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History of the Seminar

he idea of scientific meetings of physicists involved in studies of ferroelectrics
in Poland and Czechoslovakia was born in the discussion between Bozena Hilczer
and Jan Fousek, the heads of the ferroelectrics groups in both countries at that time.
The regular meetings followed inevitably from the success of the first such event
in Blazejewko, Poland in 1979. As always, the Seminar was organized by collaborating
scientists from the Ferroelectrics Department of the Institute of Molecular Physics,
Polish Academy of Sciences and Dielectric Department of the Institute of Physics,
Czech Academy of Sciences.
e organize Seminars on Structural and Ferroelectric Phase Transitions,
by turn, in Poland and in Czechoslovakia (now Czech Republic) to intensify
the cooperation between the scientist of neighboring countries. We used to invite also
our colleagues from other countries who we were collaborating with. The Seminars are
the forum of presentation of recent results, unconstrained discussions and initiating
of common studies. Lectures on general physics are also a custom of these meetings.
The Seminars result not only in joint research and scientific integration but also
in close friendship.

Previous Seminars

I Blazejewko, Poland 1979
I Mélnik, Czechoslovakia 1980
III Kotobrzeg, Poland 1981
v Piesky, Czechoslovakia 1982
v Kozubnik, Poland 1983
VI Liberec, Czechoslovakia 1984
VII Karpacz, Poland 1986
VIII Senohraby, Czechoslovakia 1988
IX Poznan-Kiekrz, Poland 1990
X Paseky nad Jizerou, Czechoslovakia 1992
XI Paseky nad Jizerou, Czechoslovakia 1994
XII Jurata, Poland 1996
XIII Liblice, Czech Republic 1998
XIv Swinoujscie, Poland 2000
XV Neétiny, Czech Republic 2002
XVI Wierzba, Poland 2004
XVII Znojmo, Czech Republic 2006
XVIII Zakopane, Poland 2008
XIX Tel¢, Czech Republic 2010
XX Ustron, Poland 2012
XX1 Sezimovo I'Jsti, Czech Republic 2014
XXII Hucisko, Poland 2016
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Monday, May 16 Programme

15.00 - 18.00 | REGISTRATION

18.00 - 18.15 | OPENING - B. Andrzejewski
18.15 - 18.55 |J. Hlinka - Invited Lecture

Multiferroics: how to switch them?

19.00 - ......... GET TOGETHER PARTY
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Tuesday, May 17 Programme
8.00 -9.00 | BREAKFAST
9.00 - 940 | A. Bussmann-Holder - Invited Lecture
EuTiO,: a new route to achieve strong coupling multiferroicity
9.40 - 10.00 | V.V. Laguta
..é Magnetic resonance study of the spin-spin interaction in EuTiO,
<
N ’ qe
«» 10.00 -10.20 | R.J. Radwanski
": Magnetic phase transition in EuTiO, and SrMnO,
<
5 10.20 - 10.40 | E. Langenberg Pérez
£ Dielectric characterization of strained (Sr,,Ba, )MnO, epitaxial thin films
© in the perovskite phase
10.40 - 11.00 | F.G. Figueiras
Magnetoelectric effect enhanced by breaking the geometric magnetic
frustration in LuMn, ,0, 5
11.00 - 11.30 | COFFEE
11.30 - 12.10 | K. Szot - Invited Lecture
% Physics and chemistry at surfaces of model perovskite oxide
2
2 1210-1240 |K. Roleder - Key Lecture
8 Simple or not simple antiferroelectricity?
o
« 12.40-13.00 |I. Bobowska
'E‘ Synthesis of zinc titanate on the textured substrate
8=
g 13.00 - 13.30 | M. Pasciak - Key Lecture
Local structure and dynamics across the antiferroelectric phase
transition in PbZrO,
13.30 - 15.00 | LUNCH
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Tuesday, May 17 Programme
13.30 - 15.00 | LUNCH
% 15.00 - 15.40 | T. Kopp - Invited Lecture
g Metallic states at LaAlO,/SrTiO, interfaces
=
& 15.40-16.10 |J. Petzelt - Key Lecture
5 Broadband dielectric spectroscopy of inhomogeneous and composite
é weak conductors
E 16.10 - 16.30 | A. Molak
g Electric current relaxations in 0.96BiMnO,-0.04PbTiO, ceramics
annealed in N,
16.30 - 17.00 | COFFEE
17.00 - 17.20 | Z. Trybuta

Chairman - W. Schranz

17.20 - 17.40

Coexistence of the relaxor-like and ferroelectric behavior in K, Li TaO,

A. Naberezhnov
Multiscale local ordering in uniaxial relaxor Sr, Ba, Nb,O,

17.40 - 18.00 | T. Sebastian

Flexible ferroelectric hybrid fibres for soft body shape sensing
18.00 - 18.20 | O. Koleva

Mixed valence influence on the structure of transition metal oxides
19.00 - 20.00 | DINNER
20.00 - ........... POSTER SESSION
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Wednesday, May 18 Programme
8.00-9.00 |BREAKFAST
9.00 - 940 | B. Dabrowski - Invited Lecture
Multiferroelectricity of corner-shared network of manganese and oxygen
9.40 - 10.00 | V. Goian
Demonstration of spin-phonon coupling in infrared, THz spectra and
:% microwave permittivity of Sr, Ba Mn, Ti O, cermics and Sr,Ba, MnO,
T thin films
g 10.00 -10.20 | T.T. Carvalho
g Role of La and Mn substitution on structure and electric properties
:g of bismuth ferrite
o
10.20 - 10.40 | P. Marton
Development of Landau potential for BiFeO,
10.40 - 11.00 | J. Kaczkowski
First-principles study of high-pressure phase of BiGaO,
11.00 - 11.30 | COFFEE
11.30 - 12.10 | S. Kamba - Invited Lecture
g Soft modes in improper ferroelectrics and multiferroics
& .
5 12.10 - 12.40 |J. Pokorny - Key Lecture
< Polarized Raman scattering on bismuth ferrite
g 12.40-13.00 | K. Chybczynska
E High temperature dielectric response in size scaled BiFeO,
5 13.00 - 13.20 | A. Wypych-Puszkarz

Synthesis and dielectric investigations of BaTi,O, obtained by soft
chemistry route

13.20 - 15.00

LUNCH
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Wednesday, May 18 Programme
13.20 - 15.00 | LUNCH
15.00 - 15.40 | Ch. Simon - Invited Lecture
é Neutron scattering in multiferroics: the example of YMnO,
)
(]
® 15.40-16.10 |P.Fouquet - Key Lecture
é Investigations of phase transitions on the nanometer scale by neutron
g spin echo spectroscopy
L]
g 16.10 - 16.30 | M. Kempa
Softening of elastic constants in relaxor PZN-8% PT by inelastic neutron
scattering
16.30 - 17.00 | COFFEE
17.00 - 17.20 | P. Eawniczak
Universal features of conductivity spectra in some crystalline protonic
conductors
17.20 - 17.30 | M. Belyanchikov
Single-particle and collective states of water molecules in the matrix
of beryl crystal lattice: experiment and theory
-
g 17.30-17.40 |R. Vilarinho
E Magnetoelectric mechanisms of slightly B-site doped TbMnO,
M 17.40 - 17.50 |I. Rafalovskyi
g Macroscopic lamellar heterophase pattern in Pb(Mg, ;Nb, ;)O,-PbTiO,
£ single crystals
:;.g
O 17.50-18.00 [I. Niezgoda

18.00 - 18.10

18.10 - 18.20

Ester derivatives of 4-pentyl-4-hydroxyazobenzene - synthesis
and characterization

S. Skiadopoulou

Magnetoelectric spin excitations in multiferroic Ni,;TeO,

L. Lindner
Kinetics of phase transition in (NH,) H,(SeO,),

GRILL PARTY



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

Thursday, May 19 Programme
8.00 - 9.00 | BREAKFAST
9.00 - 940 | A. Kholkin - Invited Lecture
o Self-assembled peptides: structure, properties, applications
]
£  9.40-10.00 | M. Rok
g Structure and tunneling of methyl groups in molecular complexes
c.) containing 2-methylpyrazine, 2,3,5-trimethylpyrazine and organic acids
=]
<
g 10.00 - 10.20 | A. Piecha-Bisiorek
:g Multiferroicity in organic molecular-ionic salt
o
10.20 - 10.40 | M. Zdanowska-Fraczek
Electric conductivity and proton dynamics in superionic (NH,), H,(SeO,),
10.40 - 11.10 | COFFEE
11.10 - 12.50 | K. Gallo - Invited Lecture
% Ferroelectric domain structuring for photonic applications
]
& 12,50 - 12.20 | T. Sluka - Key Lecture
I~ Charged domain walls in ferroelectrics
g
§ 1220-12.40 |P.S. Bednyakov
.:.& Ultraviolet light induced formation of charged domain walls
=
©  12.40-13.00 | V. Stepkova

Ising lines: natural topological defects within ferroelectric Bloch walls

13.00 - 14.30

LUNCH
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Thursday, May 19 Programme

13.00 - 14.30 | LUNCH

14.30 - 20.00 | EXCURSION

20.00 - 21.00 | DINNER
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Friday, May 20 Programme
8.00-9.00 |BREAKFAST
9.00 - 9.30 | R. Swietlik - Key Lecture
Charge ordering and charge fluctuations in molecular conductors
9.30 - 9.50 [ A.V.Emelyanenko
Structure, elasticity and phase transitions in liquid crystals with
« deformations
E.
> 9.50-10.10 |Z.Galewski
P: 4'-(4-ethoxyazobenzene) alkanoates. Synthesis, mesomorphism
N. and trans-cis-trans isomerisations
=]
<
E 10.10-1030 |V.Bovtun
:}_5. Broadband dielectric spectroscopy of BaTiO,-PbMg,;Nb, .0, ceramics
o

10.30 - 10.50

10.50 - 11.10

1. Gregora
Hyper-Raman scattering in quest for A, phonons in orthorhombic
PbZrO,

S. Krylova

Temperature Raman scattering study of BBN ceramics

11.10 - 11.30

COFFEE

£ 1130-1150 |L Jankowska-Sumara
_g Phase transitions in PbZr,,,Sn,,,0, single crystals studied by Raman
S spectroscopy
=
g 11.50-1210 |F.Kadlec
E Spin and lattice excitations in the room-temperature magnetoelectric
E (Ba,,Sr,);Co,Fe,, 0, with Z-type hexaferrite structure
Y  1210-12.20 | CLOSING
12.20 - 13.30 | LUNCH

10
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P1

P2

P3

P4

P5

Pé6

P8

P9

P10

P11

P12

P13

P14

P15

P16

POSTERS

M. Adamczyk-Habrajska
Dielectric and semiconductor properties of (Ba, ;Pb, ) TiO, ceramics doped with glass
in the range of phase transition

A. Almeida
Structure and physical properties of Ca, ,Sr,Mn.O,,

A. Bubnov
New smart liquid crystalline polymethacrylates highly photosensitive in a broad spectral
range

A. Bubnov
Self-assembling photosensitive materials as functional dopants for organic photovoltaic cells

R. Bujakiewicz-Koronska
X-ray characterization of Co doped tetragonal BaTiO, ceramics

J. Dec
Optical quasi-biaxiality of relaxor strontium-barium niobate single crystals

Z. Docekalova
Predicted infrared spectra of PZO phonons

J. Drahokoupil
Phase transition in multiferroic Ni-Mn-Ga single crystal

E.M. Dutkiewicz
Phase transition, thermal, Raman and dielectric characteristics of lead-free
(1-x)Na, ;Bi, ;TiO,-xSrTiO, (x=0, 0.08 and 0.1) ceramics

J. Fabry
Suggestion of the extension of the defintion of a chemical reaction

S. Fedyk
Antiferromagnets and ferrimagnets in high magnetic fields

B. Garbarz-Glos
Dielectric properties of potassium-sodium niobate ceramics at low frequencies

M. Glogarova
Frustrated smectic liquid crystalline phases in lactic acid derivatives

W. Gluchowski
Mechanical properties and superconducting nanostructures of Cu-Ag and Cu-Nb thin wires

A. Hilczer
Structure and magnetic properties of Nd and Al codoped SrFe,,0,,

S. Kamba
Broad-band dielectric response of 0.5Ba(Ti, 4Zr, ,)0;-0.5(Ba, ,Ca, ;) TiO, ceramics: soft and
central mode behavior

1
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POSTERS

P17 M. Karpierz
Effects of PbTiO, doping on electric properties of Na, ;Bi, ;TiO, ceramics

P18 A. Kli¢

Dielectric properties of stratified polydomain BiFeO,

P19 K. Konieczny
Electrical and thermal properties of Na, ,Li NbO, (x = 0.08, 0.1, and 0.2) ceramics near the
morphotropic phase boundary

P20 L. Kozielski
Double hysteresis loop in BaTiO,-based ferroelectric ceramics prepared by high energy milling

P21 W. Kuczynski
The influence of the dye concentration on the liquid crystals’ order parameter <P,>

P22 A. Leonarska
Structural, electric and Mossbauer studies of 5% Fe - doped BiMnOs

P23 U. Lewczuk
Dielectric and ferroelectric properties of NBT-BT systems

P24 E. Markiewicz
Dielectric and magnetic properties of BiFeO,-PVDF nanocomposites

P25 A. Naberezhnov
Ferroelectric nanocomposites on base of magnetic porous glasses

P26 D.M. Nalecz
The crystal field effects in hexagonal 4H-SrMnO,

P27 D. Nicheva
Synthesis and structure studies of Ni,Co, O,

P28 A. Nikolaienko
The creation of static atomic displacement waves in irradiated T1InS, crystals

P29 V. Novotna
Liquid crystalline derivatives with terphenyl molecular core and lactic acid unit as chiral
moiety

P30 K. Nowicka
Physical properties of prepared liquid crystal mixtures forming the blue phases

P31 D. Nuzhnyy
Effective dielectric function of BaTiO,-NiO nano-composites

P32 P. Ondrejkovic
Polarization fluctuations in SBN single crystals

P33 Cz. Pawlaczyk
Universality of conductivity spectra in superprotonic (NH,),H(SO,), single crystal

12
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POSTERS

P34 A. Pawlowski
Impedance spectroscopy study of (NH,),H(SeO,),: evidence of increase in lattice disorder
in the low temperature phases

P35 P. Perkowski
Dielectric properties of new fluorinated compounds exhibiting ferro- and antiferroelectric
phases

P36 J. Piecha

Structural and electrical features induced by leaching procedures on LiNbO, crystalline
powder samples

P37 M. Pilch
Influence of thermal treatment on properties of BiMnO, ceramics

P38 K. Pogorzelec-Glaser
Spectral investigations of proton conducting material (IMD),SeO,-2H,0

P39 M. Potomska
XRD, Raman and magnetic studies of Bi, ,La,FeO, solid solution obtained by
mechanochemical synthesis

P 40 J.K. Prytys
Flexible crystals of perovskite-like coordination polymers with tunable and switchable organic
guest

P41 S. Puchberger
Avalanche critical exponents in nanoporous systems under compression

P42 K. Pytel
Basic characterization and standard dielectric measurements on PLZT x/65/35 ceramics based
on correlation coefficients

P43 S.A. Rozanski
Dynamics of collective modes in ferroelectric liquid crystal gels

P44 I. Rychetsky
Relationship between dielectric and elastic properties of the porous ceramics

P45 M. Savinov
Broadband dielectric spectroscopy of the non-relaxor PbFe, ,Ta, ,0, ceramics

P46 W. Schranz
On the behaviour of liquids and polymers in nano-confinement

P47 D.V. Shmeliova
Orientational fluctuations and phase transitions in 8CB confined by cylindrical pores of PET
film

P48 D. Sitko

Effect of uniaxial stress on the dielectric properties of BaTiO;+0.1%Eu ceramics

13
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POSTERS

P49 Z. Slavkova
High temperature study of LiNaSO,

P50 J. Suchanicz
Dielectric, thermal and Raman properties of lead-free (Na, ;Bi, ;), ,Sr,TiO, (x=0, 0.04 and 0.06)
ceramics

P51 I. Szafraniak-Wiza
Physical properties of nanosized Ba, ,Ca,TiO, solid-solid solution obtained by
mechanochemical synthesis

P52 I. Szafraniak-Wiza
Preparation and properties of Bi,TiNbO, obtained by conventional solid state reaction and
mechanochemical synthesis

P53 A. Szeremeta
Electrical properties of epoxy-glue / BiMnO, composite

P54 M. Trybus
Phase transition in triglycine sulphate under dynamic stimulation

P55 M. Wojciechowska
Isomorphous structural phase transition and properties of new diisobutylamine-based
molecular-ionic salt

P56 M.B. Zapart
Phase transformations of KSc(WO,),: domain structure and X-ray studies

P57 W. Zapart
Optical studies of the ferroelastic phase transitions in KFe(MoO,),

P58 |V Zelezny
Infrared spectroscopy of strained BaTiO,/SrTiO, superlattices on DyScO, substrates

P59 J. Agostinho Moreira
Experimental evidence of a twofold order-disorder structural phase transition sequence in
perovskite-like [(CH,),NH,][Mn(HCOO),]

14
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LECTURES
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INVITED LECTURE

MULTIFERROICS: HOW TO SWITCH THEM?

