelectrics
Png1/3Nb2/3O3 (PMN), PbZn1/3Nb2/303 (PZN), PbNi1/3Nb2/303 (PNN) and classical ferro-
electric PbTiO3 (PT) are of a great interest due to the high values of piezoelectric and dielec-
tric parameters [1-3]. Electric field dependences of the longitudinal strain and dielectric con-
stant are the main functional characteristics for applications of materials in actuators and tun-
able devices. One feature of the dielectric constant dependence on electric field of ferroelec-
tric materials is the presence of minima which appear with increasing of electric field value
(in bipolar regime). These anomalies were observed on the dependences of different ferroelec-
tric systems [4,5]. The aim of this work was a detailed study of the anomalies of electrome-
chanical and dielectric responses of relaxor-based ceramics in electric fields.

Object of the study were the ceramics of system mPMN - nPNN - yPZN - xPT (m =
0.1298-0.4844, n = 0.1266-0.4326, y = 0.0842-0.130, x = 0.25-0.40), modified by 5 mol. % of
barium which were prepared by solid state synthesis and were sintered by conventional ce-
ramics technology. Dependences of the dielectric permittivity and the longitudinal strain on
electric field were measured with a help of the testing bench which includes LCR-meter
Agilent 4263B and a galvanomagnetic dilatometer with a digital indication of readings.
Measurements were made in quasi-static mode range of -15 — +15 kV/cm in bipolar mode and
0 —+15 kV/cm in unipolar one.

The evolution of electric field dependences of the dielectric permittivity and the longi-
tudinal strain with increasing of PT content from relaxor-like to typical for classical ferroelec-
trics was shown. The existence of plateau-like anomalies on the dependences of heterophase
ceramics (x = 0.30 — 0.35) at E ~ 5 kVem has been established. The origin of these anomalies
is a termination of non 180°- domain switching due to high mechanical strains caused by elec-
tric field induced phase transition from the heterophase (Psc + T) to single-phase (7) state [6].
It was shown that electric field in unipolar regime does not lead to the formation of anomalies
of dielectric and electromechanical properties. The latter feature should be taken into account
when using materials based on relaxor ferroelectrics in actuator technique.
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In the physics of ferroelectric phenomena, both from the ' o

standpoint of fundamental science and from an applied point of view, the study of the laws of
switching the domain structure under the influence of various external influences plays an im-
portant role. There are many approaches to the description of the nonlinear dependence of po-
larization on the voltage value and to the construction of the model of repolarization of ferro-
electric materials [1, 2], but none of them is based on the use of Fourier series. Although, as is
known [3], it is a harmonic analysis of the process of repolarization of ferroelectric materials
is the most informative and complete for the study of nonlinear properties of ferroelectric ma-
terials. In [4], the possibilities of this method were significantly expanded by separation of the
contributions to the harmonic components amplitudes of the Sawyer-tower scheme output
signal from the processes of repolarization of the studied samples and processes associated
with dielectric losses that arise when domain boundaries are switching.

This allowed to trace a number of patterns of domain dynamics in the studied samples,
which are not registered by other methods. According to this method the current of complex
periodic shape occurs in the studied samples, which density J (t)is described by a Fourier

series, due to the application of an alternating electric field to samples with the amplitude suf-
ficient for the complete monodomenization of the sample.
The dependence J, (t) includes two components J (t)and J,(t). The first component is

due to the capacitive current density, and the second component is due to the conductivity
current density. For all measured samples, the contributions of the harmonic components of
the Sawyer-tower scheme output signal J () and J,(t), respectively, in J (t) from the proc-

esses of repolarization of the studied samples and in J,(t) from the processes associated with

dielectric losses arising when switching domain boundaries are experimentally separated. For
all studied samples dependences J_ (t) and J,,(t) coincide in the range of normalized time

upt from pn to p/2+pn, where n=0,1,2,...,at other times J  (t)=-J () .
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Ternary 0.5Y.1Z1990, — 0.5(0.6SrTiO3 — 0.4BiScO3) system should be considered as
consisting of two individual subsystems. First of them is zirconium dioxide, ZrO,, stabilized
by Y, so that nominal composition of this subsystem is corresponding to Yy ;Zr90. Second
subsystem is two-component SrTiO; — BiScOj; system with a ration of end members corre-
sponding to the 0.6SrTiO; — 0.4BiScO3 composition. Ternary 0.5Y 1219902 — 0.5(0.6SrTi0;
— 0.4BiScO;3) system is attractive to be studied in details due to both interesting properties of
the individual subsystems and a change in these properties via combination of the subsystems
in a single system [1, 2].

During the preparation of materials based on ternary 0.5Y¢ 121990, — 0.5(0.6SrTiO3 —
0.4BiScOs3) system, an interaction between separate subsystems can take place resulting in
deviation of real chemical composition of the subsystems from nominal one and, hence, in
changes of their both microstructure and properties. The dielectric properties of solids are
sensitive to change of their microstructure and composition. So, the aim of present work is to
find and analyse the peculiarities in the dielectric properties of ternary 0.5Y¢Zry90; —
0.5(0.6SrTi0O3; — 0.4BiScO3) ceramic system, in which interaction between the individual
Y.1Z1090; and SrTiO3 — BiScOs is expected. To underline the peculiarities characteristic of
ternary 0.5Y 121990, — 0.5(0.6SrTiO; — 0.4Bi1ScOs) system, the dielectric properties of this
system will be compared to that of two-component 0.6SrTiOs — 0.4BiScO; system.

Ceramics samples of the ternary 0.5Y(1Zrp90, — 0.5(0.6SrTiO3 — 0.4BiScO;) system
were for the first time synthesized using solid-state processing techniques. XRD analysis
shows that the tetragonal P42/nmc phase characteristic of the 5Y1Zry 90, subsystem and the

cubic FmIm and tetragonal P4mm phases characteristic of the 0.6SrTiO3; — 0.4BiScO; sub-
system are coexisting at room temperature. Two various individual subsystems can be also
seen by the SEM experiments.

Anomalous changes of the dielectric properties were observed within three temperature
fields. The dielectric anomalies corresponding to the lowest temperature field (below room
temperature) are associated with the diffuse ferroelectric phase transition. These anomalies
are resulted from appearance and temperature evolution of a polar phase distributed inside a
nonpolar matrix. Mean temperature dielectric anomalies are corresponding to a dielectric re-
laxation process with the activation energy of 1.25 eV. The temperature position of these
anomalies strongly depends on a measuring frequency and falls in the temperature 600+900 K
range. High temperature dielectric anomalies induced an ionic conductivity are observed
above ~900 K. The activation energy of the ionic conductivity was estimated as ~ 2 eV.
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Biocomposites of natural origin are able to change their me-
chanical properties under the influence of external physical factors
(ultrasound, pulsed magnetic field (PMF), inhomogeneous temperature
field, radiation) [1]. This is due to the influence of factors on the mo-
bility (fluctuations) of the structure of the composites. The result of the response of multicom-
ponent systems to the effect of physical factors is often the formation of chemical bonds be-
tween free radicals of macromolecules. If we denote by the parameter 1 the rate of increase in
the fraction of pulses of PMF stimulating the formation of chemical bonds:

dn
n= D,
then for the number of chemical bonds undergoing a change, we obtain a differential equation
of the first order

dn
= _ 2
ikl ()

n=1,—kn, 3)
with the initial conditions n = ng for t = 0, where ny is characterized by the initial number of
formed bonds at a fixed value of the pulse amplitude. Existing ideas about the mechanisms of
the change in the structure of composite indicate a decrease in the speed n with an increase in
the number of bonds formed (this confirms the threshold nature of the dependence of the hard-
ness of the biocomposite on the number of pulses of the PMF) [2]. Therefore, this parameter
will decrease with increasing number of generated pulses in the linear approximation as

n=rn,—kn, (3)s
where 10 and x are model parameters. Equation (2), taking (3) into account, has an analytic
solution

An = o &XPUL 4)
A+ Kxexp(n,t)’
where A4 is determined by the relation 4 = " Relation (3) is the basis for calculation of
1y — kn,

parameters 7o 1 k by the method of optimizing the mean square deviation of the experimental
data from the model dependence[3]. The parameters are characteristics of the response of the
complex structure of the composite to the external action. This approach makes it possible to
predict the behavior of complex composite materials subjected to processing by various physi-
cal factors.
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The study of the responses of natural composites to the effects of various physical factors
will optimize the methods and modes of their processing to obtain materials with a wide range
A(k)/Amax (%) of physicomechanical characteristics. The prop-
erties of heterostructures of natural origin are
largely determined by their microstructure,

16,00 ® IR spectrogram before humidification

---- Band 2328
1400 | ---- Band 2342 which is distinguished by complexity and irregu-
Mogenmposatme larity. The method of infrared Fourier transform

o IR spectrogram after humidification

12,00 spectroscopy is optimal for monitoring changes
in the microstructure of complex biocomposites,
1000 FA=Fa=r =TT T T TR T ] because it promptly studies the majority of vibra-
tional and rotational spectra of molecules [1].
The problem of the wide use of this method in
the ambiguity of the interpretation of spectro-
grams. Spectra of different oscillations overlap,
soo Lacwait voaino Loiaodi il which makes it difficult to unambiguously iden-
tify changes in the microstructure. The report
proposes to use the method of modeling bands
o for their unambiguous identification in the case
° of imposition. The figure shows the IR spectro-
grams before the wetting of the microtome sec-
tions of natural wood (pine) and after, in the region of the typical overlap of two absorption
bands (in the figure they are indicated by black and bright dots). The figure shows the IR
spectrograms before and after moistening the microtome sections of natural wood (pine), in
the region of the typical overlap of two absorption bands (in the figure they are marked with
black and white circles). The modeling was carried out by minimizing the root-mean-square
deviation of the analytical dependence on experimental data, the profile of each band was
modeled by the Gauss function [2]. The results of modeling showed that before and after wet-
ting this part of the spectrogram is the result of the superposition of two bands (2328 cm™ and
2342 cm™). The decrease in the intensity on this part of the spectrogram after wetting is ac-
companied by the equalization of the intensity of these bands. Thus, the modeling allows to
analyze more subtle changes in the IR spectrograms after exposure to physical factors, which
will allow to specify the mechanisms of moisture transfer in the micropores of wood and lead
to the ability to obtain materials with certain hydrophobic and dielectric properties.
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Organic ferroelectrics attract a lot of attention as less hazardous materials than the wide-
spread perovskite barium titanate and lead zirconate titanate. These two ferroelectrics show
excellent characteristics, but are limited in their applications due to the presence of heavy
metals. Organic ferroelectrics are generally easy and environmentally friendly in processing,
have light weight and can be mechanically flexible [1]. They manifest all fundamental proper-
ties inherent to non-organic crystalline ferroelectrics; however, can possess special features
due to the van der Waals interaction.