J. Hlinka
Institute of Physics, The Czech Academy of Sciences, Na Slovance 2, 182 21 Prague 8, Czech Republic
hlinka@fzu.cz

Multiferroic materials are currently often considered among the top research topics in the field of the
structural and magnetic phase transitions. In the past, the term multiferroic was often used to indicate
simultaneous presence of two or more primary spontaneous quantities, conjugated to the electric,
magnetic or stress field. Hans Schmidt, one of the pioneer of the field of the magnetoelectric crystal
properties, proposed to extend the list of such primary ferroics by including also ferrotoroidics, materials
with spontaneous magnetic toroidal moment [1]. This immediately suggests that the so-called ferroxial
materials, with spontaneous electric toroidal moment [2] are equally eligible as primary ferroics, too.
Actually, definitions adopted in the International tables of crystallography generalized the original Aizu
definition in a way that the ferroic phase simply means the low-symmetry phase, resulting from any kind
of phase transition, associated with the point group symmetry-breaking.

Whatever definition we adhere to, the multiferroics of all kinds are around us. The more exotic order
parameters are involved, the more intriguing can be the issue of the domain switching. We wish to discuss
the usual attitudes to the symmetry breaking in material science and to provide few simple ideas that can
be useful to deal with properties of structurally complex ferroelectric, antiferroelectric or multiferroic
single crystal materials. We shall also argue that the signature of the proper ferroelectric Bloch wall
is an emergent chirality, i.e. the chirality that appear as a consequence of a continuous symmetry-breaking
transition within the wall [3,4].

References

[1] Schmid H: On Ferrotoroidics and Electrotoridic, Magnetotoroidic and Piezotoroidic Effects. Ferroelectrics
2001;252:41

[2] Hlinka J: Phase-field modelling of 1800 “Bloch walls” in rhombohedral BaTiO,. Phys. Rev. Lett. 2014;113:165502
[3] Stepkova V, Marton P and Hlinka J: Stress-induced phase transition in ferroelectric domain walls of BaTiO;. J. Phys.:
Condens. Matter 2012;24:212201

[4] Hlinka J, Stepkova V, Marton P and Ondrejkovic P: Ferroelectric domain walls and their intersections in phase-field
simulations. In: Seidel J, eds. Topological structures in ferroic materials. Switzerland: Springer International Publishing;
2016;161
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INVITED LECTURE

EuTiO,: A NEW ROUTE TO ACHIEVE STRONG COUPLING
MULTIFERROICITY

A. Bussmann-Holder
Max-Planck-Institute for Solid State Research, Heisenbergstr. 1, D-70569 Stuttgart, Germany
a.bussmann-holder@fkf.mpg.de

Multiferroic materials with combined polar, magnetic, and elastic orderings are at the forefront
of scientific research in view of their complex interactive couplings: magnetic order can be tuned by strain
and an electric field, polar order can be triggered by a magnetic field and strain, and elastic properties are
controlled by a magnetic and/or an electric field. Such materials are desirable for multiple applications.
Even though the phenomenon of multiferroicity has been predicted long ago [1], its realization
remains rare for rather simple reasons: typically polar order is achieved when a transition metal dO
configuration is combined with highly polarizable anions, whereas magnetic order relies on a finite dn
configuration. Obviously these two requirements yield a certain incompatibility for the coexistence of
the two phenomena which have been tried to overcome by combining magnetic layers with polar ones,
by growing composites, and via strain engineering [2,3]. Even though a rather large number of materials
have been shown to exhibit the desired properties, the coupling between magnetic and polar order is either
very weak, or the spontaneous polarization/magnetization appears at low temperature only and remains
too small to be of technological interest. Here we propose a new strategy to achieve strong magnetic-
polar coupling by deriving the soft mode frequency of EuTiO; as a function of its lattice parameter
which exhibits unusual, yet very small temperature dependencies at high and low temperatures [4,5].
Specifically we develop a route of how to induce ferroelectric order in bulk EuTiO; (ETO) by combining
experimental results with theoretical concepts. We show that marginal changes in the lattice parameter
of the order of 0.01% have a more than 1000% effect on the transverse optic soft mode of ETO and thus
easily induce a ferroelectric instability [6].

References

[1] Smolenskii GA, Isupov VA, & Agronovskaya Al, Sov. Phys Solid State, 1, 149 (1959)

[2] Erenstein W, Mathur ND, & Scott JF, Nature 422, 759-765 (2006)

[3] Ramesh R, & Spaldin NA, Nature Materials 6, 21 (2007)

[4] Reuvekamp PG, Kremer RK, Kéhler J, & Bussmann-Holder A, Phys. Rev. B 90, 094420 (2014)

[5] Reuvekamp PG, Kremer RK, Kéhler J, & Bussmann-Holder A, Phys. Rev. B 90, 104105 (2014)

[6] Reuvekamp PG, Caslin K, Guguchia G, Keller H, Kremer RK, Simon A, Kohler J, and Bussmann-Holder A, J. Phys.:
Cond. Mat. 27, 262201 (2015)
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MAGNETIC RESONANCE STUDY OF THE SPIN-SPIN
INTERACTION IN EuTiO,

V.V. Laguta', S. Kamba', B. Andrzejewski?, M. Kachlik®, K. Maca®, J.H. Lee* and D.G. Schlom*
!Institute of Physics ASCR, Na Slovance 2, 18221 Prague 8, Czech Republic
’Institute of Molecular Physics PAS, Smoluchowskiego 17, 60-179 Pozna#, Poland
’Brno University of Technology, Technicka 2, 61669 Brno, Czech Republic
“Cornell University, Ithaca, New York, 14853-1501, USA
laguta@fzu.cz

EuTiO, is a frequently investigated material in the last decade due to the discovery of relatively
strong magnetoelectric (ME) effect below the antiferromagnetic (AFM) phase transition temperature
Ty~ 5.4 K, where the dielectric permittivity decreases almost 5% on cooling below Ty and increases 7%
with rising magnetic field [1]. It is an incipient ferroelectric, like SrTiO, because quantum fluctuations
suppress possible ferroelectric phase transition at low temperature. However, recently, it was found
that both ferroelectric and ferromagnetic order can be induced by biaxial strain in thin EuTiO; films
[2] that opens a new route for construction of novel multiferroic nanostructures with a strong ME
coupling. There are numerous studies on this material in the form of ceramics, crystals and thin films
grown on different substrates (see e.g. [1-4]). In particular, ceramic samples of EuTiO, were also studied
by electron paramagnetic resonance [3], but only in the paramagnetic phase down to about 50 K.
To the best of our knowledge, this material was never studied using conventional magnetic resonance
technique in the magnetically ordered phase, especially in the form of thin film.

In this work we present a detailed study of the magnetic resonance spectra in EuTiO; bulk samples
and 100 nm thickness epitaxial film grown on DyScO; substrate in wide temperature region from 350
down to 3 K at microwave frequencies 9.2 - 9.8 and 34 GHz. We have found that in the paramagnetic phase
magnetic resonance spectra are determined by magnetic dipole and exchange interactions between Eu?*
spins. In film, the large contribution from demagnetization field is presented. From analysis of linewidth
and its temperature dependence, the parameters of spin-spin interactions were determined: the exchange
frequency is 15 - 15.5 GHz and the estimated critical exponent of the spin correlation length is = 0.5.
The spectra show distinct minimum in the linewidth at the Neel temperature Ty~ 5.4 K while the
resonance field practically does not change even with cooling far below this temperature indicating a small
magnetic anisotropy ~320 G. The magnetic resonance spectrum in film is split into several components
due to excitation of the magnetostatic modes corresponding to non-uniform precession of magnetization.
The film shows aged effect that results in increase of crystal structure imperfections and decrease of the
sublattice magnetization to 450 emu/cm?® or 5.5 uB/unit cell.

References

[1] T. Katsufuji and H. Takagi: Coupling between magnetism and dielectric properties in quantum paraelectric EuTiO;.
Phys. Rev. B 2001;64:054415

[2] J.H. Lee, et al.: A strong ferroelectric ferromagnet created by means of spin-lattice coupling. Nature 2010;466:954.
[3] Z. Guguchia, et al.: Tuning the structural instability of SrTiO; by Eu doping: The phase diagram of Sr, Eu,TiO;.
Phys. Rev. B 2012;85:134113

[4] J.L.M. van Mechelen, et al.: Spin resonance in EuTiO; probed by time-domain GHz ellipsometry. Phys. Rev. Lett.
2011;106:217601

The support of the Czech Science Foundation under project No. 13-11473S is gratefully acknowledged.
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MAGNETIC PHASE TRANSITION IN EuTiO, AND SrMnO,

R.J. Radwanski'?, Z. Ropka® and D.M. Nalecz'
!Institute of Physics, Pedagogical University, ul. Podchorazych 2, 30-084 Krakow, Poland
2Center of Solid State Physics, S" Filip 5, PL-31150 Krakow, Poland
sfradwan@cyf-kr.edu.pl

Perovskites are known to form the biggest group of ferroelectrics. Here BaTiO;, CaTiO,, SrTiO,, PbTiO,,
LiNbO; can be mentioned. All of these compounds can be regarded as having only core closed electronic
shells.

In this contribution we would like to analyze magnetic phase transitions in EuTiO, and in SrMnO,.
In these perovskite oxides there are magnetically active ions, Eu and Mn, which have an incomplete
3d shell. They exhibit the magnetic order at 5.5 K [1] and 233 - 286 K (depending on the polymorh type)
[2,3], respectively.

The detailed specific-heat measurements presented in Ref. 1 allows for unambiguous determination
of the entropy related with the magnetic phase transition owing to the low temperature of the transition
- then the lattice contribution is small. The Eu** and Mn*" ions are somehow similar in the respect that in
the magnetic phase transition practically only spin degree of freedom are released. We have calculated
temperature dependence of the specific heat including A-type peak [4] and of the low-energy atomic-like
electronic structure at the sub-meV energy scale. In the magnetic state there exists the discrete atomic-like
electronic structure at the 0.05 meV scale. Our studies establish that the realized valency of the Eu*
and Mn*" in these oxides is exactly the same as the formal valency. We compare the derived molecular
field acting on the Eu?>" and Mn*" ion with exchange parameters J, and J,, derived in Ref. 6.
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The possibility of controlling the magnetization (polarization) by an electric (magnetic) field in materials
displaying ferroelectric and magnetic order in the same phase, so-called multiferroic materials, has
triggered great amount of research in the last few years. However, very few of them have been proved
to show strong magnetoelectric coupling, mainly due to the different mechanisms of ferroelectricity
and magnetism in these compounds. Exception can be found, though, in perovskite AMnO, system
(A = Ca, Sr, Ba), in which Mn*" is expected to be able to drive both the magnetic order and the required
non-centrosymmetric distortion for ferroelectric order. Yet ferroelectricity is allowed in this system,
solely, when the unit cell volume is large enough to promote Mn off-centring [1], which may be achieved
by using increasingly larger A cation, as partially replacing Sr with Ba [2], or artificially expanding
the lattice parameters by epitaxial strain engineering [3]. However, increasing the size of the A-cation
destabilizes the perovskite structure, becoming different non-ferroelectric hexagonal polymorphs
the ground state phase [4].

Epitaxial (Sr,,Ba,)MnO, thin films, Ba content ranging 0.2 < x < 0.5, were grown by pulsed laser
deposition onto a wide variety of different (001)-oriented perovskite substrates spanning a misfit strain
from 0% to 4%. X-ray diffraction measurements show that the perovskite phase is stabilized over the
non-ferroelectric hexagonal phase and that the films grow fully coherent on the perovskite substrates [5].
Electrical measurements based on impedance spectroscopy have been performed to assess the dielectric
properties of (Sr, ,Ba,)MnO; films as a function of Ba-content and epitaxial strain, covering a wide range
in this 2D phase diagram. Impedance spectroscopy methods allow disentangling extrinsic contributions
to the measured capacitance and to extract the temperature dependence of the intrinsic dielectric
and resistive properties of the strained films [6]. Results show that a pronounced dielectric anomaly
appears above room temperature when either strain or Ba-content is increased, which we ascribed
to the enhancement of the polar character of the films.
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A comprehensive insight of the structural and properties effects due to controlled off-stoichiometry
in the LuMn,,,05.; (z = -0.02; 8 ~ 0) hexagonal manganite is supported by Neutron Powder Diffraction
measurements confirming single phase hexagonal structure and exposing, below Ty.,~90 K, a pertinent
ferromagnetic component which breaks the archetypal geometrical frustrated antiferromagnetic state
ascribed for the utter LuMnO; compound [1]. The evaluated triangular disposition of spins prompts
an electric polarization contribution [2] and a clear enhancement the magnetoelectric effect [3]. In addition,
Raman spectroscopy, dielectric, pyroelectric and magnetic measurements as function of temperature
enabled to recognize intrinsic interaction between structural, transport and magnetic contributions, well

above Néel transition.

Fig. 1. Diagram of the basal plane of the LuMnO, and the local disturbance prompt by a Mn vacancy in the
antiferromagnetic geometric frustration.
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The surface of ABO; crystals with perovskite structure constitutes, just like in other solids, a native
boundary between the crystal and its surroundings. When the surface of the crystals is created
as an effect of natural growth, cutting, polishing, or etching the translational perfection of the bulk as well
its electronic properties, the lattice dynamics, the transport properties (e.g., electrical, thermal, diffusion)
are modified at the surface. In most cases, the surfaces of ternary oxides are prepared ex situ. Therefore,
this preparation step leads to a dissonance between the interpretation of the properties of a “clean” surface
(generated via in situ treatment) versus the understanding of properties of a “dirty” (ex situ prepared)
real surface layer. In fact, additional layer(s) of physisorbates and chemisorbates do not only modify
the physical properties of the “dirty” (contaminated) layer but the interaction of the surface with the
environment can even induce a change of the chemical composition of the surface layer [1]. Without
doubt, the most massive transformation on the surface layer of ABO; oxides with perovskite structure
can be introduced by so-called redox reactions [1,2]. Driving forces for such reactions are: low oxygen
partial pressure (vacuum, reduction gases) and elevated temperature. In particular the high concentration
of the extended defects in the surface layer (surface region), which can act as an easy transport paths for
ions, can “accelerate” the restructuring of the outer part of the crystal [1,3]. Irradiations of the surface
under vacuum conditions with photons, electrons, or ions can cause a similar change of the oxidation state
of the transition metal ions as the redox reactions. It is surprising that a seemingly harmless deposition
of metallic electrodes can induce, via transfer of a huge momentum of metal atoms (cluster) on ions in the
surface layer (especially oxygen ions), an effect similar to reduction and segregation. In my lecture I will
show that the details of the physical and chemical nature of the surface layer, which has been introduced
as a concept by Kénzing [4] in the 1950s (so-called surface skin of BaTiO,), can be now better understood
using the modern surface sensitive techniques on the atomic scale.
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In spite of over 60 years of investigations concerning antiferroelectricity in oxidic perovskites ABO;,
it cannot be claimed that we fully understand the phase transition mechanisms leading to this state. Lead
zirconate PbZrO, belongs to the so called classical (simple) aniferroelectrics, and has been intensively
studied in the last few years [1-4]. Experiments have been made on the purest crystal we had to now.
These experiments have proved that the Curie-Weiss law is not fulfilled in wide temperature range. It was
also established that above T, there is the temperature T, below which fluctuations of local polarity starts
appearing. Moreover, inside the (T - Tg;;) range there is a temperature point below which permanent polar
regions exist and grow up while approaching to transition point.

All the statements above are in favour of not so simple mechanism leading to antiferroelectric order.
It would not have been considered, if earlier investigations on so-called pre-transitional phenomena
in BaTiO, [5] and SrTiO; [6,7] had not been detected. While the static and birefringent micro-regions were
visible above T in BaTiO,, which is entirely ferroelectric below T, considerably different behaviour
was observed in the case of SrTiO,, in which precursor effects are related to long wavelength and zone
boundary acoustic modes instabilities, and exist even 60 K above transition point.
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Zinc titanates attract the attention because of their importance in practical applications. ZnTiO,
is commonly known as low-temperature sintering dielectrics [1]. In coating form this compound is a good
candidate as solid lubricant at high temperatures up to 550 °C [2]. Zn,TiO, is used as high temperature
regenerable catalyst and sorbent of sulphur from coal gasification products as well as it may also
be applied as photocatalyst in water splitting or organic compounds degradation. Annealing of the
ZnO-TiO, system leads to one or more of the known phases: Zn,Ti;Oq that is metastable low-temperature
form of ZnTiO, with a cubic defect spinel structure; zinc methatitanate ZnTiO; with rhombohedral
ilmenite structure; zinc orthotitanate Zn,TiO, with a cubic spinel crystal structure [3]. The crystal structure
of zinc titanate and presence of impurities like ZnO and TiO, is determined by Zn:Ti ratio and sintering
conditions. Typically, zinc titanate can be prepared by ball milling of ZnO and TiO, powder and subsequent
sintering. Obtained product can be in a powder form or self-supporting plate. The ball-milling process
is intended to mix reagents and mechanically activate the surface of adjacent grains. The milling is not
necessary when chemical methods are applied, such as sol-gel or Pechini process, that ensure molecular
mixing of reactants, but thermal treatment is still required in order to crystallize zinc titanate phase.
Mentioned methods do not allow to control texture of growing phases. It was reported, that the texture
of ZnTiO, layers, obtained via atomic layer deposition, can influence their mechanical properties [2].
Here we propose a utilization of textured ZnO substrate as a precursor of zinc titanate layers. The main
aim of the present study was to synthesize layers of zinc titanate by thermal treatment of nanocomposite
of ZnO nanorods coated with layered tetramethylammonium titanate (LTMAT). The ZnO nanorod arrays
were obtained by chemical bath deposition method [4]. The LTMAT was prepared according to Ohya
et al. [5] and used as water soluble TiO, precursor. The layers of ZnO nanorods/LTMAT were subjected
to heat treatment. Phase composition after sintering was analyzed using X-ray diffraction method whereas
microstructure analysis was performed via scanning electron microscope.
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The principles of antiferroelectric (AFE) phase transitions have been recently explored in studies
concerning critical behaviour of PbZrO, (PZO). Two different explanations for simultaneous freezing
of three lattice modes leading to AFE phase have been offered, putting accents either on the primary role
of the ferroelectric soft mode [1] or on the trilinear coupling of all distortions [2]. Additionally, some
precursor phenomena and an intermediate phase have been identified, indicating rich local structural
phenomena accompanying the transition. This has been further confirmed in our recent works [4,5] where
we have concentrated on the structured diffuse scattering coming from local distortions in cubic PZO.
An ab-initio based shell model has been developed to help us analyzing the data and allow an insight into
the dynamical characteristic of the observed features. We identify effects related to different modes and
track their changes across the phase transition. The results are discussed in the broader context of other
lead containing perovskites, especially relaxor ferroelectrics.
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Fig. 1. Diffuse scattering on the #k0.5 reciprocal plane in the cubic phase of PZO comprising features related
to correlated shifts of Pb atoms (intense blobs) as well as octahedra tilting (weak but sharp lines).
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Breaking the translation or inversion symmetry at surfaces and interfaces may lead to the formation
of charge, spin and orbital electronic states which do not exist in the bulk. The emergence of these states
is particularly relevant for oxides where the balance of competing interactions and the resulting stable
electronic phase crucially depend on the local oxidation state near the interface. A prominent example
is the interface of LaAlO,/SrTiO, (LAO/STO). The formation of a metallic state at the interface of the
band insulators LAO and STO has become a prototype for the reconstruction of electronic states which
exhibit a variety of phenomena such as negative compressibility, superconductivity, and magnetism.
The metallic states have been investigated by tuning the charge carrier concentration with transverse
electric fields.
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In this review we will discuss broadband dielectric spectroscopy from mHz up to near infrared range
(103 - 10" Hz, i.e. up to 18 orders of magnitude in frequency) mainly in materials with inhomogeneous
but weak conductivity, including conductor-dielectric nanocomposites. Our discussion is based on the
effective medium approach (EMA) [1] and mainly experiments based on this approach are reviewed.
The advantages of EMA models compared to frequently used approaches based on electrical equivalent
circuits are discussed. The EMA enables to separate additively the response of percolated parts, which
are not influenced by the depolarizing field, and nonpercolated parts, which are variously influenced
by the depolarizing field depending on the topology and shapes of individual homogeneous parts
[2,3]. We shall separately discuss core-shell composites, in which the cores are not percolated at all,
and normal composites with a possible percolation of the conductor component resulting in smeared
or sharp percolation threshold of the DC conductivity and diverging static permittivity in the latter case.
In the case of conductor core - dielectric shell the percolation is approached for the shell thickness
approaching zero, connected with the diverging static permittivity (barrier-layer capacitors, giant
permittivity effects). The sharp percolation threshold can be modelled by the well-known Bruggeman
EMA model (with the percolation threshold of 1/3 for spheres) or by general effective medium approach
with arbitrary percolation threshold and arbitrary critical exponents of the DC conductivity and static
permittivity [4]. The best model for smeared percolation threshold with complex topology and shapes
of components appears to be the general Lichtenecker model with positive exponent o allowing
for partial percolation of both components for any composition [2,3,5]. Finally, numerous papers reporting
negative low-frequency permittivity in weakly conducting materials are discussed and it is concluded
to be spurious effects due to artifacts of improper measurements or inappropriate measurements
technique [6].
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The 0.96BiMnO;-0.04PbTiO, ceramics were sintered at 1170 K in ambient air from non-polar bismuth
manganite [ 1] and ferroelectric lead titanate [2] components. The ceramics consists of two centrosymmetric
phases: orthorhombic Pbmn and a sillenite cubic /23 [1]. SEM analysis exhibited irregular polyhedron-
type shapes of the ceramics grain. Non-homogeneous chemical composition was determined [3].
The samples were annealed in nitrogen N, flow at 1120 K. The electric impedance was measured for
f =100 Hz - 1 MHz in the 100 - 650 K range. It was analysed with use of electric modulus M”(T,f)
formalism [4,5]. Two relaxation processes occurred in the as-sintered BiMnO,-PbTiO; ceramics [1,6].
One process, which shown characteristic time value 1,,~ 10" s and activation energy E,, = 0.15 eV,
occurred in 110 - 220 K range. Next process occurred in 10 - 300 K range and it shown 1y, = 103s
and E_,= 0.39 eV. The third process appeared in 290 - 400 K range. It was enhanced after annealing
in N, and it exhibited 7,5~ 10"*s and E,;= 0.5 - 0.6 eV. The dc resistivity p,(T) shows semiconductor
features in 200 - 750 K range. The variable range hopping of small polaron mechanism of conductivity
occurred below room temperature. The annealing induced a slight increase in py, value and in value
E,4.= 0.4 - 0.6 eV. The structural disorder varied due to the annealing [3]. Hence, the electric features
were affected by the annealing in nitrogen.
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The potassium tantalate crystal KTaO, belongs to the perovskite family of the general formula ABO,
(A=Ba, K, Sr, Ca; B=Ti, Ta). This class of materials are still important because of a broad range of physical
properties: relaxor, ferroic, multiferroic [1] or even superconducting behavior [2]. Nominally pure, so call
quantum paraelectric or incipient ferroelectric potassium tantalate KTaO;, has polar soft TO, transverse
optic mode, which is stabilized by the zero- point quantum fluctuations of atoms and thus prevents the
softening of TO,, and do not exhibit ferroelectric phase transition down to a very low temperatures,
experimentally to 0.003 K, and remain in the paraelectric cubic phase [3]. KTaO; has a highly polarizable
lattice and is sensitive to impurities and defects [1]. Recently, evidence of polar nanoregions (PNRs) in
nominally pure KTaO; crystals [4], and a strain-induced ferroelectric order in epitaxial thin film of KTaO,
[5] have been reported. A particular attention is paid to the lithium-doped potassium tantalate K,  Li TaO,,
a very complex polar system. In the case of x < 0.02, a relaxor or glass-like behavior is realized, while
in the concentration higher that x > 0.02 a ferroelectric order appears [6]. The results of low temperature
linear y,” as well as nonlinear y,’and y;’electric susceptibility and polarization P measurements of the
K,,Li,TaO, are presented. The linear and nonlinear electric response was measured at frequencies
30 < f < 3x10°Hz in a gas-flow helium cryostat at temperatures range 4.5 < T < 300 K using a self-
constructed susceptometer [7]. A discussion concerns the nature of PNRs, mechanism of ferroelectricity
and coexistence of relaxor-like and ferroelectric behavior in the solid solution K, Li,TaO,
will be presented.

Acknowledgments
This work was supported by the Polish National Center of Sciences (NCN) under Grant N N202 237740.

References

[1] Samara GA: The relaxational properties of compositionally disordered ABO; perovskites. J. Phys.: Condens. Matter
2003;15:R367

[2] Edge JM, Kedem Y, Aschauer U, Spaldin NA and Balatsky AV: Quantum Critical Origin of the Superconducting
Dome in SrTiO;. Phys. Rev. Lett. 2015;115:247002

[3] Barrett JH: Dielectric Constant in Perovskite Type Crystals. Phys. Rev. 1952;86:118

[4] Trybuta Z, Miga S, Lo$ Sz, Trybuta M and Dec J: Evidence of polar nanoregions in quantum paraelectric KTaOs.
Solid State Comm. 2015;209-210:23

[5] Tyunina SM, Narkilahti J, Plekh M, Oja R, Nieminen RM, Dejneka A and Trepakov V: Evidenc for Strain-Induced
Ferroelectric Order in Epitaxial Thin-Film KTaO,. Phys. Rev. Lett. 2010;104:227601

[6] Kleemann W, Kiitz S and Rytz D: Cluster Glass and Domain State Properties of KTaO, Li. Europhys. Lett. 1987;4:239
[7] Miga S, Dec J and Kleemann W: Computer-controlled susceptometer for investigating the linear and non-linear
dielectric response. Rev. Sci. Instrum. 2007;78:033902

29



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

MULTISCALE LOCAL ORDERING IN UNIAXIAL RELAXOR Sr, Ba, ,Nb,O,

A. Bosak', A. Naberezhnov*?, S. Vakhrushev>*, P. Vanina® and S. Borisov?
!European Synchrotron Radiation Facility, Grenoble, France
’loffe Institute, St. Petersburg, Russia
3Peter the Great Saint-Petersburg Polytechnic University, St. Petersburg, Russia
alex.nabereznov@mail.ioffe.ru

The structure and diffuse scattering in Sr,(Ba,,Nb,O; (SBN60) single crystal have been studied
by X-ray diffraction and neutron scattering in the temperature diapason 290-420 K. At high temperature
we have observed the intensive critical scattering in a vicinity of (002) Bragg point. This scattering
is described as a sum of two components: the first one corresponds to the Ornstein-Zernike correlation
function (lorentzian) and the second input described by lorentzian in square corresponds to the scattering
by nanodomains. From temperature dependence of critical scattering we have obtained the temperature
dependence of inversed correlation length «(T), estimated T, (340.5(12) K) and calculated the critical
exponents v = 0.66(2) and y = 1.33(17). Below T, we have observed a “freezing” of the correlation
length & = 13(2) nm) (Fig.1). It means that below T. SBN60 does not transform into an ordered state.
The distribution of diffuse scattering at room temperature in the planes (H K 0), (H K 1/2), (H K 1),
(HK 2),(HOL)and (H H L) have been studied by synchrotron radiation. It is shown that there are
two different types of diffuse scatterings. For example (Fig. 2a) the intensity distribution near the point
(6.31 6.31 0.5) is described by lorentzian in square with two different correlation length: &,,~ 10 nm and
&y~ 15 nm. On other hand in the plane of reciprocal space with integer L (Fig. 2b) we have observed the
peaks consisted of two components: the fairly narrow elastic Bragg peak and the broad diffuse scattering
with lorentzian lineshape. For this scattering we have obtained the second set of correlation lengths:
E@, o~ 3 nm along [110] direction and £?;,, ~ 25 nm along [001].
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Fig. 2. Lineshapes of peaks in the positions: (a) - (6.31 6.31 0.5), (b) - (50 2).
So the study of SBN60 structure at room temperature have revealed the coexistence of two different types
of local ordering with different correlation lengths and different forms of correlation functions.

This work was supported by the Russian Science Foundation (project Ne 14-22-00136).