In recent years, a number of organic compounds with a polar point group at room tem-
perature and a relatively high melting point (~450 K) have been discovered. Such ferroelec-
trics include: diisopropylammonium chloride (C¢H;¢CIN), abbreviated DIPAC P; ~8.2
uCXcm'z, T, = 440 K [2]; diisopropylammonium bromide (CsH;cBrN), abbreviated DIPAB P;
~23 uCxem™, T, = 426 K [3]; diisopropylammonium iodide (C¢H 4IN), abbreviated DIPAI P;
~33 uCXcm'z, T, = 415 K [4]. In this paper, we present the results of an investigation of the
linear and nonlinear dielectric properties of nanocomposites based on opal matrices filled with
DIPAI.

At room temperature, DIPAI belongs to the orthorhombic nonpolar chiral spatial group
P2,2,2,. However, when heated, depending on the technology of production, two scenarios
are possible. In the first case, according to Ref. 4, upon heating to 369 K, a polar monoclinic
phase with P2, symmetry arises, stable to 415 K. Above 415 K, DIPAI passes into the nonpo-
lar monoclinic phase P2;/m. During the cooling process at 407 K, a single phase transition is
observed where DIPAI is converted directly from P2;/m into a polar monoclinic phase with
P2, symmetry. And it remains in this state up to room temperature. According to the second
scenario, when the sample was heated to a temperature of 376 K, a phase transition was ob-
served from the nonpolar orthorhombic phase P2,2,2; to the nonpolar monoclinic phase
P2,/m [5].

Thus, from the temperature dependence of the linear dielectric properties and the ampli-
tude of the third harmonic ys,, it can be concluded that for the CcH;sIN embedded in the opal
matrix, when heated in a temperature range of 362-377 K, a ferroelectric phase arises that is
not found in bulk samples. A small change in the temperature of phase transitions is probably
related to the relatively large size of DIPAI inclusions in opals, in which the size effect is
poorly manifested.
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Ferroelectrics and ferroelastics are functional materials with broad area of applications.
Their spontaneous polarization or spontaneous strain can be switched over by an electric field
or mechanical stress that makes them attractive for developing memory cell, various sensors
and actuators. At present, studies and fabrication of nanocomposites with ferroelectric and
ferroelastic properties are in the focus of solid state physics [1,2]. A method of producing
such nanocomposites consists in embedding fine ferroelectric or ferroelastic particles into po-
rous templates. Sizes and arrangements of confined nanoparticles are specified by geometry
of the pore network which allows us to create arrays of particles with particular dimensions
and interparticle distances. For many nanocomposites with ferroelectric nanoparticles the
temperature of the ferroelectric phase transition was found to shift compared to that in the
bulk counterparts (see [1,2] and references therein). In the present paper we report results of
studies of the change of the ferroelastic phase transition features for the LiCsSO, particles
confined to a porous alumina film. The measurements were carried out by linear and non-
linear methods of dielectric spectroscopy.

The LiCsSOy crystals have an orthorhombic symmetry mmm at room temperature. Near
202 K they have the pseudoproper ferroelastic phase transition into a monoclinic symmetry
2/m without changes in the number of atoms in the unit cell [3,4].

To get the nanocomposites, we used the porous Al,O; films produced by TopMem-
branes Technology. The mean pore diameter was equal to 100 nm and the pore period was
125 nm. The pore length was about 50 um.

The double lithium cesium sulphate was introduced into pores from a warmed LiCsSO4
aqueous solution. Then the film was slowly cooled down to room temperature that initiated
the crystallization of LiCsSO4 seeds and subsequent growth of nanocrystals during several
days. Then the procedure was repeated twice times more. As a result the LiCsSO4 nanorods
were formed within alumina pores. The film was dried under vacuum to remove the excess
water. The pore filling estimated by weighing the film was near 60%.

Temperature dependences of the linear permittivity €' and coefficient of the third har-
monic generation ys; were studied for the nanocomposite produced by embedding the LiCsSO4
ferroelastic into porous alumina with a pore size of 100 nm compared to the bulk counterpart.
The thermal hysteresis was found for the non-linear coefficient y; in the nanocomposite at the
ferroelastic phase transition. The phase transition temperature in the nanocomposite increased
by 15 K upon warming. The results observed were ascribed to mechanical stresses in confined
LiCsSO4 nanorodes.
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Usually, to obtain composites with water-soluble crystals,
the nanoporous matrix is lowered into a solution saturated at a
certain temperature and crystals are grown by evaporation in
nanochannels. In the pores above the crystals, air nano-regions remain that can be filled with
water molecules from the environment. This leads to a large influence of humidity on the
properties of such nanocomposites [1].

This paper presents the results of a study of the dielectric properties of a kind of
composite amorphous nanoporous silica with water. In this case, the nanoporous matrix was
obtained from a nano-dispersed SiO; silica hydrosol using the procedure described in [1]. The
filling SiO, with water occurred from the ambient air, the humidity of which was set by silica
gel, which was in the glass together with the sample.

For an annealed sample of pure SiO, heated to 120 °C, the values of the dielectric
constant (¢) are small and do not exceed 10. In Fig. 1 shows the characteristic temperature

dependence of & for four successive heating and cooling
14 g 10* cycles. The values of ¢ are rather large, even in comparison
with ferroelectrics.

With a gradual increase in the humidity of the
ambient air during heating, the values of € also increase over
the entire temperature range. At a frequency of 0.1 kHz, the
dielectric constant is of the order of 10°.

Despite the large dipole moment of individual water
molecules, under normal conditions, the dielectric constant of
water is 81.

The large € of the composite obtained in our studies is
silicon dioxide — water can be associated with the specific
behavior of water in SiO, nanopores. It is assumed that
orientational ordering of the dipole moments of individual
40 80 120 water molecules occurs in the nanopores of the core, which
Fig.1.Temperature dependence of  ]eads to an increase in the total dipole moment and, as a
$i0, composite with water mole- ¢ ygequence, an increase in the dielectric constant. It can be
cules at four continuous heating- . ..
cooling cycles. f =1Hz, E= 5V / assumf.:d that water becomes a klIl‘d of ‘superparae'lectrlc, 1‘1ke
cm the existence of superparamagnetic with decreasing particle

size [2]. The observed effect should be considered in the
context of the manifestation of the ferroelectric properties of water, the possibility of which is
discussed in [3].
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According to the theory of Landau-Devonshire [1,2] in the case of a uniaxial ferroelec-
tric we can expand the free energy Wc in powers of the only one component of the polariza-
tion Pc. Using the theory of Landau-Devonshire for quantitative evaluations of the measure-
ment results of the polarization properties of the model crystal unit A;BX4 - chlorinate rubid-
ium Rb,ZnCly is applicable in case if the free energy Wc are expanded in powers of the only
one component of the polarization limited to members up to the fourteenth degree [3]. Thus,
limiting the members to the fourteenth degree of polarization, we have:

1 1 1 1 1 1 1
WC=5aP§+ZbP;‘+chg+§dP§+E ePéOEfPéera gP"-EP., (1)
where a, b, ¢, d, e, f, g are the coefficients that have a certain physical meaning [4], E is
the electric intensity.

It is known that the equilibrium configuration (d(EPc)/dPc=E) is determined by finding
the minimum Wc¢(Pc). This equation in Landau-Devonshire theory gives an expression for the
electric field E as a function of P¢ polarization. If we use seven members in the decomposi-
tion we have:

E=aP_+bP.+cP.+dP/+eP.+{P.' +gP.’ . (2)

In the process of measuring the Pc in the dynamics, for example, using the Sawyer-
Tower scheme, it is necessary to consider the dynamic features of the Pc measurement, as
d(EP¢)/dP=E+PdE/dPc.

In [3] the repolarization process of group A,BX4 model crystal - rubidium chlorate
Rb,ZnCl4 under the action of harmonic electric field with amplitude higher than the coercive
field intensity was investigated by the harmonic analysis method. The time dependence of the
current density Jx(t) that arise in the sample under the harmonic field action which intensity
is higher than the coercive field intensity, has a complex periodic form.

In this paper the study of the current density harmonics Jx(t) of A,BX4 group crystals
series allowed to construct the dependence of the energy Wc and the electric intensity E of the
sample unit volume on the polarization Pc that were measured in the dynamics, to determine
the values of the coefficients a, b, ¢, d, e, fand g (expression 1).
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At present, studies of the properties of nanocomposites
based on porous matrices with ferroelectric filling are of considerable interest. The physical
properties of such structures are affected by effects associated with the size and geometry of
the pore grid. As one of the types of such matrices used for the production of nanostructures,
is alumina (A1203) which is a film with a honeycomb structure of pores, oriented perpendicu-
lar to the surface.

In the paper the results of studying linear and nonlinear dielectric properties of nano-
composites based on DTGS, embedded into pourous Al,O3 oxide films, are presented. In the
experiment Al,O; films were used with the following parameters: the first film had a cell size
of 450 nm and a pore diameter of 300 nm, the second film had a cell size of 125 nm and a
pore diameter of 100 nm, the pore depth of both films was ~ 50 um.

The temperature dependences of the dielectric properties and third harmonic coefficient
v3w of composite materials, obtained by embedding DTGS into porous Al203 alumina ma-
trixes with pore diameters of 300 and 100 nm, were studied. The temperature dependences of
the effective permittivity and third harmonic coefficient are shown in Fig.1.
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Fig.1. Temperature dependences of the effective permittivity at a frequency of 1 MHz and vy;,, for a sam-
ples of DTGS/A1,0; (300 nm) (1) and DTGS/AlL,O3 sample (100 nm) (2)

As it follows from the experiment, the phase transition is blurred and Curie temperature
shifts to low temperature region. A significant decrease in the temperature of the ferroelectric
DTGS transition in pores of aluminum oxide may indicate that for DTGS/AI1203 (100 nm),
their own dimensional effects are dominant. Mechanical stresses may not play an important
role because of the partial pore filling, and a weak effect of the dipole-dipole interaction is
due to the low value of the spontaneous polarization or the disordering of the dipole moments
in the pores.
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The present study is concerned with a piezo-active composite that contains the ferroelec-
tric PZT-type ceramic, corundum ceramic and air inclusions. The corundum ceramic is a piezo-
passive component with a large elastic stiffness in comparison to the stiffness of the ferroelec-
tric ceramic component (ZTS-19 in the composite samples manufactured at ‘Piezopribor’, In-
stitute of High Technologies and Piezotechnics, SFedU), and the volume fraction of corun-
dum is m. < 0.2. Our analysis of micrographs of sections of the composite shows that its mi-
crogeometry becomes more complicated on increasing m.. The composite is characterised as a
3—0-0 material in terms of connectivity [1] where “3” refers to ZTS-19, middle “0” refers to
corundum inclusions, and right “0” refers to isolated air pores. Coexistence of the corundum-
rich regions (inclusions) and air pores are observed (see the micrograph), and increasing po-
r051ty mp on 1ncreasmg mc is stated We first described the “mirror” behaviour of the volume
=\ Y - fractions m. and m, in the studied composite at 0.05
<m.<0.18 [2]. The presence of both the corundum
inclusions and air pores at their almost equal
volume fractions considerably influences the elastic
and piezoelectric properties, and this influence is
without parallel in composites studied before pub-
lishing work [2]. An influence of average sizes of
the particles on the performance of the composite is
considered.