30



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

FLEXIBLE FERROELECTRIC HYBRID FIBERS
FOR SOFT BODY SHAPE SENSING

T. Sebastian, T. Lusiola, T. Graule and F. Clemens
Empa - Swiss Federal Laboratories for Materials Science and Technology,
Laboratory for High Performance Ceramics, Uberlandstrasse 129, CH-8600 Diibendorf, Switzerland
tutu.sebastian@empa.ch

Piezoelectric fibers are widely investigated for the fabrication of flexible composites especially active
fiber composites (AFC’s), which consists of unidirectonal axially aligned PZT fibers sandwiched between
interdigitated electrodes and embedded in a polymer matrix. However, due to the brittle nature of PZT
fibers, maximum strain is limited to 0.3% and cannot be integrated into flexible sensor applications.
A good example showing its limitation is while attaching to a curved surface, due to the pre-strain,
maximum strain will be significantly reduced [1].

In this contribution, a new approach to achieve flexible one dimensional piezoelectric structures
is investigated. Piezoelectric particles incorporated in a polymer matrix and extruded as fiber, 0-3
composite in fibrous form have been studied. Commercially obtained calcined PZT and calcined
BaTiO, powders were used in the unsintered form to obtain flexible soft condensed matter ferroelectric
hybrid fibers. The extruded fibers were subjected to investigation for their electromechanical behavior
as a function of electric field. The hybrid fibers reached 10% of the maximum strain and polarisation
of dense ferroelectric ceramic fibers.
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The well-being of the modern society requires continuous increase of the energy demand. This point,
combined with the gradual exhaustion of fossil fuels and the fact that their use is accompanied by release
of a big amount of noxious gases, requires urgent development of sustainable alternative energy sources
and storage. The solid oxide fuel cells (SOFCs) are a forward-looking approach since they can operate
reversibly, storing excess renewable electricity in electrolysis mode, and then converting the fuel back
to electricity in fuel cell mode [1].

Cost and long-term durability remain significant challenges to more extensive SOFC commercialization.
An effective approach to cost reduction is the lowering of the operating temperature without inferring
performance losses [2]. Recently an innovative concept, called dual membrane fuel cell (dmFC)
was introduced [3-4]. It combines the advantages and bypasses the disadvantages of both SOFC
and proton conducting fuel cell (PCFC) in respect to the effect of the water, introducing a separate
chamber for its formation and evacuation. The most promising approach in SOFC optimization is the
development of new materials with high mixed ionic (protonic and oxide ion) conductivity at lower
operating temperatures. A good strategy is the formation of cation-offstoichiometric materials where
the charge imbalance caused by the cation non-stoichiometry is compensated by protons. Phosphates
are among the materials that receive much attention due to the high thermal conductivity, low melting
and softening temperature [5]. Incorporation of transition metal ions (e.g. V) produces new pathways
for proton mobility by modification and deformation of the structure.

The present study concerns novel mixed transition oxide (TiO,),(V,05),(P,05) 0.y (X =5 - 20 mol.% and
y=30-70 mol.%) materials. The samples are synthesized and characterized structurally by means of XRD
diffraction, IR and XPS spectroscopic techniques. The two of the samples were defined as semicrystalline
while the rest were found as completely amorphous. XPS analysis confirms both the transition of V
between two valence states: V#* and V*" and different oxygen environment. For all studied samples the
IR technique showed presence of VO groups and isolated PO,* structural units. The correlation between
the structure and the material behaviours are discussed in terms of composuition and valence influence.

References

[1]Gao Z.,Mogni L. V., Miller E. C., Railsback J. G., Barnett S., Energy Environ. Sci., 2016, DOI: 10.1039/C5EE03858H
[2] Barbucci A., Piccardo P., Carpanese M. P., Viviani M., Portable and Emergency Energy Sources, Prof. Marin Drinov
Publishing House, Sofia pp. 329 (2006)

[3] Vladikova D., Stoynov Z., Raikova G., Thorel A., Chesnaud A., Abreu J., Viviani M., Barbucci A., Presto S.,
Carpanese P., Electroch Acta 56 7955-7962 (2011)

[4] Stoynov Z., Vladikova D., Mladenova E., J Solid State Electrochem 17 2 555-560 (2013)

[5] Levstik A., Filipi¢ C., Bobnar V., Drnovsek S., Holc J., Kosec M., Physica B 405 4271-4273 (2010)

32



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016
INVITED LECTURE

MULTIFERROELECTRICITY OF CORNER-SHARED NETWORK OF
MANGANESE AND OXYGEN

B. Dabrowski', O. Chmaissem!, S. Kolesnik', V. Goian? and S. Kamba?
!Deptment of Physics, Northern Illinois University, DeKalb, IL, USA
’Institute of Physics, Academy of Sciences of the Czech Republic
bdabrowski@niu.edu

Multiferroics that exhibit simultaneous ferroelectric and magnetic orders are a topic of current intense
investigation both to understand how these two disparate order parameters interact and because of
the promising possibility of controlling the magnetic properties electronically and vice versa [1,2].
Type-Ilor ‘improper’ multiferroics exhibitstrongmagnetic-ferroelectric coupling, however, the ferroelectric
order parameter is more than two orders-of-magnitude smaller than robust nonmagnetic ferroelectrics
such as the prototypical Ba*Ti*"O, for which the hybridization of the occupied oxygen p orbitals
to the empty Ti d orbitals precludes the possibility of magnetic order. Type-I or ‘proper’ multiferroics
with robust displacive-type ferroelectric order are not only rare but also they typically exhibit disparate
ordering temperatures and very weak coupling between the order parameters. Recently new promising
multiferroics have been discovered with strong coupling. Our work on lightly substituted magnetic
Sr, ,Ba,MnO, materials synthesized with conventional fabrication techniques up to a maximum x of ~ 0.2
did not reveal ferroelectricity expected for tensile strain elongated Mn-O bonds [3]; however, expanding
the Ba concentrations to higher values (x > 0.45) succeeded in achieving robust ferroelectricity [4].
These ceramics exhibit unique ferroelectricity (T, > 300 K) and G-type antiferromagnetism (T ~ 200 K)
originating exclusively from the Mn*" (¢®) cations.

By advancing elaborate synthesis processes, which are necessary to avoid the more stable hexagonal
polymorphs, we were able to prepare and study structural, magnetic and ferroelectric properties [5,6]
of highly strained multiferroics for x = 0.4 - 0.45. The classical displacive-type ferroelectric phase occurs
with a polarization of several pC/cm? when the Mn ions move out of the center of the MnO, octahedral
units. The Mn spins order below Ty into a simple G-type magnetic structure while the ferroelectric order
decreases dramatically demonstrating that the two order parameters are strongly coupled. A spin gap
of 4.6(5) meV and the magnon density of states peaking at 43 meV characterize the ground state spin
dynamics. The ferroelectric phase transition has a signature of a crossover from displacive to order-
disorder type. The phonons are coupled with a central mode but contribution to €’ is rather small.
The lowest-frequency polar phonons are overdamped above Ty and they exhibit pronounced softening
on heating towards T,.

We have recently extended investigation of manganites to the Ti-substituted Sr, BaMn, Ti,O;
system for which ferroelectricity above 400 K and structural distortions characterizing polarization
significantly exceeding that of the classical titanates were observed. The Ty decreases to below 200 K
and the suppression of ferroelectricity below Ty is reduced, i.e., we achieved displacive-type multiferroic
with large spontaneous polarization. I will describe unique properties of these materials.
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Recent first principles calculations predicted a large spin-phonon coupling in various manganites,
chromides and ferrites with perovskite structure [1], so these materials can theoretically become new
multiferroics under strain or with appropriate doping.

In this work, we will focus on Sr, BaMn, TiO; (x = 0.5, 0.6 and y = 0.06, 0.1) perovskites where
we will demonstrate phonon anomalies near ferroelectric and antiferromagnetic phase transitions. Pure
SrMnO; crystallizes in cubic perovskite Pm3m crystal structure and exhibits magnetic phase transition
to antiferromagnetic G-type phase near 230 K [2]. Close to this temperature 23% hardening of the
lowest-frequency phonon was revealed in the IR spectra due to spin-phonon coupling [3]. Although
SrMnO; is paraelectric down to liquid He temperatures, recent first principles calculations predicted that
system can become ferroelectric and even ferromagnetic under a biaxial strain [4]. The strain-induced
ferroelectricity was not yet confirmed experimentally in StMnQO,, but Sakai et al. [5] expanded SrMnO,
lattice by Ba doping and successfully induced ferroelectricity in Sr, ,Ba,MnO; (x = 0.45) crystals with
T, =400 K and Néel temperature Ty, = 200 K. Important fact is that in this case the strong ferroelectricity
(Pg = 13 pC/cm?) is driven by displacement of magnetic Mn*" cations, so exceptionally strong
magnetoelectric coupling is expected.

Unfortunately, the conductivity influences the permittivity in MW and even THz range of Sr, ,Ba, ,MnO,
ceramics. Hopping conductivity can be strongly reduced by Ti doping. For that reason we investigated
Sr;,Ba,Mn, /Ti,O; where y = 0.06 and 0.1 and x = 0.6 and 0.5. Microwave permittivity and conductivity
is still influenced by hopping conductivity, but permittivity of Sr,,Ba, Mn,,,Ti,,O; exhibits a peak
at ferroelectric phase transition near 400 K. Ferroelectric phase transition is seen as well in phonon
permittivity obtained from the fits of THz and IR reflectivity spectra. Spin-phonon coupling is
manifested by the jump of THz permittivity near Ty. THz permittivity of Sr,,Ba, ,Mn,,Ti, (O, ceramics
was measured in external magnetic field up to 7 T. No change was surprisingly detected. It means,
the magnetodielectric effect is under resolution of our THz spectrometer despite of huge spin-phonon
coupling present in investigated ceramics.

In Sr, (Ba, ,MnO, thin film deposited on LSAT and TbScO; no ferroelectric phase transition was detected.
Spin-phonon coupling was revealed near Neel temperature only in the IR spectra of Sr,Ba,,MnO; film
grown on LSAT.
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Bismuth ferrite (BiFeO;) is a perovskite material, rich in properties and very attractive in the design
of new multifunctional devices within spintronics [1]. In this system the ferroelectric behavior is related
to the stereochemical activity of the Bi** lone pairs. A recent study combines symmetry arguments and
first-principles calculations to explore the connection between structural distortions and ferroelectricity
in the perovskite family of materials [2].

Some drawbacks limit the electronic applications such as low remnant polarization and weak
magnetoelectric coupling [3]. Different attempts have been made in order to overcome this limitation
such as the substitution of A-site and/or B-site of the perovskite lattice that improve electric behavior and
enhance magnetic properties.

Co-substitutions with lanthanum and manganese have been reported has an effective way to decrease
leakage current density and allow the presence of ferromagnetic behavior [4]. However it is necessary
to understand the role of each dopant on co-doped samples in order to “design” a multiferroic system with
improved electric and magnetic properties.

In this work we study the role of each dopant (La and Mn) on structural and magnetic properties of the
BFO. Our study focus on the low content co-doped samples, the 10% lanthanum content and 1 - 10%
of manganese content.

Lanthanum partial substitution alone or on codoping promotes the reduction of secondary phases.
Simultaneous substitution with lanthanum and manganese promotes a decrease of dielectric losses.
Detailed analyses of Raman spectra reveal A site disorder accompanied by a change in oxygen octahedral
in BLFM samples.
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BiFeO, is an extremely interesting multiferroic material with wide potential applications.
In its rhombohedral ground-state it has a large ferroelectric polarization of about 0.7 C/m?, which
is accompanied by strong shifts and tilts of oxygen octahedra. It is known from experiments and theory that
the ferroelectric domain walls in BiFeO, have interesting properties such as elevated electric conductivity
and others. Nevertheless, a trustworthy phenomenological model which would allow to take important
aspects of the local properties (ferroelectric polarization, oxygen tilts, deformation) into account and yet
enable to study properties of domain walls of different types and their interaction or even its dynamics
is, to our opinion, still missing, although there are already several publications of such potentials [1-3].
For this sake we present here our attempt to develop the Landau-type potential for BiFeO, based on first-
principles calculation. The obtained parametrization of the Landau potential is compared with those in
the aforementioned references.
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The first-principles total energy calculations of BiGaO, in different crystal phases under pressure up
to 20 GPa have been performed within generalized gradient approximation (GGA). The calculations
were done within projector-augmented wave method as implemented in VASP. The structural phase
transition appears at 3.5 GPa from pyroxene-like structure (paraelectric, Pcca space group) to perovskite-
like structure (ferroelectric, space group) [1]. This is consistent with experimental results [2]. At 5 GPa
coexistance of three ferroelectric phases (i.e. monoclinic Cm, tetragonal P4mm, and rhombohedral R3c)
have been found. At 7 GPa phase transition from rhombohedral R3¢ to orthorhombic Pnma phase have
been predicted. Calculated spontaneous polarization of ferroelectric phases are: 130 pC/cm? for Cm,
90 puC/em? for R3c, and 124 uC/cm? for P4mm.

AH [eV/fu]

P [GPa]

Fig. 1. Calculated enthalpy as a function of pressure for different phases of BiGaO,.
This work was supported by the National Science Centre (Poland) through the Grant no DEC-2011/01/B/ST3/02212.

References

[1] Kaczkowski J: Electronic structure and lattice dynamics of orthorhombic BiGaOs. J. Alloys Compd. 2014;613:175-
180

[2] Yusa H, Belik AA, Takayama-Muromachi E, Hirao N and Ohishi Y: High-pressure phase transitions in BiMO,
(M=Al, Ga, and In): In situ x-ray diffraction and Raman scattering experiments. Phys. Rev. B 2009;80:214103

37



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016
INVITED LECTURE

SOFT MODES IN IMPROPER FERROELECTRICS AND MULTIFERROICS

S. Kamba
Institute of Physics, Czech Academy of Sciences, Prague, Czech Republic
kamba@fzu.cz

In proper ferroelectrics, the large dielectric anomaly in permittivity €’(T) occurring at the Curie
temperature T is caused by softening of a polar optical phonon or by slowing down of a microwave
dielectric relaxation. Such soft modes drive ferroelectric phase transitions in BaTiO, or the type-I
multiferroics like PbFe,Nb, O, or strained EuTiO;. In improper ferroelectrics a multiplication of unit
cell occurs and only a small change of slope in &’(T) appears at T because ferroelectric soft mode
activates in IR spectra only below T. This behaviour we will demonstrate on BaMnO, and BiFeO; [1].
In the spin-order induced ferroelectrics (i.e. type-II multiferroelectrics), only small dielectric anomalies
are observed at ferroelectric T, because these materials belong to improper or pseudoproper ferroelectrics
(i.e., the order parameter is some other quantity than polarization). For the type-1I multiferroics with
noncollinear magnetic structure, Katsura, Balatsky and Nagaosa predicted already in 2007 that soft spin
waves hybridized with the electric polarization should drive the ferroelectric phase transitions [2]. These
spin waves can be called electromagnons, because they contribute to both dielectric permittivity and
magnetic permeability. Only last year, Niermann et al. [2] confirmed this prediction, having discovered
a critical slowing down of a Drude-like dielectric relaxation near the multiferroic phase transition
in MnWO,. The relaxation was observed in the microwave dielectric spectra only within 0.2 K above
T, because at higher temperatures the relaxation frequency hardens above 10 GHz and its dielectric
strength becomes negligible. This excitation was interpreted as the soft electromagnon which drives the
ferroelectric phase transition [3].