The studied 3—0-type composite is characterised
as a piezoelectric material with relatively stable
resonance frequencies at planar (radial) and thickness oscillation modes of samples [2]. Ex-
perimental results on the elastic properties and frequency characteristics of the composite are
interpreted in terms of a model that takes into account an electromechanical interaction be-
tween the 3—0 ferroelectric ceramic / corundum and 3-0 ferroelectric ceramic / pore regions
[2]. In the model put forward, the 3—0 connectivity pattern plays the important role in forming
the effective electromechanical properties, their anisotropy, acoustic and related parameters of
the composite. The composite can be applied as an active element of piezoelectric transduc-
ers, sensors etc. where the thickness oscillation mode is dominating.

15kV X600 Pl me = 0.097, mp=0.117
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The present report is concerned with the piezoelectric performance and related parameters
of the 2-2-type parallel-connected composites. An interest in these materials stems from their
piezoelectric performance, hydrostatic parameters [1] and orientation effects [2] at rotations of
the main crystallographic axes in ferroelectric single-crystal (SC) components. The composite
studied by us consists of layers of two types (Type I and Type II layers, Figure) with interfaces
Type | layer 4mm symmetry mm2 symmetry | that are parallel to the (X20X3) plane. These

) % (oo, foal . 1 layers are regularly arranged along the co-
ordinate OX; axis. The Type I layer is a
ferroelectric single-domain SC, and its sponta-

|

(0101 [061) 019 neous polarisation is Ps". The Type II layer is a
I SC/ polymer rpedium with 0.—3 connectivity. The
T composite is  characterised by 2-0-2
g SC connectivity, and the effective properties are
ey e found by means of the effective field method (0—

3 connectivity) and matrix method (2-2
connectivity) [2]. Hereby we analyse the role of
the domain orientations in the Type I layer in forming the piezoelectric sensitivity (piezoelectric
coefficient ¢, and its hydrostatic analog g') and squared figures of merit (0,)* =d., ., and
(0, ) =d, g, of a 2-0-2 PMN-0.37PT SC / Li,B4O; SC/ polyethylene composite where 4;, and
d, are its piezoelectric coefficients. The piezoelectric properties and related parameters of the 2—
0-2 composite depend on the Ps" orientation, volume fractions of components and on the as-
pect ratio of the SC inclusion. We compare data on the related composites: the first is based on
the single-domain SC with 4mm symmetry, and the second is based on the single-domain SC in
the field-induced phase with mm2 symmetry. We note the high level of the piezoelectric sensi-
tivity (gi,# 1 Vm/N, g;~ 1 V'm/N) and hydrostatic piezoelectric activity (d, ~ (10>-10%) pC
/ N) and large values of (Q, Y ~ 107" Pa at specific Ps" orientations and volume fractions of
the PMN-0.37PT SC m<0.1.

Acknowledgment. Research has been carried out at the financial support from the Ministry of Education and Sci-
ence of the RF within the framework of the complex project “Working out and creation of a high-technological
production of a mobile hydroacoustic complex to highlight a situation in various areas of the World ocean on the
basis of modern piezoelectric means of the new generation” (contract No. 03.G25.31.0276, May 29th, 2017) by
using the equipment of the Centre of Collective Use “High Technologies” at the Southern Federal University.

References

1. V. Yu. Topolov, C. R. Bowen, A. A. Panich, and A. N. Isaeva. Mater. Chem. Phys. 201, 224 (2017).

2. V. Yu. Topolov, P. Bisegna and C. R. Bowen. Piezo-active Composites. Orientation Effects and Anisotropy Fac-
tors (Berlin, Heidelberg: Springer, 2014).

OAJ Materials and Devices, Vol 4 (1), 1506 (2019) — DOI: 10.23647/ca.md20191506
58



59

V. Domains, Domain Boundaries
and their Dynamics

OAJ Materials and Devices, Vol 4 (1), 1506 (2019) — DOI: 10.23647/ca.md20191506



Spontaneous Evolution of the Domain Structure of TGS Crystals

0.M.Golitsyna, S.N.Drozhdin, M.V.Grechkina
Voronezh State University, University Sq. 1, 394018, Voronezh, Russia
e-mail: golitsynaom@yandex.ru

The kinetics of non-equilibrium domain structure of ferroelectric triglycine sulfate
group crystals (pure and doped with L,a-Alanine impurity) has been studied at a short dis-
tance from the Curie point (0.1 K < A7¢ < 1.0 K) by means of atomic force microscopy tech-
nique (AFM). The domain structure emerged at the phase transition was detected by scanning
of the ac-surface of a sample in the contact mode of the piezoelectric response using the AFM
microscope Solver P47 Pro and cantilevers NSG 11 / TiN.

The regularities of a temporal behavior of the basic parameters of the domain struc-
ture (the average size <w> of domains on the ac-plane, the total number N and the total pe-
rimeter L of domains, the coefficient of static unipolarity ¢, the average velocity of the do-
main walls movement) have been studied in accordance with method reported in [1].

It is shown: 1) the total number of domains N and their total perimeter L decrease ex-
ponentially with time; 2) the average sizes of domains along the crystallographic directions
[100] and [001] change over time according to the power law <w> ~ ¢, The values of the ex-
ponent y vary depending on the temperature and equal approximately to 1 in the close prox-
imity to the Curie temperature. It indicates to the evident non-conservativity of the macro-
scopic order parameter of the domain structures of the studied TGS crystals under conditions
of the experiment, and also it shows, that the domain coarsening near the phase transition
point can’t be described in the frames of the existing theories of the phase ordering in the sys-
tems with scalar order parameter; 3) a noticeable change of the total charge on the ac-surfaces
of pure and doped TGS crystals was observed only near T¢ and approximately during the first
30 minutes after the phase transition, because under these experimental conditions the TGS
crystal is an open system with a non-conservative order parameter; 4) the time dependences of
the average velocity of the lateral (along [001]) movement of the domain boundaries change
qualitatively away from the phase transition temperature.
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Images of the domain structure, obtained by means of atomic force microscopy tech-
nique, with their subsequent mathematical processing can provide essential information about
the static and dynamic properties of domains. In particular, the calculation of the equal-time
correlation function C(r,t) = <S(r,£)S(0,¢)>, where the scalar order parameter S(r.f) takes the
values of +1 and —1, respectively, for » inside domains with opposite directions of the sponta-
neous polarization, while the brackets denote the spatial average, gave an opportunity to
study the ordering dynamics of the observed domain patterns after the quenching of a ferro-
electric TGS crystal into the polar phase [1,2]. The set of correlation functions C{x=r/L(¢)}=f
(x), _scaled with so called characteristic length L(¢), for all the different times over long-term
observation of the domain structure evolution of TGS crystal has demonstrated that the scal-
ing hypothesis is satisfied in the present system [3]. Nevertheless, the question is: what is the
influence of the quality of the processed domain images in these results?

In the present paper we had made attempt to compare the results of processing of the
similar model and real (for TGS crystal) domain patterns. The various domain structures in-
herent for TGS crystals were simulated and the correlation functions along [001] crystallo-
graphic direction were calculated.
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Fig. Domain images: real for TGS crystal — @), simulated — ») and their correlation functions
¢): 1 and 2 respectively

As one can see from the Figure, an insignificant difference in the quality of the images
(noise, shape of the borders etc.) can considerably influence on the form of the correlation
function as well as on the physical conclusions.
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At present the lead-free ferroelectric NagsBigpsTiO3 (NBT) Q B H i ’ {
and NBT-based solid solutions are assumed as promising envi- Q i OQ
ronmentally friendly materials for piezoelectric applications. The o “n ar.’
most  attractive  in  practical sense is the system  NBT-x% BaTiO;
(NBT-x%BT) with morphotropic phase boundary (MPB), which position has been defined for
compositions with x=5-6% BT [1].

The work describes the studies focused on identifying changes in domain structure of
NBT crystals with addition of BaTiO; when approaching the MPB. The crystals of NBT-
x% BaTiOj; system (x=0, 3,2%, 5%, 6% in start powder mixture) have been grown by Czho-
chralski method. Parallel and perpendicular to the growth direction cuts are used for the re-
search. The polarization-optical studies of domain configurations and the light transmission
studies on wavelength 632 nm are carried out in temperature range 25°C-540°C.

It is known that NBT undergoes the phase transformation from cubic paraphase to
tetragonal ferroelastic phase at ~ 540°C. The rhombohedral phase appears below 200°C where
existence of the spontaneous polarization is indicated. The peculiarity of the temperature be-
havior of the optical properties of NBT is the presence of the “isotropization” point with hys-
teresis in temperature range 280-290°C during heating process and at 240°C during cooling
process. Visually observed NBT domain structure is usually represented by two states sepa-
rated by (110)-type walls and is ferroelastic. Orientation of domain walls does not change in
the temperature range of 25°C-540°C. This is due to the possibility of the existence of walls of
the same type in both the rhombohedral and the tetragonal phases. The (100)-type walls typi-
cal for the rhombohedral phase are observed only on some samples. Addition of the BaTiO3
leads to significant changes in the domain structure of NBT. So, the perpendicular cuts of
NBT-3.2% BT, NBT-5% BT, NBT-6% BT are visually observed as almost monodomain at
room temperature. For NBT-3.2% BT, the tetragonal phase is realized in 250-400°C tempera-
ture range, where wedges occur along the (110) direction. The regular zones separated by the
(100)-type walls appear in the parallel cuts of the test samples. For both NBT-5% BT and
NBT-6% BT cuts almost isotropic state is realized above ~ 180°C and ~ 200°C, respectively.
This does not contradict the conception of the MPB position between the rhombohedral and
tetragonal phases for compositions with x = 5-6% BT. The anomalies in the light transmission
temperature dependence correspond to the peculiarities of the temperature behavior of the
domain structure. It was found that with an increase of the BaTiO; content special NBT char-
acteristic temperature regions are shifted. Thus, for NBT-3.2%BT the "isotropization" point is
recorded at ~250°C, and the phase transition to the cubic phase occurs near 400°C. How the
BaTiO; add-ons affect both the formation of the domain structure and the peculiarities of the
optical properties is discussed within the framework of ideas about changes in the disordering
of the ions which are in the A-site of the NBT crystal lattice.
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Already 40 years ago, Nagaev [1] studied the inhomogeneous ferro-antiferromagnetic
state in magnetic semiconductors and introduced the concept of ferrons, i.e. magnetic pola-
rons, which are ferromagnetic droplets with a size of about 1-2 nm, arising in an antiferro-
magnetic semiconductor due to localization of charge carriers introduced by doping the semi-
conductor. Based on these ideas Kugel et al. [2] explain the transport and magnetic properties
of manganites of various compositions assuming the existence of ferromagnetically correlated
regions in the paramagnetic phase. According to their estimates, the size of ferromagnetically
correlated regions (FM droplets) is about 30 A. Electron spin resonance (ESR) turned out to
be very sensitive to the formation of ferromagnetic regions in the paramagnetic phase, as has
been reported e.g. for Lal-xSrxMnO3 in the regime 0.075 <x < 0.175, where weak, strongly
anisotropic ferromagnetic resonance (FMR) lines appear besides the paramagnetic resonance
line at g = 2 already below 270 K far above the magnetic ordering temperature [3]. The ESR
linewidth, which reflects the spin-spin relaxation rate, usually exhibits a critical broadening
on approaching magnetic order. Following Raikher and Stepanov, [4] who investigated the
FMR in a suspension of single domain particles, we assume that ferromagnetically correlated
regions in the paramagnetic phase should have a similar effect on the paramagnetic resonance
spectrum like superparamagnetic particles. The authors [4] obtained expressions for inhomo-
geneous contributions to the width of the line of an ensemble of superparamagnetic particles
with uniaxial anisotropy: AH=AH(1)+AH(2)