Similar small and narrow dielectric peaks at T, are known from most spin-induced ferroelectrics,
but they were never investigated using microwave dielectric spectroscopy in the vicinity of Tc.
Nevertheless, electromagnons were observed for most multiferroics with spiral magnetic structures in
their THz spectra. Thus, their frequencies are two or three orders of magnitude higher and we propose,
based on analogy with phonons in structurally modulated crystals, that they correspond to the amplitudon
component of the spin wave, whereas the soft microwave component is a phason component of the
electromagnon activated by the inverse Dzyaloshinskii-Moriya interaction. We will demonstrate this
behaviour in (Ba,Sr,);Co,Fe,,0,, crystallizing in the Z-type hexaferrite structure.

Another type of multiferroics with improper ferroelectric phase transitions is represented by orbital-
order driven ferroelectrics with the Jahn-Teller transitions. GaV,S; belong to this family and it undergoes
the ferroelectric and magnetic phase transitions at 44 K and 12.7 K. In its paraelectric phase,
an overdamped soft mode arising from coupled orbital and polar fluctuations was detected in the THz
region and its relaxation frequency drops by five orders of magnitude at the first order ferroelectric phase
transition. Another small hardening was detected at the magnetic phase transition, when Skyrmion lattice
appears [4].
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Bismuth ferrite (BiFeO;) is a prototypical multiferroic system with a coexistence of ferroelectric
and magnetic order at room temperature: it is ferroelectric up to T ~ 1100 K and antiferromagnetic
up to Ty ~ 640 K. At room temperature, BiFeO, exhibits a rhombohedrally distorted perovskite structure
with R3¢ symmetry. Its application potential is extended by the possibility of preparing various solid
solutions [1].

Characterization of polar phonon modes is essential for understanding dielectric and electromechanical
behaviour. In our previous work [2], we have determined the complete spectrum of BiFeO, polar modes.
The experiment also yielded a full directional dispersion of oblique mode. Morover, we have realized that
Raman back-scattering by the oblique modes can be used to determine the orientation of the rhombohedral
axis with respect to the sample surface. Our mode assignment [2] has been confirmed in several recent
works [3.,4].

Here we describe the polarization anisotropy of Raman scattering in BiFeO,. Among others, we show
how this information can be employed to complement the information from the directional dispersion
when analyzing grain interfaces and ferroelastic domain walls in this material.
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Ball-like flowers of BiFeO, (BFO) with petals/crystallites the thickness of which can be controlled within
100 - 300 nm were obtained by microwave assisted hydrothermal synthesis. Below 450 K the dielectric
response of ceramics made of the crystallites with mean thickness <D>= 160 nm and <D> = 260 nm was
found to be similar to that of nanoceramics prepared from mechanoechemically synthesized BFO [1].
A considerable increase in the dielectric permittivity observed above 450 K was found to be correlated
with the temperature variation of the electric conductivity. The dc contribution to the conductivity was
found to be characterized by activation energy of 1.73 eV for ceramics with <D> = 160 nm and 1.52 eV
for the ceramics with <D> = 260 nm which is higher than that for other BiFeO; nanoceramics (1.1 eV).
The increase in the activation energy we relate to interactions between oxygen vacancies and size scaled
ferroelectric/ferroelastic domain walls [2], which in BiFeO, are associated with electrostatic potential
steps [3]. We calculated that in the samples with mean crystallite thickness of 160 nm the distance
between domain walls is ~ 30% shorter than that in BFO with mean crystallite thickness of 260 nm [4].
Thus the activation energy of dc conductivity of BFO ceramics with thinner crystallites is higher since the
oxygen vacancies are pinned by higher density of ferroelectric/ferroelastic domain walls, which in BFO
are associated with potential step of 0.15 - 0.18 eV.
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Fig. 1. High-temperature o, conductivity versus reciprocal temperature (left), SEM images of BFO powder
with crystallites of mean thickness <D>= 160 nm and <D> = 260 nm.
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Materials with high dielectric permittivity are widely explored due to their importance in electronic
components such as capacitors, gate dielectrics, memories or power-storage devices. Barium titanate
in a form of BaTi,O, is TiO, rich compound in BaO-TiO, family, which is characterized by a high dielectric
constant (almost 40), good quality factor and low value of temperature coefficient [ 1]. Nowadays, the trend
of development is a miniaturization of components and thin layers synthesis so that ceramics obtained by
classical solid state route do not follow the actual requirements. From this reason many different methods
including e.g. chemical bath deposition, co-precipitation or sol-gel processes are applied and products
of their synthesis are carefully explored. These methods are classified as soft or wet chemistry routes
and have considerable advantages over conventional solid-state reactions, such as: better compositional
control, nano-sized precursor powders and resulting from it lower crystallization temperature, avoiding
the grinding step in synthesis procedure and possible contamination.

In this work barium titanate precursor was obtained from reaction of aqueous solution of titania
nanosheets, used as a source of titanium [2], and barium salt. Mixing both substrates in solution allows
their intimate blending and produces nanosized organic-inorganic precursor of barium titanate being
the precipitate of this reaction. The obtained barium titanate precursor were subjected to step sintering
and final products were investigated by: X-ray diffraction analysis, Raman and broadband dielectric
spectroscopies. Dielectric properties and microstructure of ceramic grains, as seen by scanning electron
microscopy, were carefully examined parallel to applied step sintering. It was found that with an increase
of sintering temperature the apparent density and dielectric constant (g) of ceramic pellets increase.
The rapid contraction of calcinated sample was found between temperature of 1000 °C and 1050 °C.
The dielectric constant of pellet was found to be equal 30 and 33, respectively. Further calcination, above
1100 °C, leads to the increase of dielectric constant (¢ = 38 + 39) that results from an increase of ceramic
pellet’s density and transformation of compound to titanate of different stoichiometry, i.e. Ba,Ti,O,.

References

[1] Carnea M, Chirtop E, Neacsu D, Pasuk I and Iordanescu S: Preparation of BaTi,O, from Oxalates. Journal of the
American Ceramic Society. 2002;85:499

[2] Ohya T, Nakayama A, Ban T, Ohya Y and Takahashi Y: Synthesis and characterization of halogen-free, transparent,
aqueous colloidal titanate solutions from titanium alkoxide. Chemistry of Materials. 2002;14:3082

Acknowledgements

This work was financially supported by National Science Center (Poland) grant awarded by decision No DEC-2011/03/D/
ST5/06074. Prof. J. Ulanski and dr I. Bobowska acknowledge financial support from the Foundation for Polish Science:
Programme Master No 9./2013.

41



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016
INVITED LECTURE

NEUTRON SCATTERING IN MULTIFERROICS: THE EXAMPLE OF YMnO,

Ch. Simon
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Multiferroics are for already a decade subject of intense activity, related to its possible applications
in magnetic recording. We performed different measurements, associated with Landau theory and
symmetry analysis, in order to clarify the situation of the YMnOj; system, a classical example of type
I multiferroics. We found that the only magnetic group compatible with all experimental data (neutron
scattering, magnetization, polarization, dielectric constant, second harmonic generation) is the P6(3)'
group. In this group a small ferromagnetic component along c is induced by the Dzyaloshinskii-Moriya
interaction, and observed here in magnetization measurements. We found that the ferromagnetic and
antiferromagnetic components can only be switched simultaneously, while the magnetic orders
are functions of the polarization square and therefore insensitive to its sign. This paper also proposes
the direct calculation of the microscopic contributions to the magneto-electric coupling, using ab initio
methods. The electrostrictive and the Dzyaloshinskii-Moriya contributions were evaluated individually.
In YMnO; the Dzyaloshinskii-Moriya contribution to the magneto-electric effect is three orders
of magnitude weaker than the electrostrictive contribution. These effects however, remain quite small.
The linear magneto-electric tensor is null due to the inter-layer symmetry operations.
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Fig. 1. Temperature dependence of the dielectric constant (right) compared to the amplitude of the 100
antiferromagnetic peak of neutron diffraction (left).
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Phase transitions in materials are often accompanied by dramatic changes of the mobility of the atoms
or the spin system. Diffusivities, for example, will change by several orders of magnitude within a few
degrees of the transition temperature. This makes the dynamics at phase transitions at the same time
highly exciting and experimentally challenging.

In this presentation, we will discuss merits and recent progress of a neutron spectroscopy technique that
is particularly well adapted to the study of dynamics at phase transitions because of its unique dynamic
range: neutron spin echo spectroscopy (NSE). NSE delivers space-time correlation functions for the
atomic positions and the spin system over six orders of magnitude from picoseconds to microseconds
(see Fig. 1). With this dynamic window, we have recently studied phase transitions in spin-glasses [1],
in multi-ferroics [2] and in structural glasses [3] as well as on surfaces [4]. We will present some of the
most intriguing examples from recent years. Finally, we will use this opportunity to present the recent
developments of the spin-echo spectrometers IN15 and WASP at the ILL, which will allow us to gain
several orders of magnitude in signal and resolution.
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Fig. 1. Dynamic window of the neutron spin-echo spectrometers at ILL.
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Relaxor ferroelectrics are well known, among all, for very high piezoelectric coefficients. There are
indications that these piezoelectric properties are related to giant softening of elastic constants, caused
by coupling between acoustic and relaxation modes [1]. The elastic constants exhibit their minimum
values around the phase transition (or the freezing temperature) which is most likely connected with
polar nanoscopic fluctuations in the material. In the case of the single crystal of Pb(Zn,;Nb,,)O, with
4.5%PbTiO, (PZN-4.5%PT), the C,,-C,, elastic constant was reported to change by 75% on cooling from
the paraelectric phase [2]. The technique employed therein, resonant ultrasound spectroscopy (RUS),
operates at frequencies below ~1 MHz, which from the viewpoint of phonon dispersion curves means
practically in the centre of the Brillouin zone (BZ).

Several inelastic neutron scattering studies in other relaxors reported only weak softening of acoustic
branches [e.g. 3.4], however in the region far from the BZ centre (f ~ 1 THz, q ~ 0.1 r.L.u.). In this
contribution we will present temperature dependence of transverse acoustic frequencies, corresponding
to C,,-C,,, measured on the morphotropic-phase-boundary single crystal of PZN-8%PT. The data were
collected on the newly build cold three axis spectrometer ThALES (ILL Grenoble) which allows to get
closer to the BZ centre (f <~ 200 GHz, q ~ 0.03 r.L.u.). The results, indicating rather moderate softening,
are discussed together with previously published data with respect to lattice dynamics and anharmonic
effects.
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One of the interesting features of most common disordered ion conductors, independently of differences
in their structure and type of ionic charge carriers, is universal frequency response of conductivity
spectra [1,2]. The first universality is a characteristic frequency dependence of the real part of electric
conductivity. Using a proper scalling method, it is possible to rescale such dependencies measured for
various temperatures to single curve. It refers to the thermally activated hopping mechanism of ionic
migration in microscopic scale. The second universality, often called Nearly Constant Loss, occurs
at sufficiently low temperatures of high frequencies, where translational movements of ions do not
contribute to dielectric loss.

Our previous results show that similar universal response can be observed at crystalline, hydrogen
bonded proton conductors [3,4]. Investigated material, benzimidazolium azelate, belongs to the family
of materials comprised of organic dicarboxylic acids and heterocyclic molecules (i.e. imidazole,
1,2,4-triazole, benzimidazole). They have a layer type structure with hydrogen bond network between
acid and heterocyclic molecules, which clearly enables proton migration in layers [4,5].

This contribution is dedicated to present studies of universal conductivity response in crystalline protonic
conductors, which undergoes a phase transitions from low to higher, superprotonic, conductivity phase.
The dynamics of proton migration changes significantly at the transition temperature T,. The object
of invastigations are well-known superprotonic crystals, (NH,),H(SO,), and Rb,H(SeO,),. Former
crystal undergoes superprotonic phase transition at ~413 K, while the latter undergoes phase transitions
at ~453 K. The measurements were made using impedance spectroscopy method in the frequency range
10 Hz - 3 GHz.

Comparison of conductivity spectra of superprotonic conductors (with superionic phase transition) and
“normal” protonic conductors (without phase transition) show similar universal features as common solid
state ionic conductors.
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An array of separate water molecules that are located within a periodical matrix of sub-nanometer-sized
pores formed by the ions of hexagonal crystal lattice of a beryl is an excellent system for spectroscopic
investigations of single-particle and collective states of dipole-dipole coupled H,O molecules. Here
caged water molecules are trapped in either of two orientations of their dipoles: type I or II, which
refer to directions perpendicular to or parallel with the hexagonal crystallographic c-axis, respectively.
Using dielectric spectroscopy, we have detected, on the background of phonon lines, a rich and strongly
anisotropic set of absorption resonances caused exclusively by the water subsystem [1-3]. The resonance
absorptions in the infrared range were preliminarily assigned to librational and translational modes
of caged H,0 molecules. The origin of the temperature unstable excitation at terahertz frequencies
remained unclear. In this contribution, we discuss the nature of the observed absorption spectra. By using
the density functional theory (DFT) approach, we demonstrate, on a quantitative level, that the infrared
resonances are related to librational and rotational motions of separate type-1 and type-II water molecules.
We further extend the mean-field model of Nakajima and Naya [4] to the case of a 6-well potential
experienced by the rotating/librating dipoles. Based on the developed model, we associate the terahertz
excitation with the ferroelectric soft mode that is connected with the onset of incipient ferroelectricity
within the network of caged water molecules.
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TbMnO; is a well-known multiferroic. Its phase sequence can be summarized as follows: At Ty =41 K,
it undergoes a phase transition into a incommensurate antiferromagnetic phase, with a longitudinal spin
density wave propagating along the a-axis, using Pbnm. Below Tlock = 27 K, a commensurate cycloidal
magnetic order in the bc-plane stabilizes, and a spontaneous polarization emerges along the c-axis,
according to the Dzyaloshinskii-Moriya mechanism [1]. At T, = 7 K, the Tb*" spins order independently
from the Mn** ones [1].
Recently it has been shown that the inclusion of magnetic non-active Jahn-Teller cations (Co*', Cr*,
Fe*') in the B-site of TbMnO;, even in small concentrations (x < 0.1), induces substantial changes of its
physical properties [2]. These studies however have been mainly focused on the effect on the magnetism,
and only few on the ferroelectricity and magnetoelectric coupling, which still deserve attention since
the interpretation of the experimental results through the role played by the eg-orbital electrons
is controversial [2,3].
This work aims at unraveling the effect of Fe** substitution, up to x = 0.05, in the magnetic, ferroelectric
and magnetoelectric properties of the TbMn, Fe O, system as a function of both temperature and
applied magnetic fields, up to 9 T. A strong decrease of the polarization with increasing Fe** substitution
is observed. However, within the stability range, a significant increase of the magnetic sensitivity
of the polarization is obtained. Above 4% of Fe-concentration, a non-polar, weak ferromagnetic
antiferromagnetic phase emerges, in good agreement with the predictions of the Dzyaloshinskii-Moriya
model. The results reveal the crucial effect of Fe** substitution, and are discussed in the scope of available
theoretical framework, understood as a consequence of the competition between ferromagnetic and
antiferromagnetic interactions, very sensitive to both local fields and distortions [3].
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Fig. 1. Relative polarization of TbMn,_ Fe O;, 0 <x < 0.05, as a function of magnetic field.
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Crystalline solid solution Pb(Mg,;Nb,;)O;-PbTiO; (PMN-PT) is a promising material
for electromechanical sensor and actuator applications [1-3]. Here we describe lamellar heterostructures,
observed in PMN-xPT single crystals with x = 0.32. Such structures can be obtained while cooling under
bias electric field applied along pseudocubic direction, and then zero-field heating to the temperature
close to the depoling temperature TRT. The same lamellar configuration can be obtained even at ambient
conditions. These structures were investigated by polarized micro-Raman measurements in details,
showing that these lamellar structures are composed of tetragonal-like and rhombohedral-like layers [4].
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Fig. 1. Micro-Raman study of the stripe pattern of a PMN-0.32PT single crystal prepared by ZFHaFC process.
(a) Cross-polarized [z(xy)z] Raman spectrum of a PMN-0.32PT single crystal taken from spots (A) and (B)
within dark and light stripes, respectively. (b) Map of the 1780/1270 ratio of the cross-polarized Raman
scattering intensities recorded at 780 and 270 cm™ reveals the stripe pattern. (The edges of the imaged area
areparallel to the pseudocubic crystal axes and to the sample edges as well.)
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Azobenzene derivatives are very interesting materials because of their photosensitivity [1] but also due
to possible rich liquid-crystalline polymorphism [2]. Because of the above described optical properties
azo compounds can be applied in many branches of the modern technologies [3].
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Fig. 1. Chemical structure of synthesized and investigated homologues series of azobenzene derivatives.

Aim of this research was synthesis and characterization of full homologues series (which consist
of 19 compounds) of 4-pentyl-4-hydroxyazobenzene alkanotes. During the characterization process
liquid crystalline and photoizomerization studies were conducted. Synthesized materials exhibit very
interesting and rich mesomorphism, which was investigated by the use of POM (polarized optical
microscopy), TOA (thermos-optical analysis), DSC (differential scanning calorimetry) and XRD (X-Ray
diffraction) studies. Moreover, the kinetics of the trans-cis trans isomerization process was explored by
the use of UV-Vis spectroscopy. Obtained results gave an important insight to the correlation between the
length of the ester chain and observed properties of our materials.
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Ni,TeO, presents a collinear antiferromagnetic order below 52 K, giving rise to spin-induced-
ferroelectricity. Among the spin-order driven multiferroics, only Ni,TeO, exhibits non-hysteretic colossal
magnetoelectric effect near 8.5 T and 52 T, where spin-flop and metamagnetic phase transitions occur,
respectively [1,2]. The lack of hysteretic behavior in the magnetic field dependence of magnetization and
dielectric constant precludes losses for a series of magnetoelectric applications.

In the current work, we investigated the spin and lattice excitations of Ni;TeO, ceramics and single
crystals. Infrared, time-domain THz and Raman spectroscopy experiments were conducted for
a temperature range of 5 to 300 K. Time-domain THz spectroscopy at external magnetic field was carried
out at selected temperatures below and close to the antiferromagnetic phase transition. The THz spectra
revealed dynamic magnetoelectric coupling, i.e. tuning of THz spectra with magnetic field. Simultaneous
infrared and Raman active spin excitations correspond to electromagnons, highly sensitive on magnetic
field (Fig. 1).
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Fig. 1. (a) Raman and (b) THz spectra of Ni;TeO, ceramics revealing two simultaneously detected spin
excitations.
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Hydrogen sulfate and selenate family crystals with general formula M(H(XO,) ., (M=K, Rb, Cs, NH,,
X=8, Se) exhibit high protonic conductivity in superprotonic phase. This characteristic phase transition
is accompanied by an increase in the conductivity by a few (1-3) orders of magnitude. One of the reasons
for the appearance of superionic phases is the formation of a disordered hydrogen-bond network in these
structures. We carried out research on better understanding of the mechanism that control the formation
of high conductivity phases.

This study is devoted to a deeper understanding of the factors that control the formation of the high
conductive phase in the (NH,),H,(SeO,), proton conductor. The kinetics study results of pressure induced
transformation to superionic phase in (NH,),H,(SeO,); crystal are also presented. The crystal undergoes
superionic phase transition at T, =378 K.

The effect of hydrostatic pressure on proton conductivity in (NH,),H,(SeO,), superionic crystal has
been studied at a wide temperature range and different isobaric conditions by means of impedance
spectroscopy method. The obtained pressure-temperature phase diagram up to 550 MPa is linear with
increasing pressure.

At ambient pressure phase transition from low conductivity phase with space group P-1 and superprotonic
R3m exist at T, = 378 K. Impedance spectroscopy studies of electrical conductivity versus time were
performed in a single (NH,),H,(SeO,), crystal at different pressure values up to 360 MPa and temperatures
T =347.3 K and 352.3 K. It was found that the conductivity value increases when the pressure increases
and the activation volumes determined from the pressure dependence of the electrical conductivity are
always negative. The sluggish solid-solid transformation from low conducting to superionic phase was
induced at 302 MPa pressure and T = 352.3 K temperature. It has been established that the kinetics of this
transformation can be described by the Avrami model with the effective Avrami index value of about 4
which corresponds to the classical value associated with homogeneous nucleation and three-dimensional
growth of a new phase.
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Recently, short aromatic peptides have attracted significant interest because they can spontaneously form
fascinating discrete and well-ordered structures at the nanoscale: nanotubes, nanospheres, nanofibrils,
and hydrogels [1]. Peptide nanotubes (PNTs) based on diphenylalanine (FF) possess unique biological
and physical properties such as inherent biocompatibility, high aspect ratio, remarkably rigid structure
useful for many technological applications [2]. Strong piezoelectricity found recently in FF PNTs
adds a new important functionality required for the development of biologically compatible sensors,
actuators and micromechanical systems [3]. Piezoefect was found to be surprisingly stable as a function
of temperature and applied electric field [4] being strongly anisotropic [5] and size dependent [3]. Higher
chemical reactivity of PNTs as compared to carbon nanotubes (CNTs) or silicon nanowires makes it easier
to carry out their modification with receptor molecules, and more versatile synthesis protocols, whereby
a variety of novel biomedical devices can be produced. Recent advances in the growth process [6] have
allowed studying other functional properties such as pyroelectricity and photoluminescence [7]. Multiple
piezoelectric resonances were observed in PNTs thus proving there attractiveness for future generation
of chemical sensors and biosensors [8]. In this presentation, apparent ferroelectric and piezoelectric
properties of PNTs will be mainly discussed based on the nanoscale piezoelectric measurements, Raman
spectroscopy, and dielectric relaxation focusing on the nature of the phase transitions and origin of polar
state in this technologically important material.
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Recently a great interest of researches has been focused on organic materials exhibiting semiconducting
or ferroelectric properties. In investigated materials the hydrogen bonds play a crucial role. Their
electrical properties seem to be a result of the proton dynamics in the strong or medium hydrogen
bonds formed between the base and acid molecules. In the adducts of simple amines with organic acids,
the conventional strong O—H-*N or N-H--O hydrogen bonds are responsible for the infinitive chains
formation. Furthermore, in a designing of the novel organic materials with the desired electrical or optical
properties not only a forecast of the strength of hydrogen bonds is important but also unconventional
C-H-X and aromatic n-n stacking interactions should be considered. From our view point, the methyl
derivatives of pyrazine are intriguing precursor for molecular complexes, where the influence of the weak
hydrogen bonds on the material properties evoke great interest [1]. The molecular complex formation in
the solid state substantially changes the symmetry of the molecule. Moreover, changes in the environment
of methyl groups affect their dynamics. The parameters of the methyl (-CH,) group rotational potential
may be a probe of both the charge transfer phenomenon and the local contacts in the crystal. In our
opinion, the techniques of the inelastic neutron scattering have a particular significance in determination
of the methyl group dynamics, which will be highlighted in this report.
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Fig. 1. Tunneling results for (a) 2MP-CLA and (b) TMP-BRA complex at several temperatures in the energy
range £20 and +15 peV, respectively [2].
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The occurrence of ferroelectricity in the ‘small-molecule’ organic compounds has been known for almost
a century. However, none of the previously obtained materials exhibited as good dielectric parameters,
e.g. stable spontaneous polarization, as the inorganic oxide materials of the perovskite type (e.g BaTiO,).
Rich variety of useful physical properties of those compounds such as ferroelectricity, superconductivity,
luminescence to name just a few, make them presently one of the most utilized groups of inorganic
compounds.

Recent developments in the search for new, environment-friendly ferroelectrics have led to the discovery
of very promising single- and two-components polar materials, which can compete successfully with the
above mentioned inorganic compounds. The first of those materials, croconic acid, whose ferroelectric
properties have been studied by S. Horiuchi et al., shows the highest value of spontaneous polarization
among all pure organic molecules (ca. 20 pC/cm?) [1]. Other two-component organic ferroelectrics,
diisopropylammonium chloride (DIPAC) [2] and diisopropylammonium bromide (DIPAB) [3.4],
belong to the group of molecular-ionic compounds and their parameters (especially for DIPAB) turned
out particularly interesting. The DIPAB is characterized by an extremely high value of the spontaneous
polarization (23 pC/cm?), a high Curie temperature (426 K), a high dielectric constant, small dielectric
losses and a low coercivity field.

A number of the newly synthesized materials show a symmetry-induced coupling of ferroelectricity
to a macroscopic strain. The materials fall, thus, into the category of multiferroics, in the instance
ferroelectric and ferroelastic. In most cases the spontaneous strain is a secondary order parameter.
In this note, however, we present a new material in which the elastic degrees of freedom seem to play the
essential role giving rise to a domain pattern resembling that of martensitic phase transitions, whereas the
ferrolectricity appears as a side effect [5].
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Metal-organic frameworks (MOFs) have opened up new possibilities to achieve hybrid materials with
a rich variety of functional and even multifunctional properties [1]. Among them, the dense MOF, with
formula [(CH,),NH,][M(HCOO),] (with M** = Mn*, Fe*, Co*" and Ni*"), exhibits perovskite ABX;
architecture (where A=[(CH,),NH,]", B=M?", X =HCOO") and interesting physical properties, combining
structural flexibility, good stability, low density and cooperative magnetic and electrical properties, which
may be coupled together. Among these compounds, [(CH,),NH,][Mn(HCOO),] has been extensively
studied, as this material exhibits a structural phase transition at T.= 185 K, and a magnetic transition
at Ty = 8.5 K [2]. The structural phase transition occurring at T is associated with the freezing of the
rotations of the (CH,;),NH, molecule, placed in the A-site cavities of the Mn(HCOO), framework.
The freezing of the dimethylammonium molecule is a consequence of the establishment of hydrogen
bonds between the (CH,),NH, and HCOO units. This freezing process has been associated with the loss
of inversion center required for the stabilization of a ferroelectric phase, though of an improper character.
In this contribution, we report an experimental study of the phase sequence in [(CH;),NH,][Mn(HCOO),]
single crystals, through dielectric and Raman spectroscopies. The softening of a relaxation mode evidences
the order-disorder nature of the structural phase transition at T... A detailed analysis of the Raman bands
assigned to NH,, COOH and CH, vibrations modes gives strong evidence for a twofold order-disorder
structural phase sequence in this compound, associated with the establishment of hydrogen bonds
at T.= 185 K and T, = 165 K. Moreover, the ferroelectric nature of the low temperature phases
will be discussed.
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(NH,),H,(SeO,), (abbreviated as TAHSe) belongs to a hydrogen sulfates and selenates family crystals
with general formula M H/(XO,):,» (M=K, Rb, Cs, NH4, X=S, Se) which exhibit high protonic
conductivity in superprotonic phase. The crystal undergoes a superionic phase transition at T,= 378 K.
The transition is accompanied by an increase of the conductivity by more than three orders of magnitude
and above T, the conductivity is isotropic and characterized by low activation energy of 0.27 eV. It was
suggested that the phase transition is related to order or disorder of SeO,H™' or NH," ions however, these
ions dynamics is still discussed. After the slow heating-cooling cycle a great thermal hysteresis of the
conductivity is observed with AT, ~ 30 K.

Our interest of this particular system has been stimulated by recent kinetic studies performed in our
laboratory. In present contribution the dynamical properties of NH," ions have been examined due to see
which role, if any, they play in superionic phase transition observed in this material. We report the detailed
experimental studies concerning the crystal electrical and dynamical properties. The electric conductivity
measurements of the (NH,),H,(SeO,), crystal in high temperatures, above 260 K up to 400 K, were
carried out by means of impedance spectroscopy. Independently, especially the dynamics of the NH,*
cations as well as the local proton motion have been studied by means of 'H solid-state NMR performed
in a wide range of temperatures. The results of both methods have been correlated and gave evidence that
the orientational disorder of NH, tetrahedra is responsible for the fast proton conductivity.

On the basis of obtained results the following conclusions can be drawn: the change in the electric
properties of (NH,),H,(SeO,); from an insulator to a superionic conductor is accompanied by changes
in the anionic structure [1-3] i.e. from trimers formed by three SeO, tetrahedra linked with two short
hydrogen bonds to dimers, which leads to reorganization of hydrogen bond network and consequently
to changes in the NH," cation sublattice dynamic from the ordered to the disordered state. The process is
accompanied by a chemical exchange of protons and proton diffusion within the hydrogen bond system.
The NH," cations diffuse above T,=378 K in the bulk of the crystal, in superionic phase.

The form of the 'H NMR signal, as well as the line width and second and fourth moment of the line was
considered in the time scale at constant temperature due to yield information on the low conducting phase
recovery process. The possible conduction process scenario is proposed and discussed.
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Nonlinear optics has been the main driver for the convergence of ferroelectric science and optics
on LiNbO, materials [1-2]. In such crystals, the nonlinear optical tensor changes sign upon reversal
of the spontaneous polarization, which makes ferroelectric domain structuring a powerful tool to engineer
the nonlinear optical response and realize compact and efficient photonic devices for laser frequency
conversion [3], all-optical signal processing in telecom systems [4] and quantum optics [5].

Fig. 1. a) Periodically poled LiNbO, waveguide chips for all-optical signal processing, b) hexagonally poled
ferroelectric domain lattices for multiple-beam optical frequency conversion.