AH(1) =2—aHOM;AH(2) :36Hou,where§0 = KA, ,
\/g §0L1 502 Ll kBT

L =coth&, — % - the Langevin function, & - is the damping parameter in the Landau-
0

w
Lifshitz equation, 0 = —; , W, - is the anisotropy energy of a superparamagnetic particle.

A
B

The parameters of nanoclusters were obtained from complex analysis of the tempera-

ture dependences of position and linewidth. To check our assumption, we systematically in-

vestigated the zinc-doped lanthanum-strontium/barium manganite Lal-xMexMn1-yZnyO3 by

means of ESR and magnetization measurements. The average size of ferromagnetically corre-

lated regions in the ceramic manganites Lal-xMexMn1-yZnyO3, Me = (Sr, Ba) may reach the

values about of 1-2 nm, pu~170ug and Ha~230 Oe.
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PbCo;3Nb,303 (PCN) crystals belong to the family of complex perovskites AB’B”Os.
This family includes the materials with unique physical properties: ferroelectrics and
antiferroelectrics, relaxor-ferroelectrics, and multiferroics. The PCN crystals are characterized
by a diffuse maximum in the dielectric permittivity in the vicinity of 204-250 K and they have
antiferromagnetic phase transition at the temperature of Ty = 130 K [1-4]. It can be
considered as a potential relaxor-multiferroic. However, there is a certain scatter of the
experimental data on the dielectric properties and polar state investigations. In the case of
PCN, one can expect the appearance of false loops of ferroelectric hysteresis due to the
nonlinear conductivity in combination with the relatively large dielectric response. To
evaluate the temperature dependence of the polar moment, we used the method of Thermally
Activated Depolarization (TSD). However, it is necessary to obtain the data on the nature of
the dielectric response and the conductivity in order to correctly measure the TSD.

We present the results of a study of the PE-hysteresis loops, the temperature and
frequency dependence of the complex dielectric constant and ac-conductivity in the frequency
range from 12 Hz to 100 kHz and in the temperature interval 77-400 K. Investigation of the
polar state of the crystal was performed by a TSD method according to a standard
measurement scheme in two stages: Field Cooling at 50 V (1.1 kV / cm) down to 77 K and
Zero Field Heating after Field Cooling with a constant rate 5 K / min with the depolarization
current measurement.

As a result, the temperature dependence of the real part of the complex dielectric
permittivity shows the frequency-dependent diffuse maxima in &’ in the temperature range
240 - 250 K. A detailed analysis of the P-E loops reveals the combination of the nonlinear
conductivity and the linear capacitance of the samples. The conductivity activation energy is
estimated to be 0.43 eV. The investigation of the TSD current shows that the polarization
moment decreases nonmonotonically with increasing temperature and it disappears in the
vicinity of 215 K. Near 180-200 K there are the two depolarization maxima associated with a
complex polar moment.
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The electric polarization hysteresis loops and remanent po-
larization were revealed in multiferroics RMn,Os (R=Gd, Bi) at wide temperature interval
(5K - 330K) [1]. The long-range ferroelectric order having an exchange-striction magnetic
nature had been observed at low temperatures (T<T¢ = 30 — 35 K). Along with this, an elec-
trical polarization of a different nature had been found at temperatures T>>T¢. A generally
accepted point of view is that RMn,0Os has sp.gr. Pbam (at room temperature). We believe
that the high-temperature polarization we observed was caused by the frozen superparaelectric
state, which was formed by the restricted polar domains resulting from phase separation and
charge carriers self-organization. Charge ordering in RMn,Os and the e, electron transfer be-
tween Mn3+ -Mn4+ ion pairs are key factors responsible for polar electric states of these mul-
tiferroics at all temperatures. The double exchange between Mn’"-Mn*" ions induces the
phase separation in RMn,0Os which is similar to phase separation in LnAMnOs (A — Sr, Ba,
Ca) manganites containing Mn’" and Mn*" ions as well. Phase separation exists at all tem-
peratures and makes the formation of local conductive domains containing Mn®>" - Mn*" ion
pairs with ferromagnetically oriented spins energetically favorable. The phase separation do-
mains are located in a dielectric antiferromagnetic (paramagnetic) matrix of the original crys-
tal.

Theoretically, the frozen superparaelectric state was considered in the system of isolated
ferroelectric nanoscale domains in a dielectric matrix [2]. In this state, hysteresis loops and
remanent polarizations are observed. The frozen superparaelectric state turns into the conven-
tional superparaelectric one near T* (T*=100 — 330 K), in which the hysteresis loops are de-
stroyed. The T* values correspond to the temperatures at which the potential barriers of the
restricted polar domain reorientations become equal to the kinetic energy of the itinerant elec-
trons (leakage). The application of magnetic field H increases the barriers at the phase separa-
tion domain boundaries due to the double exchange growth, thus increasing the T* tempera-
tures. The electric polarization hysteresis loops were measured using the version of the PUND
method presented in [3], which was adapted to studies of the local polar domains. The emer-
gence of the local phase separation domains was confirmed in the high-sensitivity 3-crystal X-
ray diffractometer measurements and in the permittivity and conductivity investigations. We
revealed correlations between properties of the local phase separation domains and hysteresis
loops. It has recently been shown [4] that the RMn,Os symmetry at room temperature is a
noncentral symmetry, which means that the electric polarization should be existed at room
temperature.
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Multiferroic multilayer nanocomposites have broad prospects for application as materi-
als for development of non-volatile random access memory, various types of sensors, spin-
tronic devices. Bismuth ferrite (BiFeOs) is one of the most widely known and practically used
magnetoelectric materials. The ferroelectric and antiferromagnetic ordering of BiFeO; (BFO)
are stable with Curie and Neél temperatures of 1098 and 643 K [1]. To improve its magnetic
properties can develop composite nanostructures with spinel ferrite CoFe,O4 (CFO), that has
high coercivity magnetization [2]. Thus, the aim of the study was to study the possibilities of
efficient combining of BFO and CFO phases using a sol-gel process.

Samples of multilayer nanocomposites (BFO/CFO) were prepared by sol-gel synthesis
with using spin-coating method (5000 rpm for 30 sec) on the Pt (Pt/Ti0,/Si0,/Si) substrate.
Each coated layer was dried on a hot plate at 300 °C for 10 min. Then, coated film was rap-
idly thermally annealed at three different temperatures (700, 725 and 750 °C) for 10 min in air
environment. Therefore, the structures containing 14 layers (BFO/CFO) with thickness of
each layer about 120 nm were produced. X-ray diffraction patterns of the obtained multilayer
nanocomposites demonstrated presence of two separate phases of BFO and CFO, which re-
vealed their composite-like structure.

Measured values of leakage currents density for all prepared structures were less than
10® A/em? at electric field 90 kV/cm. The resulting structures demonstrated co-existence of
ferroelectric remanent polarization and magnetization (P, =65 pC/cm?®, M, =102 emu/gr for
700 °C; 51 pC/cm® and 47 emu/gr for 750 °C). Thus, values of remnant polarization, coerciv-
ity and saturation magnetization values decrease with increasing temperature of annealing.
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Compounds with a spinel structure with the general for- \

mula AB,Oy attract the attention of the scientific community in

connection with the variety of physical properties that arise in

these compounds, depending on the chemical composition and cation ordering [1,2]. One of
the promising and interesting is the presence of a magnetoelectric effect in spinels containing
magnetic ions in the structure. There are 2 non-equivalent cationic positions in the spinel
structure, A and B, which have a tetrahedral and octahedral environment, respectively. As a
consequence, the replacement of cations at these positions can lead to changes in the mag-
netic, electronic, optical, and magnetoelectric properties. In addition, spinel can have, as a
normal crystal structure (AB,0O4), and inverse (B(AB)Ox).

In the present work, first-principles calculations of the magnetic, electronic, and optical
properties of bulk crystals of MnFe,O4 and FeMn,0O4 with the structure of normal and inverse
spinel were carried out. All calculations were carried out within the density functional theory
(DFT+GGA) implemented in the VASP package. The total energies of the various magnetic
configurations have been calculated (Table 1) and the ground magnetic state in the investi-
gated compounds has been found, which for both compounds turned out to be ferrimagnetic
with the opposite direction of spins on the atoms at positions A and B. The polarization in the
ground magnetic state for all the compounds were comparable with experimentally measured
values [3]. The electronic and optical properties of compounds have been studied and their
relation to the structure and composition of the spinels has been established.

Table 1. Magnetic ordering, full energies of various magnetic configurations and magnetic moments for
MnFe,0, and FeMn,0, compounds with normal spinel structure.

E, eV M, UB
Mn(|1),Fe({1.1) 109,5 3,8(Mn); 3,7(Fe)
MnFe,O4 | Mn(||),Fe(1111) 110,2 3,5(Mn); 3,8(Fe)
Mn(11),Fe(11l1) 109,3 3,8(Mn); 3,6(Fe)

Fe(11),Mn(]1]1) 113,73 3,5(Fe); 3,7(Mn)
FeMn,O, | Fe(]|).Mn(1111) 114,45 3,5(Fe); 3,7(Mn)
Fe(11),Mn(1111) 113,51 3,5(Fe); 3,7(Mn)
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Influence of thermal treatment on crystalline structure, and magnetic properties of ini-
tially cubic nanocrystalline BaTiO3 nanoparticles was studied. Samples in the form of disc
were prepared by compacting of barium titanate powder (Sigma-Aldrich, USA). Initial parti-
cles of cubic perovskite modification of BaTiO; had a spherical shape with 100 nm average
diameter. Obtained samples were annealed in the electrical resistive furnace at air atmosphere
under the following scheme: 700 °C (1 h.) then 1000 °C (5 h.) and 1200 °C (1 h.). After each
“high temperature” annealing the series of “low temperature” treatments in H, atmosphere
(250 C° 90 min and then 350 C° 90 min) were implemented.