The presentation will discuss recent developments and current challenges to combine optical
and ferroelectric functionalities on the LiNbO; technology platform, taking advantage of nanotechnology
and integrated optics. In particular it shall address combining ferroelectric domain engineering with
optical waveguide structures [4,6] and pushing the technology of two-dimensional poling to realize novel
types of nonlinear photonic crystals [3,7].
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Charged Domain Walls (CDWs) in ferroelectrics can possess metallic conductivity and can be created,
displaced and erased inside a monolith of nominally insulating materials [1], therefore they are promising
elements for the envisaged reconfigurable nanoelectronics [2]. Indeed, highly elevated and in some cases
non-thermally activated conductivity was observed at CDWs in proper [3], improper [4] and hybrid-
improper ferroelectrics [5]. The progress in understanding and towards exploitation of CDWs is hindered
by the absence of practical CDW formation techniques. Here we introduce a set of methods which
allow creating electronically compensated CDWs. The methods range from the use of defect ionization
and migration [6], charge injection from a scanning probe tip [7], up to free-carrier generation with
superbandgap illumination and the use of inhomogeneous electric fields and electron injection inside
nanoscale solid structures. It will be shown that CDWs can be reliably produced in forms of large regular
patters [6] and few-nanometes long precisely positioned channels [7]. These methods open the doors
to the advanced investigation of CDWs and their potential technological exploitation.
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Fig. 1. (a) Conductive atomic force microscopy image of artificially created CDWs in 45 nm (001), thick BiFeO,
film on 5 nm SrRuO; electrode and DyScO; substrate [6], (b) Optical image of superbandgap illumination-
created CDWs in (111), BaTiO; single crystal.
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Charged domain walls (CDWs) in proper ferroelectrics were shown recently to possess metallic-like
conductivity [1]. Unlike conventional heterointerfaces, these walls can be displaced inside a dielectric
by an electric field, which is of interest for future electronic circuitry. In addition, theory predicts
that CDWs may influence the electromechanical response of ferroelectrics, with strong enhancement
upon increased CDW density [2]. The progress towards CDW exploitation is, however, hindered
by the complications of practical CDW engineering techniques.

Here we present a simple room-temperature bulk method which creates regular patterns of electron-
hole compensated CDWs in crystals of prototypical proper ferroelectric BaTiO, (Fig.1). The procedure
of CDWs preparation is based on frustrative poling across the phase transition from orthorhombic
to tetragonal phase of (111), oriented BaTiO, single-crystal. Unlike the case of electron-ion compensated
CDWs described in [3], where main screening charges are electrons and mobile ionized donors, this
method provides generation of free charge carriers by ultraviolet light illumination. In this case CDWs
obtained with such method are compensated by electrons and holes and presumably have different
properties.

£ ¥
- ‘Q, \‘v" 2 i
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Fig. 1. Pattern of CDWs in (111), oriented BaTiO, single-crystal obtained by frustrative poling procedure across
the phase transition from orthorhombic to tetragonal phase under UV light illumination.
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ISING LINES: NATURAL TOPOLOGICAL DEFECTS
WITHIN FERROELECTRIC BLOCH WALLS
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Nowadays a great attention is paid to the investigation of domain structures and domain wall properties
as well as to the formation of vortex domain states. One of the most intriguing recent result in this
research field is the prediction of chiral Bloch-like domain walls in BaTiO, and PbTiO, low temperature
phases based on Ginzburg-Landau-Devonshire model and first principles calculations [1-7].

The recent theoretical analysis of this new kind of domain walls for BaTiO; has predicted the possibility
of chiral-to-achiral symmetry-breaking phase transitions induced by the temperature, stress or domain
wall rotation and the possibility of one-dimensional topological defects appearance within the walls [5-7].
Here we use the Ginzburg-Landau-Devonshire modelling and demonstrate the possibility of interesting
stable defect existence within the 180° Bloch-like domain wall in rhombohedral BaTiO,, analyze its
structure and properties. Some of the results related to Ising-line study have been published in [8].
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CHARGE ORDERING AND CHARGE FLUCTUATIONS
IN MOLECULAR CONDUCTORS

R. Swietlik
Institute of Molecular Physics, Polish Academy of Sciences, 60-179 Poznan, Poland
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The charge ordering (CO) in low-dimensional organic conductors, i.e. transition from uniform to
non-uniform charge distribution on molecules in conducting chains or layers, attracts considerable
attention since it is directly related with the pure electronic ferroelectricity, an interesting phenomenon
of considerable fundamental and technological importance [1]. Temperature-induced transitions to the
CO state were discovered in many charge-transfer salts formed by electron-donor tetrathiafulvalene
(TTF) derivatives with different acceptors. It is generally assumed that on-site and inter-site Coulomb
repulsions between charge carriers are mainly responsible for the CO effect, nevertheless donor-acceptor
interactions play also an important role. Additionally, in many conductors considerable charge fluctuations
are observed which usually coexist with the CO state. It was suggested that the charge fluctuations can
mediate superconductivity in some salts formed by the organic donor bis(ethyleno)tetrathiafulvalene
(BEDT-TTF). Both the CO and charge fluctuations have a strong influence on electronic and vibrational
spectra of these salts: strong modifications of charge-transfer bands and vibrational features assigned to
the C=C stretching of TTF core are seen.

At first, the CO was discovered in a series of quasi-one-dimensional (1D) salts (TMTTF),X (TMTTF =
tetramethyl-tetrathifulvalene; X= AsF, PF,, SbF,,...) and then it was shown that the effect is responsible
for the electronic ferroelectricity [1]. A specific material is the 1D molecular metal (TTM-TTF)I,
in which ferroelectric properties are due to an intramolecular CO [2]. Recently, we have found strong
charge fluctuations in pseudo-1D organic semiconductors (tTTF),X (X = Br, I; tTTF = trimethylene-
tetrathiafulvalene) in which donors are arranged in dimeric (tTTF), units. IR and Raman bands attributed
to the C=C stretching vibrations as well as charge-transfer bands seen in IR spectra provide a clear
evidence that the charge density in (tTTF), dimers is distributed non-uniformly and undergoes strong
fluctuations [3].

The CO and charge fluctuations were also discovered in many quasi-two-dimensional BEDT-TTF
salts with the so-called o-, B"- and 0-type structures of conducting layers. The existence of electronic
ferroelectricity was proved in a-, and O-type salts and also in a group of k-type BEDT-TTF salts [1].
Recently, our IR and Raman studies of the dual-layer organic metal (tTTF-I),C10, have shown an unusual
type of charge fluctuations, i.e. the inter-layer fluctuations. In this compound an important role is played
by strong I---O halogen bond interactions between layers which strongly contribute to a small inter-layer
charge-transfer interaction [4].
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STRUCTURE, ELASTICITY AND PHASE TRANSITIONS
IN LIQUID CRYSTALS WITH DEFORMATIONS

A.V. Emelyanenko and N.V. Kalinin
Lomonosov Moscow State University, Moscow, Russia
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A molecular-statistical theory describing the liquid crystal complexes with deformations is proposed.
An influence of the anisotropic properties and curvature of the surface on the nematic order parameters
of liquid crystal is investigated. The order parameters and elastic constants are evaluated in the framework
of a unified approach based on the features of the pair interaction potentials of individual liquid crystal
molecules. We explain the two-step heat-driven transformation from the nematic phase into the isotropic
phase, which is observed experimentally in [1]. It is shown that, in contrast to the case of flat surfaces
[2,3], the transition from nematic phase to the isotropic phase near the strongly distorted surface (the first
step) happens at lower temperatures than the transition in the bulk of liquid crystal (the second step).
The molecular features responsible for the nematic order parameters change at both transitions
and for the temperature range between two transitions are outlined.

Fig. 1. Spherical nanoparticle in the centre of a large spherical nematic droplet.

A correlation between the elastic constants and the constants responsible for propagation
of the order parameters from the surface to the bulk of liquid crystal is found. Both the elastic constants
and the propagation constants are evaluated on the basis of the symmetry aspects of pair potentials
of the individual liquid crystal molecules [4,5].

This work was supported by RFBR projects No. 15-02-08269, 15-59-32410, 15-32-20859.
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4'-(4-ETHOXYAZOBENZENE) ALKANOATES.
SYNTHESIS, MESOMORPHISM AND trans-cis-trans ISOMERISATIONS

E. Szypszak, 1. Niezgoda and Z. Galewski
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The liquid-crystalline compounds which were synthesized as a derivatives of azobenzene group belong
to polyfunctional materials with their interesting physical properties. In this decade they are particularly
intensively studied because of their many applications, especially in modern optics [1].
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Fig. 1. Chemical structure of synthesized and investigated homologues series of azobenzene derivatives.

The main aim of this study is to investigate mesogenic properties new homologous series (19 derivatives)
4'-(4-ethoxyazobenzene) alkanoates. On the basis of three used methods (calorimetry - DSC, polarizing
microscopy - POM and thermo-optical analysis - TOA) there were investigated and described parameters
of phase transitions. In the investigated series only nematic mesophase was observed. This is expected
result because in similar series with longer alkyloxy chain, 4 '- (4-butoxyazobenzene) alkanates, there was
only a nematic phase observed, as well [2].

Derivatives of azobenzene moiety behave very interesting trans-cis-trans isomerization process. Their
kinetics is characterized by two kinetics constant. Influence of the alkyl chain length on these parameters
are discussed [3].
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BROADBAND DIELECTRIC SPECTROSCOPY
OF BaTiO,-PbMg, ;Nb, .0, CERAMICS
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We expand the recently published study of ceramic solid solutions of (1-x)BaTiO,,PbMg,;Nb,;0,
(BT-xPMN) [1] with dielectric experiments in the high-frequency, microwave and THz ranges and
present here the broadband dielectric spectra (10! - 10'> Hz) of BT-xPMN with x = 0.075, 0.10 and 0.15.
Dielectric dispersion is observed in all BT-xPMN compositions at temperatures from 100 K to 450
K in the whole investigated frequency range. In contrast to relaxor ferroelectric PMN [2], the £’(T)
maximum does not shift remarkably with increasing frequency up to 1 GHz for the x = 0.075, 0.10
compositions and only small shift is observed for the x = 0.15 one. The main dispersion takes place in the
10°- 10" Hz range (Fig. 1), similar to that in the ferroelectric BT ceramics. THz spectra show presence
of the relaxation (central) mode besides the soft phonon one, similar to that observed in the tetragonal BT
[3] and PMN [2.,4].

Dielectric spectra of BT-xPMN ceramics are analyzed and compared with those of BT ceramics and
PMN single crystals [2]. Origin of the high-frequency dielectric dispersion is discussed in the framework
of relaxor behavior, diffused phase transition and polar nanoregions concepts.
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Fig. 1. Temperature dependences of dielectric permittivity and loss of BT-0.1PMN at different frequencies.
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IN ORTHORHOMBIC PbZrO,
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Orthorhombic lead zirconate PbZrO, (T < ~500 K) is a very interesting anti-ferroelectric material.
Its phonon spectra have been investigated in our group by IR, terahertz and Raman spectroscopy.
Identification of all 117 optical phonons (16A,+16B,,+14B,,+14B;+12A +11B;+17B,+17B;,)
is a challenging task. Most of the IR- and Raman-active species have been identified [1,2]. Our goal was
to use Hyper-Raman scattering (HRS) at low temperatures to identify the remaining “silent” A, modes,
inaccessible by other spectroscopic techniques, and independently check the IR data.

Reliable observation of A, modes is complicated by several problems: a) there is no scattering configuration
allowing observation of A, modes alone, b) identification of the B, modes is complicated by directional
dispersion, c¢) depolarization effects due to finite depth of the HRS focal point below the crystal surface,
d) inherent polydomain structure of the samples.

A typical low-temperature HRS spectrum in crossed polarization configuration is shown in Fig. 1.

VH: X'(zyy)X' A, + By,
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Fig. 1. Example of an HRS spectrum of PbZrO; at 20 K (directions x’ and y’ are rotated by 45°). All spectra
were fitted by a sum of damped harmonic oscillators.

Detailed analysis of the spectra aiming at identification of “elusive” A, taking into account to the expected
directional dispersion as calculated from the infrared data [2], will be reported.
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BaBi,Nb,O, ceramics belongs to the Aurivillius family. Aurivillius has presented mixed bismuth
oxides with layer lattices in 1950 [1]. They have a very anisotropic structure consisting of oxygen
octahedral blocks interleaved with (Bi,0,)** layers. In 1961 Smolensky A. et al. have published the paper
on ferroelectric properties of these materials [2]. At present the layer structured ferroelectric compounds
are one of the most technologically interesting materials for non-volatile ferroelectric random access
memory application [3]. Other significant factor is absence lead ions in the Aurivillius structures.
Macquart R. et al. have shown the presence of a diffused crystallographic phase transition near room
temperature in BaBi,Nb,O, [4]. Authors believe this is from the paraelectric [4/mmm structure to the
ferroelectric I4mm structure. D. Nuzhnyy et al. suggested an existence of polar clusters in the paraelectric
phase, whose dynamics should be in origin of the (critical) relaxations and which change into ferroelectric
domains below the phase transition. For such a scenario, the usual classification into displacive and order-
disorder structural transitions is no more appropriate [5].

To understand the temperature phase transition mechanisms in the BaBi,Nb,O, ceramics the Raman
spectra were studied at temperature range from 8 to 550 K. The spectra in the 180 geometry were recorded
on a Horiba Jobin Yvon T64000 spectrometer. The temperature studies were performed using an ARS
CS204 X1.SS closed cycle helium cryostat. Raman spectra assignments have been performed. Detailed
analysis of the line positions changes has been performed. The significant changes with temperature have
been observed in the low wavenumber part of the spectrum. This part of the spectrum dues to vibrations
of lattice and bismuth. The lattice vibration spectra in [4/mmm and I4mm phases were calculated.
Comparative analysis of experimental and calculated spectra was made. It was shown that significant
changes of spectra with temperature decreasing occur in low wavenumber range up to 200 cm™'. There
are lattice vibrations and vibrations of bismuth ions in this part of the spectra. Evident changes of spectra
in cooling occur in the range from 500 to 700 cm™. This part of spectra is related to vibrations of oxygen
ions.
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We have investigated single crystals of PbZr,,,Sn,,;0, by means of optical microscopy and micro-
Raman scattering in the temperature range from 80 to 830 K. The frequencies of the Raman lines
are analyzed and discussed in terms of the sequence of structural phase transitions. It was found that
Raman spectrum displays important changes near 440 K, 480 K and 493 K. The incorporation of Sn*
ions more than 25 mol% into the structure of PbZrO, enhances polar fluctuations above T as compared
to the less Sn-doped crystals [1,2]. These fluctuations lead to appearance of a ferroelastic intermediate
phase below T. It is demonstrated that the structural phase transformation in PbZr,;,Sn,,;0; can be
considered as the result of softening of many modes, not only the ferroelectric one.
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Fig. 1. The evolution of the Raman spectra for PbZr, ,,Sn,,;0; in the A1, A2, IM and PE phases. All spectra are
vertically displaced for clarity. Arrows indicate softening of certain modes.
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(Ba,,Sr,4);Co,Fe,,0,, crystallizes in the hexagonal Z-type hexaferrite structure and, in external magnetic
fields, it counts to a rare group of room-temperature magnetoelectrics [1-3]. Below Ty = 680 K,
it is a collinear ferrimagnet with spins pointing along the ¢ axis. At T, = 500 K, the spins reorient to a
transverse conical structure and, due to the inverse Dzyaloshinskii-Moriya interaction, a ferroelectric
polarization appears in a weak external magnetic field [2].