The magnetic measurements after each treatment were conducted with using a vibrating
sample magnetometer. Measurements were carried out at frequency of measured magnetic
field f=10"*Hz and amplitude Hy = 10000 Oe. The error of measured values M does not ex-
ceeded 10 %.

The experimental results showed the following:

1. Thermal annealing of BaTiO; nanoparticles with initially cubic perovskite crystal-
line lattice at 1000 °C during 5 h leads to the formation of ferroelectric tetragonal phase. It
was found that the increase of tetragonal distortions increase simultaneously with the anneal-
ing temperature (c/a ~ 1,0085 and 1,00976 for the samples annealed at 1000 and 1200 °C re-
spectively.)

2. Heat treatment of BaTiO; nanoparticles under experimental conditions does not lead
to any visible increasing of their sizes. However, this annealing leads to the formation of
small crystallites agglomerates.

3. Diamagnetic response in nanostructured BaTiOs is observed after each cycle of an-
nealing in air. However the ferromagnetic M-H loops are appeared after thermal treatment in
hydrogen atmosphere.
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The discovery of a room-temperature ferromagnetism in cobalt-doped anatase TiO; has
initiated a large number of experimental and theoretical studies of diluted magnetic
semiconductors and oxide materials, which are promising for application in spintronics. It was
shown that insulating samples of SrTiO;(Co) with Co concentration of 14—40% exhibit the
ferromagnetism at 300 K [1,2]. The functional properties of SrTiO; can be significantly
improved if magnetic and dipolar orderings can be realized in it simultaneously, for example,
by doping this material with magnetic off-center impurities. The search for such magnetic oft-
center impurities that can result in the onset of a magnetoelectric interaction [3] is currently an
actual problem.

The position of an impurity in a crystal, its local environment, and its interaction with
point defects can significantly affect the magnetic and oxidation states of Co (several
oxidation states are typical for 3d transition metals). In practice, the oxidation and magnetic
states can be changed by varying the synthesis conditions. The aim of this work is to use
XAFS spectroscopy and first-principles calculations to determine the structure, oxidation and
magnetic states of structural defects produced by Co in SrTiO;.

Single-phase samples doped with 2-3% Co and different deviations from
stoichiometry were prepared by solid-phase synthesis at 1100-1600°C. For the incorporation
of cobalt into the 4 or B sites of the perovskite structure, the composition of the samples was
deliberately deviated from the stoichiometry towards the excess of Ti or Sr. XAFS spectra
were recorded at the KMC-2 station of the BESSY synchrotron radiation source at the Co K-
edge in fluorescence mode at 300 K.

It is shown that when changing the synthesis conditions, one can noticeably change the
ratio of the concentrations of cobalt atoms entering the 4 and B sites of the perovskite
structure. At annealing temperature of 1600°C, most of the Co atoms enter the A4 site, are in
the +2 oxidation state, and are off-center (displacement of ~1 A). At annealing temperature of
1100°C and in samples annealed at 1500—-1600°C with deviation from stoichiometry toward
the excess of Sr, cobalt mainly enters the B site, is in the +3 oxidation state, and forms a
complex with the nearest oxygen vacancy.

The obtained interatomic distances and oxidation states were used in first-principles
calculations of properties of different structural defects. The calculations were performed us-
ing the ABINIT program in the LDA+U approximation on 80-atom cubic supercells. As a re-
sult, the structure of defects whose geometry and magnetic properties are in agreement with
experimental data were obtained. The electronic structure of these defects is used to predict
the optical properties of the doped material.
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Relaxation Polarization and Negative Capacity
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Negative electrical capacitance detected in a large number
of substances. The mechanisms of its emergence are discussed.
Such as filling traps with the subsequent release of charge, plasma-
like dispersion, the nonlinearity of the processes of rectification of AC, etc. We propose the
appearance of a negative capacitance can be explained by the emergence of relaxation polari-
zation and polarization of the ionic displacement in matter [1]. After applying the electric
field, the own ions of the substance are displaced, forming dipoles. An electric field directed
against the external field appears between the charges of the dipole. In the local areas of im-
purity ions placement, the resulting electric field can be inverted with respect to the external
field, which will lead to the appearance of ionic thermal polarization, giving a negative con-
tribution to the polarization of the substance. In impedance spectroscopy, equivalent electrical
circuit of the substance consists of three parallel connected between the chains: the capacity
of C; (it describes the polarization of elastic ion shifts) the conductivity of the Gs (it de-
scribes pass-through conductivity), chain R4-C4 (she describes the process of relaxation of po-
larization). The relaxation time is positive, but the capacitance C4 <0. The frequency depend-
ence of the real part of the capacitance begins with a negative plateau in its low-frequency
part. As the frequency increases, the capacitance module decreases, then the capacitance be-
comes positive, and its growth is completed by a high-frequency plateau. The frequency de-
pendence of the imaginary part of the capacitance repeats a similar dependence for the relaxa-
tion polarization with a positive capacitance. The circular diagram for capacitances has a low-
frequency part on the left. There are deviations from the semicircles on the left, associated
with the influence of through-conduction. A characteristic feature of the dielectric spectrum of
a sample of a substance with relaxation polarization, which gives a negative capacitance, is
the appearance of a minimum in the negative area of the frequency dependence of the imagi-
nary part of the complex electrical conductivity. The dielectric loss tangent consists of two
components, determined by the contributions of through conductivity and relaxation polariza-
tion. A maximum is observed in the frequency dependence of the first part of the same fre-
quency at which the minimum is observed for the imaginary part of the complex electrical
conductivity. Can be observed minima in the negative area of the frequency dependence of
the imaginary part of the dielectric module and the imaginary part of the impedance with a
certain ratio of the parameters of the substance. The described dielectric spectrum is observed
in composites based on aluminum oxide in silicone oil [2] and some other substances.
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Impedance Spectroscopy and Processes
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When an electric field is applied to a sample of a substance,
electromigration processes begin in it. In the first approximation,
the electromigration processes can be divided into pass-through conductivity, fast polarization
processes and relaxation polarization processes. Electromigration processes can be described
via impedance spectroscopy. In order to describe each processes of the electromigration, an
equivalent electric circuit is selected whose frequency dependence of the electrical impedance
characteristics is close to the frequency response of a sample of a substance. In this case, the
electrical behavior of the substance can be described both by means of a complex specific
electrical conductivity and by means of a complex dielectric constant. In the method of im-
pedance spectroscopy use such characteristics as the tangent of the dielectric loss angle #g o,
the tangent of the phase angle between current and voltage tg ¢ (6 + ¢ = 7/ 2), complex elec-
trical conductivity, dielectric permittivity, impedance, electrical module. All these physical
quantities are used in the method of impedance spectroscopy as quantities that allow finding
the correspondence between the electrical response of a substance and the equivalent electri-
cal circuit. A resistor corresponds to pass-through conductivity, a capacitor is used to describe
fast polarization processes, sequential R-C chain corresponds to relaxation polarization. It is
rare only one type of electromigration develops in a substance. Using the principle of super-
position of currents, it is possible to describe the processes of electromigration developing in
a substance. To do so, the equivalent circuit must be transformed using parallel connection of
the elements responsible for each of the additional types of electromigration. The impedance
characteristics change. For each of the combinations of types of electromigration, the fre-
quency behavior of the impedance characteristics was calculated. A table has been compiled
to track these changes. Can track the changes that occur, for example, by the frequency de-
pendence of tg 0. If only relaxation polarization develops in a substance, g 0 is smooth. If
there is also pass-through conductivity, the function has a minimum. And if relaxation polari-
zation is combined with fast polarization processes, there is maximum. The presence of all
types of electromigration is described by a function with two extrema, a maximum and a
minimum. The development of relaxation polarization always leads to a decrease in €’ as the
frequency grows, but this drop not unlimited with the simultaneous development of fast po-
larization processes. [1].
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Most of the existing models of ferroelectric polymer systems have several disadvantages.
Some of them are based on the continual approach, however, the properties of polymers
cannot be described using only the equations of continuum mechanics. [1]. At the same time,
the existing discrete models do not take into account the kinematic connection of chain
segments [2]. Therefore, it is impossible to investigate in them the effect of chain size and
molar mass distribution on the properties of the ferroelectric system.

In this paper, a new model of a ferroelectric polymer system is proposed, which is a
synthesis of various models of a polymer system and a low-molecular ferroelectric. The
conformations of macromolecules were calculated by the molecular dynamics method in the
framework of the Hurst-Harris model, in which the chain has thermodynamic bending
rigidity. It is assumed that the chain moves inside the tube (the continuum model of reptations
of the Doi), the transverse dimensions of which are self-consistently determined by simulating
the arrangement of polar groups by the Monte Carlo method. At the same time, the possible
orientations of the polar groups are determined by the average elongation of the chain, since
they are rigidly connected to the main chain (the backbone of the macromolecule). The paper
presents a method for solving the problem of self-consistency.

The temperature dependences of the intermolecular distances, the parameters of the dipole
and quadrupole order, and the heat capacity for various values of the parameters of the
interactions and the length of the polymer chain are presented. It is shown that the
arrangement of macromolecules in a ferroelectric polymer has a layered character. The
conditions are given under which there are two structural transitions in the system.
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The Absorption of Terahertz Electro-Magnetic Waves
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The widest variety of vivid physical effects of both quantum
and classical interpretation is studied in the terahertz (THz) frequency range (10''-10" Hz).
Due to the constant increase of research objectives in the THz frequency range the task of
creating and improving the active and passive elements such as sources of THz radiation is
highly relevant. The conversion of IR laser radiation in nonlinear optical crystals is one of the
promising methods of generating monochromatic and/or broadband THz radiation.

Application of ternary non-linear crystals such as ZnGeP, allowed to generate radiation
of difference-frequency in the range of 2.7-2.94 THz [1], and to receive broadband radiation
in the range of 0.1-3 THz, exciting by femtosecond laser pulses [2]. Non-linear crystal
CdSiP; has advanced optical and physical properties [3], [4], being useful for the effective
nonlinear-optical conversion of high-power laser radiation and the generation of THz radia-
tion.

The aims of this work are: to study the CdSiP, dielectric response in the wide THz-
infrared frequency range and to determine the main parameters affecting the effectiveness of
crystal’s use as a radiation generator in the THz region.

Experimental data were collected in a wide frequency range by methods of backward-
wave oscillator, time-domain and infrared spectroscopy. The frequency dependences of the
refractive index along the main crystallographic directions of CdSiP; in the THz—IR region
have been derived (Fig. 1). Factorized four-parameter semi-quantum model [5] and model of
harmonic oscillator were used for spectra fitting over measured spectral range. The spectra of
complex permittivity ¢*(v) =¢'(v)+ig"(v) and absorption coefficient « (v) have been deter-
mined. As well, contributions of active optical phonons and additional processes to the total
losses are obtained. In our opinion, the contribution of additional absorption is formed mainly
by difference multi-phonon processes. 3.50

Based on the results of our research we can

conclude that single crystal CdSiP, due to the nature  3.45; M/

of its dielectric response function has an obvious <

. . . . n-Elc
practical interest for the purposes of non-linear optics. 340}
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Wave solid-state gyroscopes (WSG) are promising devices for navigation equipment
that do not have rotating parts, have durability, small weight and size parameters and power
consumption, and are not sensitive to vibrations and overloads [1]. Their accuracy is deter-
mined by the optimal choice of the design of the sensing element, the possibilities of its
manufacturing technology and electronics. It is important to note that the effectiveness of
mathematical modeling depends on the completeness of the mathematical model of the WSG,
the chosen numerical method and the capabilities of computing equipment. Mathematical
models of WSG, built on the basis of the theory of elasticity of thin axisymmetric shells, quite
well describe the behavior of a hemispherical WSG and allow using analytical methods to
study the effect of mass and shape defects on its parameters and characteristics, as well as de-
velop algorithms for its balancing [2]. However, in the case of a cylindrical WSG with a more
complex form of the suspension of the resonator using piezoelectric transducers for the
buildup and removal of the signal, analytical methods lose their effectiveness. The numerical
analysis of mathematical models of WSG is required. Thus, in [3], the shapes and frequencies
of natural oscillations of cylindrical WSG resonators, as well as thermoelastic losses in them,
were calculated using the finite element method.

The physicomechanical processes in the WSG can be adequately described in terms of
electrothermomechanics of viscoelastic piezoelectric bodies [4], by introducing volume iner-
tial forces due to the rotation and vibrations of the object on which the WSG is mounted.

In the present report, a mixed boundary-value problem of electrothermal elasticity is
formulated and solved numerically for the excitation of resonator oscillations by the piezo-
electric elements in the form of thin plates located on it. The shapes and frequencies of the
natural modes of the resonator and the influence on them of variations in the sizes of piezo-
elements are determined. The requirements for thermomechanical stability of the used PZT
piezoceramics are established. The factors affecting the good quality of the resonator are con-
sidered.
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Solid-phase synthesis in multilayer films of nanometer thick- -
ness is relevant for electronics materials as a possible way to obtain new metastable com-
pounds, in which a decrease in the temperature of phase transitions is observed. Two systems
were considered in the present work: the both systems contain one layer from a
(CoaoFes0B20)34(S102)66 composite, which has superparamagnetic ordering up to the percola-
tion threshold, and the second layer is a gas-sensitive wide-gap semiconductor ZnO (one sys-
tem) or SnO; (another system).

The [(C040Fe40B20)34(Si02)66/ZnO]112 and [(C040Fe40B20)34(Si02)66/Sn02]32 films were
obtained by ion-beam sputtering of two different targets. The sputtered material was deposited
on the rotating silicon substrates consistently, so as to obtain the multilayer structure where
composite and semiconductor (with thickness of 0.5-3 nm) layers were alternated. The struc-
ture of the obtained materials in the initial state and after annealing in the temperature range
from 250 °C to 600 °C with a step of 50 °C, with a duration of 30 min (with a residual air
pressure of 5¢107 Pa) was investigated by X-ray diffraction in the Bragg angle range from 1°
to 60°. All studied films in the initial state have an X-ray amorphous structure but the periodic
oscillations are observed on diffractograms in the small angles region (1-10° in a lowangle
reflectometry regime). The angular positions of these lowangle peaks correlate with the calcu-
lated thickness of the bilayers. The exceptions were observed in films with layer thicknesses
less than 1 nm, for which there layered structure has not been formed.

The crystallization of phases as well as solid-phase chemical reactions was observed in
the [(CosoFes0B20)34(S10)6¢/Zn0]; 12 films during the heat treatment. The observed reactions follow
the sequence:

00 °C 450 °C 500 °C 550 °C

amorphous CoFe; Fe O, CoFe; Fe ,O,;Zn0O CoFe ;Fe.,O,;Zn0O
-

0 0
530 € CoFe ;Fe.,O,;Co ,FeO ,(BO ,);ZnO 600 €

Fe O ,;Co ,FeO ,(BO ,); ZnO ;Zn ,SiO ,.

In the [(Co40Fe40B20)34(5102)66/Sn0,]3, films the phase transformations follow another
sequence:

0 0 0 0
amorphous 00 CFe3O4;C028n 450 CFG3O4;COZSH; MFe304;COZSn;COSn;SnO2 530°C
= =

550°C 600°C

Fe,0,;Co,Sn; CoSn;SnO, ———Fe,0,;CoSn;Sn0O,.
j—
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Energy Dissipation of Alternating Magnetic Field in
High-Temperature Superconductors with Different
Microstructure
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It is known that many high-temperature superconductors have ferroelectric properties.
In this case, a detailed study of the crystal structure of superconductors with their supercon-
ducting parameters is an urgent task [1, 2]. The results of the study of the effect of micro - and
nanostructure of multiphase superconducting cuprates are presented
Bi, «\PbsSr;,Ca,Cuy 102046 (n=1, 2, 3) on their energy dissipation under the influence of super-
position of constant and alternating magnetic fields. The samples had a similar microstructure
of thin plate crystals of Bi-2212 and Bi-2223 phases growing in arbitrary directions.

In the experiments, we used samples with low density (4.1 g/cm3), a small value of the
critical current at a temperature of 77 K (Ji=33kA/m?) and a large width of the superconduct-
ing transition (AT>5 K). With the obtained samples, a complex of studies was carried out -
temperature dependences were measured: complex magnetic permeability, critical current,
second and third harmonics.

As a result of studies of the samples, it was found that the curves of harmonic stresses
isolated from the sample response signal to an alternating magnetic field have two maxima,
one of which is observed in the temperature range of the superconducting transition. It is
shown that the value of this" maximum on the dependence U,(T) grows in proportion to the
square of the amplitude of the alternating magnetic field b> and in proportion to the frequency
f. It is found that such properties are associated with the crystal structure of the obtained su-
perconductors, namely, the ratio of the mass fraction of the phases Bi-2212 and Bi-2223. At
high concentrations of the Bi-2223 phase, the maximum is not observed [3]. It is concluded
that the energy dissipation of the alternating magnetic field in multiphase superconductors of
Bi-Sr-Ca-Cu-O system, which are in the resistive state, occurs in the system of weak phase
bonds Bi-2223. Moreover, the energy dissipation of the alternating magnetic field in the sys-
tem of weak bonds Bi-2223 is more than 10° times higher than the energy dissipation in the
crystallites of the Bi-2223 phase. It is shown that the mechanism of energy dissipation of the
alternating magnetic field in the temperature region of the superconducting transition is asso-
ciated with golevye losses of induction currents flowing in the system weak ties-phase Bi-
2223, and the magnitude of the dissipation is correlated with the magnitude of the voltage odd
harmonics.
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The vibrations of a screw dislocation in the vicinity of a structural phase transition are
considered. This transition, according to the Landau theory [1], was described by the order
parameter 7. The presence of dislocations leads to the appearance of an additive 7;(7,¢) to
the thermodynamically equilibrium value of the order parameter 7,, which depends on the

radius vector 7 and time ¢. Earlier bending vibrations edge and screw dislocations in crystals
with a soft mode, arising under the influence of external factors in the works of authors [2-4]
are studied. In the present work, in contrast to [4] bending oscillations screw dislocation in the
arbitrary slip plane are investigated. In the linear approximation from the dislocation dis-
placement the equation of a screw dislocation bending vibrations is obtain
[0z, @) =ap (¢., 0)i(q., @),

where fl (¢,®) and u(qg,w) are the Fourier transforms of the Peach-Koehler force projection
on the slip plane and the dislocation displacement, a(g,, @) is the linear response function
of the screw dislocation near the structural phase transition point, which is found by formula

5 2 2.2 2/ 2
9 Hb (ny, —ny)qi —20 /Ct 2 2
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Here g is the wave vector, ¢ :,/qf +q§ , o 1s the frequency, u is the shear modulus,

b= (0, 0, b) is the Burgers vector, 11 =(n,, n s 0) is the unit vector of the normal to the slip plane,

¢, and ¢; are the velocities of transverse and longitudinal sound waves, v is the Poisson's ratio, g is

the constant striction coefficient, ¥(g,®)is the Fourier transform of the order parameter response
function to the hydrostatic pressure.

In the case of natural vibrations of dislocation 0(51 (¢9,, ®)=0 should be assumed.

From this equation, the eigenfrequencies of bending dislocation oscillations in the vicinity of
the structural phase transition and their damping, the effect of the interaction of an elastic
field with a soft mode on the effective mass and the effective rigidity of a dislocation can be
established.
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Mixed dislocation lying along the axis Oz of the vector tangent to the dislocation line
7, =(0, 0, —1), the Burgers vector b= (b., 0, b,) and the vector normal to the slip plane of

the dislocation 7 = (0, 1, 0) is considered. Small vibrations of the dislocation near the equilib-

rium position are limited. Earlier bending vibrations edge and screw dislocations in crystals
with a soft mode, arising under the influence of external factors in the works of authors [1-3]
are studied. Structural phase transition, according to the Landau theory [4], was described by
the order parameter 7. In the linear approximation from the dislocation displacement the

equation of a mixed dislocation bending vibrations is obtain
~ 1 _
fJ_(qZ’ w):aD (qZ> a))u(qZ7 a)) >
where f| (¢,®) and u(g,®) are the Fourier transforms of the Peach-Koehler force projection

on the slip plane and the dislocation displacement, (g, @) is the linear response function
of the mixed dislocation near the structural phase transition point, which is found by formula

_ 1 1+
ap (q., @) = —ifﬁdﬁ{(ﬁ + 21T/1g Us)(J

biqt j4+b2q2q}

X —
EETE) R e Ry
1 1+v b2/4
_(ﬁ+2rﬂg 773}(|q =0, 0= Oj 1+ 225 ’
1_4’ul g |q =0,0=0
| beal [2+b2¢% -b*0?/c? ey

R

Here ¢ is the wave vector, qi = qi + qi , o 1s the frequency, u is the shear modulus, v is the

Poisson's ratio, g is the constant striction coefficient, 7, is equilibrium value of the order pa-
rameter, y(q,®)is the Fourier transform of the order parameter response function to the hydrostatic

pressure, ¢, and c¢; are the velocities of transverse and longitudinal sound waves. In the case of

natural vibrations of dislocation a,}l (¢,, @) =0 should be assumed.
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The small bending vibrations of a mixed dislocation in a ferroelectric crystal near the
phase transition point similar to those of edge and screw dislocations [1-4] are investigated.
Ferroactive axis coincides with a coordinate axis Oz: P = (0,0, P), along the same axis equi-
librium position of the dislocation line: 7, = (0,0,—1) with the Burgers vector b= (bx, 0, bz)
is located. Linear response function is found
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where & is the wave vector, ki = k2 +k2 , @ 1is oscillation frequency, u is shear modulus
of the crystal, v is Poisson’s ratio, ¢, u ¢; are the transverse and longitudinal sound veloci-

ties, g; and g, are striction coefficients, 7 is susceptibility of a ferroelectric crystal, B, is
polarization equilibrium value in a homogeneous crystal.
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The purpose of the work is the creation of a multilayer sys-
tem with thickness individual layers of 1-2 nanometers. The films E
with such thicknesses are affected by the processes of surface and bulk diffusion of atoms
both during and after synthesis. In addition, there is the possibility of mutual solubility of the
elements of a layered structure and the formation of thermodynamically stable compounds
between them.

The experimental samples were obtained by the method of ion-beam sputtering of a
composite target (In,O3 and SnO;) on a rotating substrate [1].

The thickness of the films obtained varied from 60 to 390 nm. The number of bilayers

was 69.

A comparative analysis of the angular dependences of the X-ray scattering intensity [(20)
of pure oxides and a heterogeneous nanosystem showed that the indium oxide in the original
state has a crystalline structure. The tin oxide and the system In,O3/SnO, is amorphous.

A possible explanation for this experimental fact is the formation of a complex com-
pound In-Sn-O in the process of film synthesis.

On the low-angle dependences 1(20) of the In,O3/SnO, system, the presence of peaks
was revealed. The calculation of the period of the diffraction grating is consistent with the
thickness of the bilayers calculated from the deposition conditions. This allows us to conclude
that the In,O3/SnO; structure is multilayered in the original state.

After heat treatment above 500 °C, the films begin to crystallize with the release of the
indium oxide, and the multilayer disappears.

Studies of the thermal stability of the electrical properties of the multilayer In,O3/SnO,
system during heat treatment to 600 °C showed a change in the temperature coefficient sign
(from negative to positive) and a decrease in electrical resistivity to 6 orders of magnitude de-
pending on the thicknes of the layers.

This is due to the crystallization of the system under study, leading to the destruction of
the multilayer structure of the samples and the formation of fine-level states in the band gap
of the semiconductor.
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The interest to mixed-valence R A MnOs- )
type manganites (where R is a rare-earth 8x10"
element, A is a divalent alkaline-ecarth ele- ]
ment) arises due to the colossal magnetore-
sistance effect (CMR effect) which was ob-
served in these compounds (see reviews
[1,2]). Ceramic samples
Lag sSrpsMngoFep 103 (LSMFO) were pre-
pared using conventional solid phase tech- 1
niques [3]. Iron doping effect in mangamtes 210"
is also interesting for study because Fe* 10n ]
has the same radius as it Mn®" has, and Fe®" e
1s magnetic but non-Jahn-Teller cation and 0

Resistivity (€2 cm)

T T T T T T
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does not involved into the double exchange. i

The magnetization and electrical resistivity ®
measurements have been also performed in Figure 1. Temperature dependence of the
the temperature range of 20 ~ 300 K in mag- resistivity in the investigated LSMFO
netic fields up to 1 T (Fig.1). According to samples at B=0and B=1T.

the research, it was established the tempera-

ture ranges (T = 148 + 300 K) Efros-

Shklovskii mechanisms of hopping conductivity (Fig.2). Were calculated micro parameters in
density of localized states (DOS) for LSMFO samples.
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Figure 2. Top panel: the plots of In(p/T"*) versus T " at B=0 (a) and B = 1T (b) for the tempera-
ture intervals HTM (150K < T < 300K). The lines are linear fits. Bottom panel: the plots of
In(E,/kT + m) on In(1/T) for m = 1/2. The lines are linear fits.
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Samples of ceramics (Iny03)o33(Zn0O)g 66 Were synthesized by ==
multistage synthesis from powders of zinc oxide and metallic indium. The initial powders was
mixed in a ceramic mortar for 90 minutes. The synthesis temperature was sequentially in-
creased to 350, 627, 927 °C in air, the exposure time was 5 hours, then cooling was carried
out in the furnace. It is important to note that the process of In,O3 solid-phase synthesis from
In powder finishing at the temperatures of 627 - 927 °C.

The DC resistivity mesurements of In,O3 — ZnO samples were carried out in the tempera-
ture range from —196 °C to 150 °C. With treatment temperature increasing from 350 °C to 627
°C, the resistivity of the sample increases too, and the temperature coefficient of resistance
(TCR) becomes negative. Annealing of (InyO03)033(Zn0O)o 66 samples at a temperature of 927 °C
led to complete oxidation of In inclusions. Various results were obtained on control samples:
“low” and “high” resistance state. Analysis of the microstructure by X-ray diffraction no re-
vealed significant differences.

The reason for this various sample behavior is apparently related to the fact that areas of
zinc oxide contain a small amount of indium. The increase in conductivity in the "low-
resistance" sample is realized due to the dissolution of donor impurities. This leads to an in-
crease in the concentration of free charge carriers and an effective decrease in resistance. The
samples parameters are demonstrated the best performance in terms of practical application,
are presented in table 1.

Table 1
Parameter Value
Conductivity, o (resistance, p) 125 Sm'm™ (0.008 Ohm'm)
Thermopower coefficient 90 uV /K
Power factor, PF 1uW/m-K°

According to the literature data, the resistance of annealed zinc oxide samples at T >
1000 [1] monotonically decreases with increasing temperature. However, in some cases [2],
the dependence of the conductivity of zinc oxide on temperature is complex at T <450 °C.
This is due to several reasons: the method of synthesis of samples, the rate of heating or cool-
ing (quenching, slow cooling), exposure to air at lower temperatures. By controlling the sur-
face state of the ZnO and In203 crystallites, the values of PF and ZT, which are acceptable
for practical use, can be achieved at temperatures well below 1000 ° C.

This work was supported by the Ministry of Education and Science in the framework of the project part
of the state task (project No. 3.1867.2017 / 4.6).
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Flexible crystallizable polymers exhibit pyroelectric properties
and give technological advantages in the manufacture of detectors and radiation receivers of
various shapes and geometric sizes. The results of [1] show that the crystallization of polyeth-
ylene oxide from a melt in an inhomogeneous temperature field increases the polarization of
the samples due to the increase in the size of polar fragments of spherulites forming a crystal-
line field. The authors of [1] used the method of polarization currents and concluded that the
method can be used to observe the kinetics of crystallization of linear polymers. The paper
proposes the principles of constructing a formalized model for estimating the parameters
characterizing the growth of crystallites in linear polymers in an inhomogeneous temperature
field during the melt-crystal transition by means of the experimental dependence of the po-
larization on the temperature P (T) [1].

Experimental studies show that the magnitude of the change in polarization is directly
proportional to the change in the concentration of crystallites [1]. The relative change in the
concentration of polymer crystallites dn/n depends on the crystal growth process Ax/xy
(xx = G/kp is the average crystallite size characterized by the ratio of its growth rate G to the
diffusion coefficient kp of non-crystallizing elements). In the stationary state we can assume
that [2]:

dn/n:—Ax/xk . (1)
The thermal expansion of the crystallites occurs by an amount Ax in an inhomogeneous
temperature field. Ax is determined by the relation:

Ax = ax;dT (2)
where a is the coefficient of thermal expansion, x is the average crystallite size, in the linear
approximation it is determined by the relation:

X;{ =xk(5_’(n)9 (3)
where 0 and « are constants characterizing the kinetics of the formation of crystallites in the
polymer. Equation (1) is transformed into a first-order differential equation taking into
account (2) and (3):

dn/dT =—a(S—Kn)n. 4)
The solution of the equation is
AP/F, = An/n, = adK, exp(-adAT)/(1+axK, -exp(-adAT), (5)

where AT is the absolute value of the temperature inhomogeneity, K, =n, Ja(S —Kn, ) is the

normalization coefficient determined by the initial concentration of crystallites ny. Relation (5) is the
formalized model for estimating the ratio k/0 by the linear regression method using the experimental
data P (T) for any polymer. For example this parameter is 5% per 1 m’ for polyethylene oxide.
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The molecular dynamics method was used to study the laws of the
atomic structure rearrangement of metallic glass CugoPdsp under conditions of uniaxial ten-
sion. The computer model contained 500000 atoms, the deformation was carried out at a rate
of 6.67x10” ¢! while maintaining a constant temperature of 50 K.

In the process of deformation, atomic stresses were calculated [1], the magnitude of

quadratic non-affine atomic displacements D2, [2], and a statistical and geometric analysis
was performed based on Voronoi polyhedra.
It has been established that in the strain interval of 4.5—7.3%, the strain is localized into

two narrow shear bands. In Fig. 1, a the image of the model is shown at a deformation of
7.3%, the color of the atoms denotes the value of D2, (lighter - more). In the region of shear

band propagation, there is a noticeable decrease in the number of Voronoi polyhedra with an
index (0-0—12), which correspond to icosahedral coordination polyhedra (Fig. 1, b).
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Fig. 1. Image of the model after the termination of the propagation of the shear bands
(a) and the dependence of the fraction of different Voronoi polyhedra on the magnitude of the
deformation in the shear band region (b)

A model of generation and propagation of shear bands is considered, based on ideas
about the formation of an elastic stress field, equivalent to a dislocation field localized in the
region of maximum concentration gradient of local centers of shear rearrangements.
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Experimentally, it was shown that the pulsed magnetic fields (PMF) have a significant
influence on the diffusion mobility of solute atoms in ferromagnetic a-Fe [1,2], and the mag-
nitude of its influence depends generally on magnetization, which is a function of tempera-
ture, magnetic field intensity, and the microstructure. In work [1] it was speculated that the
magnetic field dependence of Al diffusion in a-Fe is dominated by interactions of the elastic
fields caused by solute atoms with the elastic fields induced by moving magnetic domain
walls. Later on, a hypothesis about the existence of relaxation mechanisms of the PMF impact
on diffusion rates of non-magnetic solutes in a-Fe was put forward [2]. In order to verify the
hypotheses, the PMF impact on Sn diffusion in ferromagnetic a-Fe at 730 °C are presently
investigated and remarkable changes of the Sn diffusion rates under applied pulsed magnetic
field are found.

The frequency dependence of the Sn diffusion rate in a-Fe has a "resonant" character

within the frequency range of 1 to 21 Hz and the amplitude intensity of 238.8-398.0 kA/m.

The peak value of the Sn diffusion coefficient is larger than that without the magnetic field by
a factor of 1.5 to 2.0. At a lower magnetic field of 39.8-79.6 kA/m, the diffusion coefficient
does not practically depend on the frequency (within the given frequency range) and the
maximum value of the Sn diffusion coefficient in a-Fe is even lower than that in the field-free
sample.

The present experimental data suggest that there are two basic mechanisms of the
influence of PMF on mobility of a non-magnetic solute in a-Fe, however the "resonant"
behavior of the Sn diffusion coefficients indicates strongly the existence of relaxation
processes affecting solute diffusion under pulsed magnetic field.
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Electronic states are considered with energies within the continuum spectrum but spa-
tially localized in the inner layer of a planar semiconductor heterostructure (PHS). Analogous
so called bound states in the continuum (BIC) were found recently in various quantum sys-
tems such as semiconductors [1], graphenes [2], quantum Hall insulators [3], optical struc-
tures [4].

We present a simple model within single band approximation that demonstrates how
electronic states of energies above conduction band edge out of the PHS inner layer and of
high enough quasimomenta become confined in the layer due to spatial modulation of effec-
tive mass interfered with nonzero band offsets at interfaces of the PHS.

As revealed by the further analysis, the physical origin of the confinement effect is very
simple and seems to be not sensitive to details of the theoretical model such as the choice of
boundary conditions for envelope wave functions, the validity of the effective-mass or single
band approximations and so on. In fact the BIC states in PHS appear to arise due to mere
kinematics and to the conservation laws for energy and quasimomentum. Understanding this
allows to make definite conclusions on the possibility for the BIC states to exist in a PHS with
great band offsets when effective-mass approximation is no longer sufficient to describe de-
tails of electron energy spectrum quantitatively.

The kinematic consideration of the over-barrier confinement in PHS gives us a basis to
formulate a generalized criterion for the BIC effect. The criterion is valid even for domains of
the Brillouin zone quite distant from valleys of the dispersion law when the notion of carrier
effective mass is therefore meaningless. Namely, let the bulk dispersion laws in two adjacent
layers of the PHS be E, (k,k,) and E _(k,k,), where £, is transversal (normal-to-the-plane)

component of quasimomentum. Assume further that there exists a domain Q of £ and k& values
such that of the two equations

E_(kk,)=E; E,(kk,)=E (1)

the first equation has a solution while the second one has not. Then there could appear BIC
electron states in the domain Q. This criterion gives a principal possibility to design structures
with unusual properties due to the BIC effect by selecting materials along with their electronic
spectra over the whole Brillouin zone for the bulk materials which the PHS is composed of.
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It is known that in the multicomponent ferroelectric ceramic with specific ratio of
components of solid solution and modifying additives, the phase transition from ferroelectric
phase to paraelectric phase happens in several stages. At the same times, the temperature in-
terval of these structural and polarization changes can reach hundreds degree [1, 2].

In this work repolarization processes and behavior elastic properties in the PZT-based
ferroelectric (0.36 PhTiO, —0.33PbZrO, — Pb(MgZn), ,, Nb,,,O; — BaTiO, — SrZrO,) material
are studied.

Figure 1 presents temperature dependence of the effective dielectric constant S/eff:P/s()E

and the effective dielectric loses “eff = TaffB&::r (P — the polarization determined by Saw-
yer-Tower method, E — the amplitude of the measuring field, t@8err — effective dielectric loss

=5 .. . . . .
tangent ('l?a’&ff = quP), S — area of polarization loop, measured in the coordinates of digital
oscilloscope) in material at frequencies 0.1, 1 and 10Hz in wide range of temperatures of the
diffuse phase transaction.
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Figure 1 - Temperature-frequency dependence “aff - (a) and “sff - (b) for a multicomponent piezoceramic
material of this composition.

References

1. G.M. Akbaeva, [.N. Zakharchenko, V.Z. Borodin, E.I. Sitalo. Integrated Ferroelectrics. 58, 1403-1407 (2003)
2. A.V. Skrylev, A.l. Burkhanov, G.M. Akbaeva, A.E. Panich. Bulletin of the Russian Academy of Sciences:
Physics. 82(3), 372-374 (2018)

OAJ Materials and Devices, Vol 4 (1), 1506 (2019) — DOI: 10.23647/ca.md20191506
89



Evaluation of the Ionizing Radiation Effect on the
Viscoelastic Properties of Butyl Rubber Vulcanizates

S.L. Podvalnyl, S.G. Tikhomirovz, O.V. Karmanovaz, A A.
Khvostov3, A.V. Karmanov'

'Voronezh State Technical University, Moskovsky av., bldg.
14, Voronezh, 394026, Russia

*Voronezh State University of Engineering Technologies,
Revolution Av., bldg. 19, Voronezh, 394036, Russia

*Military =~ Educational ~ and  Scientific =~ Center ~ of the Air  Force
«N.E. Zhukovsky and Y.A. Gagarin Air Force Academy», Starykh Bolshevikov st.,
bldg. 54A, Voronezh, 394064, Russia

In accordance with the classification of polymers by the type of prevailing radiation-
chemical transformations, butyl rubber is mainly classified as destructible [1]. The radiation-
chemical yield of destruction is directly proportional to the dose of radiation and the molecu-
lar weight of the decomposition products. During the processing of rubber based on butyl
rubber with ionizing radiation, due to the occurrence of destruction processes, materials with
specified plasto-elastic properties can be obtained [2]. Adjustable destruction of polymers can
be achieved by establishing patterns and selecting the optimal process conditions in order to
obtain the final product with the necessary set of properties.

The aim of the study is to evaluate the effect of ionizing radiation on the viscoelastic
properties of butyl rubbers and to create a mathematical description of the radiation destruc-
tion process, which allows predicting the viscoelastic properties of the resulting reclaimed
rubber. The vulcanizates of butyl rubber, differing in the type of vulcanizing group and fillers,
were used as objects of study. The rubbers were irradiated at a Cobalt-60 source with doses of
20-100 kGy.

On the basis of an experimental study of the radiation destruction process of butyl rub-
ber using sol-gel method and viscometry, it was found that the destruction of vulcanizates
proceeds mainly along the main polymer chain. It is noted that with increasing dose, an inten-
sive decrease in the Mooney viscosity is observed with a simultaneous decrease in the gel
fraction.

A mathematical description of the dependence of the change in the viscoelastic proper-
ties of polymer compositions on the irradiation conditions in time is obtained. Using the
mathematical model, the dynamics of changes in the concentration of radicals as a function of
the absorbed dose was evaluated. It is shown that the rate of viscosity change with an increase
in the absorbed dose changes and tends to zero at the passage to the limit. The possibility of
determining the required radiation dose to achieve the required viscosity of elastomeric com-
positions has been established. Using the mathematical model, the kinetic parameters of de-
struction were evaluated as a function of the radiation dose of butyl rubber vulcanizates. The
proposed model of polymer destruction under the action of ionizing radiation of various doses
allows to predict their viscoelastic properties.
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One of the methods characterizing the properties of elastomers in a wide range of exter-
nal mechanical impact frequencies is elastomer relaxation spectrum. It can be obtained using
acoustic spectrometry methods. In practice large errors occur at the acoustic information
processing for calculating the elastomer relaxation spectrum by numerical methods used to
solve such problems. This is due to the fact that they (numerical methods) are based on the
calculation of the relaxation spectrum in the frequency range that overlaps the phase transition
zone, which is not always possible. In finding the relaxation spectrum by the acoustic spec-
trometry method, the frequency range is limited by the characteristics of the used ultrasonic
transducers [1].

Methods for determining the relaxation spectrum can be divided into graphical, ap-
proximate analytical, and more accurate numerical methods. A comparative analysis showed
that the numerical method of regularization is the most accurate, but in practice it is not appli-
cable in the limited frequency range [2].

A modification of the numerical regularization method in problems of estimating the re-
laxation spectra of polymers is proposed. It consists in solving Fredholm integral equations of
the first kind (1), and differs in applying extrapolation of experimental data based on a priori
information about the type of polymer and its relaxation spectrum, which allows to calculate
the spectrum from acoustic measurements.

G"(@) = jH(r)( j dr = Zg(r)(

where o is the frequency, 7 is the relaxation time, G"(w) is the loss modulus, g(z;) is the dis-
crete spectrum of relaxation times, » is the number of modes, H(7) is the continuous spectrum.

To test the proposed method, a computational experiment was performed using the log-
normal distribution function as an approximation of the relaxation spectrum. The results of
the experiments showed that using the method of ultrasonic spectrometry and extending the
interval with an extrapolation algorithm based on a priori information about the type of poly-
mer, it is possible to restore the spectrum of relaxation times with an acceptable error. In this
case, the error of the method largely depends on the choice of the extrapolating model.

Tj (e - Zg(r) 0

1
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In recent years, the tendency of using natural abundant materials for the synthesis of
advanced materials in general or electronics materials in particular has been considered as a
promising approach, for that nanocellulose (CsH,0¢), is expected to be intensively used in
the near future due to low-cost, high accessibility and environmental friendliness. In previous
studies, the composites prepared from triglycine sulfate (TGS) imbedded into a matrix of
nanoporous cellulose were synthesized and their electrophysical properties were studied quite
thoroughly. In these composites, the ferroelectric phase region of TGS was expanded due to
the strong interaction of hydrogen-containing TGS and cellulose through hydrogen bonds sys-
tem. Besides, several interesting anomalies of dielectric relaxation were also detected. How-
ever, a huge drawback of porous nanocomposites is related to difficulties in controlling the
content of ferroelectric inclusions, and therefore the effects of TGS content on properties of
these materials were not reported. Luckily, this issue can be solved in the case of mixed nano-
composites, the components of which are precisely determined at the first stage of preparation
process.

In this study, a novel ferroelectric composite consisting of triglycine sulfate (TGS) and
cellulose nanoparticles (NCCP) prepared from waste cotton was synthesized and character-
ized by various techniques as X-ray diffraction (XRD), Fourier Transform Infrared Spectros-
copy (FTIR) and Zetasizer analyzer. The study on electrophysical properties of the composite
samples at different weight composition ratios were performed from 25 to 120 °C under a
weak electric field with an amplitude of 1 V/cm at low and infra-low frequencies (10~ — 10°
Hz). The obtained results indicated that an increase in cellulose concentration in the compos-
ite led to increasing the phase transition temperature in TGS component from 3 to 63 °C
higher than those for single crystal TGS (+49 °C). This anomaly was related to the interaction
between TGS and cellulose nanoparticles through hydrogen bonds. Besides, at relatively high
mass content of TGS (> 70%), an additional peak of dielectric constant was observed at
higher temperature as compared to the lower-temperature one for the common ferroelectric
phase transition, presumably, due to thermoactivation and redistribution of so-called B-
centers in TGS. A significant dielectric dispersion detected at low and infra-low frequencies is
explained by Maxwell-Wagner-Sillars interfacial mechanism.
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