We performed measurements of ceramics samples by microwave, THz time-domain, infrared (IR), Raman
and inelastic neutron scattering spectroscopies. We observed two spin excitations, whose frequencies
of ca. 52 cm and 35 cm™ at 10 K decrease on heating, whereas their damping increases up to 250 K
when they become smeared. The former mode is Raman active and the latter IR active only. Applying
magnetic field or heating have the same marked effect on the IR-active electromagnon: the mode softens
and broadens, until it disappears; if magnetic field is applied, this occurs for H = 2 T as the spin structure
transforms to collinear. At still higher values of the magnetic field, a sharp ferrimagnetic resonance
appears in the THz spectra. A resonance near 1 GHz, presumably of the same origin, was observed
in both permittivity and permeability microwave spectra. The decrease in its resonance frequency on
heating suggests that this could be a soft mode driving the spin-order phase transition at T,.
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Fig. 1. THz spectra of the complex refractive index of (Ba,,Sr5);Co,Fe,O,, as a function of temperature.
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DIELECTRIC AND SEMICONDUCTOR PROPERTIES OF (Ba, Pb, )TiO,
CERAMICS DOPED WITH GLASS IN THE RANGE OF PHASE TRANSITION
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The aim of the poster is present the influence of the special glass, made from the mixture of simple
oxides PbO-B,0,-Al,0,-WO,, on the chemical composition, crystalline structure, microstructure, density
and the electrophysical properties of the one of the members of (1-x)BaTiO;-(x)PbTiO, solid solution
system.

The (Ba, Pb,,)TiO, powders were obtained using the solid-phase synthesis reaction. After synthesis the
initial powders were doped with the special glass, in proper stoichiometry and milled for 16 hours. Next,
obtained powders were pressed in the form of disk. Prepared samples were sintered by the conventional
sintering method. It was found that the ceramic material exhibited the tetragonal structure (P4mm)
at room temperature. Variation in the concentration of special glass in the ceramic material causes a
decrease in the maximum value of dielectric permittivity and shifts of the temperature of phase transition
to lower value. Moreover the presence of tungsten ions leads to appearance of the PTCR effect.

The present research has been supported by National Science Centre and National Research and Development Centre
in years 2015-2018, as a research project No OSF 269499 (DZP/TANGO1/76/2015).
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The search for new magnetoelectric multiferroic materials, in which electric and magnetic order coexist
and are strongly coupled, has attracted remarked interest due to their potential applications in magneto-
electric and magneto-optical devices, "multistate” memories, etc. [ 1]. However, the number of multiferroic
materials is small, because there are very few compounds which have both properties simultaneously and
only some of them have magnetoelectric coupling.

Among them, the quadruple perovskite CaMn,O,,, with extended formula (CaMn,*")
(Mn,*Mn*)O,,, where % of the A-sites are occupied by Mn®* ions, 4 by Ca** while the B sites allocate
distinguishable Mn*" and Mn*" below 440 K. This compound shows two antiferromagnetic (AFM)
helical spin ordering transitions below Ty, = 90 K and Ty, = 50 K [2]; and becomes ferroelectric at the
former AFM transition, exhibiting an electric polarization of ~240 uC/cm? under a poling electric field
E = 3.5 kV/cm, magnitude that is one of the highest observed so far [2-4].

In this contribution, we study the effect of the A-site strontium substitution on the physical properties
of Ca,,Sr,Mn,0,, (x <0.3). The ultimate goal of this research is to find out the mechanisms that drive the
electric polarization in this compound.
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Nowadays there are enormous world-wide efforts, in both industrial and academic laboratories, to develop
new so-called “smart materials’. Azobenzene-containing low-molar-mass and polymer systems present
tremendous interest for the development of new materials for optics, photonics and optoelectronics. This
interest is associated with fascinating photochemical properties of the azobenzene moieties, such as high
quantum yield and reversibility of E-Z photo-isomerization processes, high fatigue resistance in respect
of the cycles E-Z-E isomerization, pure E-Z photo-isomerization, large changes in molecular anisometry
and dipole moment during E-Z isomerization. Illumination of the polarized light on amorphous or liquid
crystalline (LC) films of azobenzene side chain polymers induces photo-orientation process, i.e. alignment
of the azobenzene chromophores in direction perpendicular to the polarization plane of the excitation
light [1]. The mechanism of this process relates to the repetitive cycles of the E-Z-E isomerization
of the chromophores followed by their rotational diffusion. This effect leads to an appearance of linear
dichroism and birefringence in amorphous polymer films or realignment of the chromophores in liquid
crystalline films that might be used for the creation of smart materials for optical data recording and other
useful applications in photonics and organic photovoltaics [2].

General objective of this work is the investigation of photo-optical properties of two novel extremely
photosensitive azobenzene-containing polymers and elucidation of the effect of spacer length and LC
ordering on chromophores aggregation, E-Z isomerization and photo-orientation processes in polymer
films. Two photosensitive liquid crystalline (LC) azobenzene-containing polymethacrylates having
different length of flexible spacer connecting chromophores with backbone spacer were synthesized
and their mesophase behaviour and photo-optical properties were studied. Both polymers contain lateral
methyl substituents in ortho-position of azobenzene chromophores providing high photosensitivity even in
red spectral region as well as high thermal stability of photo-induced Z-form of azobenzene chromophores.
It is shown, that smectic A* phase formation in films of polymer with longer spacer predetermines
its quite unusual spectral response to UV and subsequent visible light actions. UV-irradiation induces
not only E-Z isomerization, but also results in disruption of homeotropic alignment, whereas subsequent
visible light action enables to obtain films with a low degree of chromophores orientation. The photo-
orientation phenomena under the action of polarized light of different wavelength on polymer films were
studied. The possibility of using red polarized light of moderate intensity for optical photo-recording on
polymer films is demonstrated.

The work was supported by MEYS LH15305, RSF 14-13-00379 & CSF 16-12150S projects.
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Design of the light-harvesting and energy-converting systems belongs to one of the most highlighted
fields of modern research [1-2]. Tuning and increasing the power conversion efficiency (PCE)
of the organic photovoltaic (OPV) cells remains an actual and highlighted topic though several approaches
has been successfully developed. Recently an effect for improving the PCE of the organic solar cells by
photosensitive self- assembling materials doping has been established [3-4]. Thermal annealing within
the mesophase temperature range can remove defects, optimize the morphology of the liquid crystal
(LC) doped active layer of the OPV device, and hence, might be responsible for the PCE increase [3].
However, the relationship between the PCE improvement and the molecular structure of LC functional
dopants is still not clear enough. The main objective of this work is to contribute to better understanding
the selection rules for the specific organic molecular structures to be used as functional dopants for the
improvement of the PCE of the OPV devices. Specifically the work is aimed to find a synergy between
LC azo-compounds and polymer solar cells to produce smart OPV devices and to study the effect of such
dopants on photovoltaic parameters.

New photosensitive LCs with a specific molecular structure have been designed in order to use them
as functional dopants for the organic photovoltaic devices. As a part of basic characterisation, the self-
assembling behaviour of three new organic compounds has been determined. The resulting photovoltaic
devices with P3HT:PCBM active layer doped by the designed photosensitive LCs were investigated
by UV-Vis spectroscopy, electrochemical measurements, cyclic voltammetry experiments, AFM
surface morphology studies and impedance spectroscopy. The obtained results are summarised and
discussed in terms of PCE improvement considering the specific chemical structure of the compounds
used as functional dopants and the annealing temperature of an active layer. The molecular structure
of compounds used as dopant has a strong effect on the value of short circuit current density. However,
no significant effect of the dopant in PSHT:PCBM active layer on the open circuit voltage and fill factor
has been found [5].

Authors are greatly acknowledging the financial support from the research projects: COST IC1208, MEYS LD14007,
CSF 16-12150S and MEYS LH15305.
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X-RAY CHARACTERIZATION OF Co DOPED TETRAGONAL BaTiO, CERAMICS
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BaTiO,:Co ceramic samples were prepared by a conventional sintering method. We present the results
obtained for BaTi, ,Co,0, (x <0.1) ceramics by the X-ray diffraction.

X-ray powder diffraction studies of BaTiO,:Co specimens were performed by using Huber imaging plate
Guinier camera G670 (CuK,, radiation). Precise values of structural parameters were obtained by full
profile Rietveld refinement by using WinCSD program package [1]. Silicon standard reference material
SRM 640 was used as internal standard for the accurate lattice parameters determination.

The XRD patterns revealed that tetragonal BaTiO, is the main phase in all samples. However, only
the less-doped BaTi, ,Co,0,, x = 0.0001 specimen shows pure single-phase composition.
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Fig. 1. Tetragonality of the BaTiO;:Co,0; structure as a function of nominal Co content in the BaTiO;:Co,0;
samples.

Comparison of structural parameters of BaTiO,:Co0,0, samples with the literature [2,3] data for the
un-doped BaTiO, shows that initially the Co-doping led to decrease of the tetragonality (c/a) of the
perovskite lattice. However, this effect becomes less pronounced, and practically vanishes when the
nominal Co content is higher than ~ 1% (Fig. 1).
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OPTICAL QUASI-BIAXIALITY
OF RELAXOR STRONTIUM-BARIUM NIOBATE SINGLE CRYSTALS
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Solid solutions of the strontium-barium niobate Sr,Ba, ,Nb,O, where 0 <x < 1 (SBN) are environmental
friendly (lead free) polar materials of oxygen octahedral family. Their potential applications are based on
very attractive pyroelectric, electromechanical, electro-optic, photorefractive, and nonlinear optical and
dielectric properties. Strontium-barium niobate is distinguished by its open tungsten bronze structure, i.e.
the compound contains five AB,O, formula units per tetragonal unit cell in which six A sites are occupied
by five divalent metal atoms A. As a result the empty sites give rise to quenched electric random fields
even in the stoichiometric compound. Consequently, by changing the ratio between strontium and barium
components one may tune the system from ferroelectric (x < 0.5) to a generic relaxor (x > 0.6) behavior
while maintaining the structure unchanged [1].

Using the Czochralski method four single crystalline compounds with nominal x = 0.40, 0.50, 0.61 and
0.75, designated hereafter as SBN40, SBN50, SBN61, and SBN75 have been grown. The crystals grown
along the [001] tetragonal direction were up to 22 mm in diameter and 40 mm in length with characteristic
24 faces, free from striations and other extended defects. Density of etch pits was found to be of the order
of 10%- 10° cm™.

The ferroelectric SBN single crystals are tetragonal and, according to their symmetry, are optically uni-
axial. On the other hand SBN75, with typical relaxor ferroelectric properties, being tetragonal, exhibits
optical features characteristic for optically biaxial systems. This kind of behavior could be considered
as optical quasi-biaxiality or pseudo-biaxiality.
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PREDICTED INFRARED SPECTRA OF PZO PHONONS
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Deep and profound knowledge of phonon spectrum features can play a crucial role in discovering and
understanding many properties of antiferroelectric (AFE) solids. Lead zirconate PbZrO; (PZO) usually
serves as model material for studying physical phenomena concerning antiferroelectricity.

Theoretical computations within a density-functional-theory-based shell model [1] have been performed
to obtain eigenenergies and eigendisplacements of each normal mode of the low-temperature phase
and their properties were explored. We present the computed theoretical infrared (IR) spectra to compare
the orthorhombic AFE mode structure with the cubic paraelectric (PE) one. These results were obtained
using the shell-model-optimized structure and the shell-model-evaluated interatomic forces were used
as an input for the PHONON program package.

Theoretical (IR) spectra were computed using both isotropic cubic and anisotropic orthorhombic Born
effective charges (BEC) and were compared to the experiments [2,3]. BEC as a physical quantity is not
easy to grasp and to express its physical meaning, especially for crystals with complex structure. BECs
are strongly dependent on the stucture and they strongly affect the IR spectra.
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PHASE TRANSITION IN MULTIFERROIC Ni-Mn-Ga SINGLE CRYSTAL
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The ferromagnetic compounds derived from stoichiometric Ni,MnGa Heusler alloy are of current interest
because their large magnetoelastic response called magnetic shape memory (MSM) effect. The effect
is an example of the multiferroic behaviour combining ferro-elasticity and (ferro)magnetism [1].
The alloys usually with slightly off-stoichiometric Mn-rich composition can exhibit giant (up to 12% [2])
and simultaneously fast (= 1 kHz [3]) straining in a moderate magnetic field (< 1 T). The effect occurs due
to magnetically induced redistribution of differently oriented ferroelastic domains thanks to extremely
high mobility of twin boundaries or low twinning stress. This stress can be as low as 0.05 MPa [4].
Resulting magnetic-field-induced strain (MFIS), accompanied by a reasonable force output (= 1 MPa)
considerably exceeds the strain reachable with the best magnetostrictive and ferroelectric materials.

The martensitic phase transformation goes from high symmetry cubic phase (austenite) to low symmetry
phase (martensites), e.g. with orthorhombic or monoclinic symmetry It is diffusionless, displacive,
volume conserving and thermoelastic reversible within few degrees. The crystal structure of martensite
determines the arrangement and complexity of twin microstructure (ferroelastic domains). As the giant
field-induced strain depends on particular microstructure the detailed understanding of the crystal
structure and phase transformation is crucial for the MSM effect. We focus on materials with compositions
resulting in monoclinic, modulated structure so called 10M martensitic structure (see Fig. 1) at room
temperature with transition temperature to austenite between 30 - 60 °C exhibiting very low twinning
stress. The crystal structure, twin microstructure and phase transition will be characterized by X-ray
diffraction, magnetic susceptibility, dilatometry in magnetic field and electric resistivity.

Fig. 1. The modulated 10M martensitic structure of Ni,MnGa alloy.
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Lead-based ceramics have been applied in several electronic devices, due to their excellent electrical
properties and temperature stability [1]. However, lead-based ceramics will be tightly restricted
as hazardous substances. For this reason, there is significant demand for lead-free replacement for
Pb-containing materials. Na,;Bi,;TiO; (NBT) and NBT-based materials could be good candidates for
replacing compounds based on lead [2-4].

A solid-state reaction method was used to fabricate lead-free (1-x)Na, sBi, s TiO;-xSrTiO; ((1-x)NBT-xST,
x=0, 0.08 and 0.1) ceramics. The XRD patterns of the obtained ceramics showed pure perovskite structure
with rhombohedral symmetry at room temperature and phase transitions from rhombohedral to tetragonal
and then to cubic symmetry with increasing temperature. As ST content increased, electric permittivity
decreases, the maximum is broadened and shifted to lower temperature, and local anomaly shows
relaxor behavior. The thermal expansion measurement results confirmed rhombohedral-tetragonal-cubic
sequence phase transitions. The obtained results were discussed in term of chemical inhomogeneities,
polar regions existence and strain induced by the doping.
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In some cases, domain reorientations which take place in ferroic crystals can be envisaged as degenerate
chemical reactions though International Union of Pure and Applied Chemistry (IUPAC) [1] does not
include these reorientations into this class of chemical reactions. The present contribution suggests
extension of the definition of a chemical reaction: A chemical reaction is a process that results in the
interconversion of chemical species or in their reorientation or in formation of an enantiomorphic
structure which can take place in ferroic crystals. Examples such as hops of hydrogens that are involved
in the hydrogen bonding and that take place between the donors and acceptors during ferroelastic
switching are going to be discussed, e.g. H,BO, [2].
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We will present results of calculations of influence of high magnetic fields on antiferromagnet
and ferrimagnets. We take into account the magnetocrystalline anisotropy energy, the exchange energy
and the magnetostatic energy. Basically we work in the two-sublattice model in which two magnetic
sublattices mutually interact. The angular dependence of the magnetocrystalline anisotropy energy
is taken using Legendre'a functions. We carefully analyze the formation of a noncollinear magnetic
structure under the action of the magnetic fields.

Aspecial attention will be put for realization of physical condictions for the occurrence of the metamagnetic
transition. An intention of our studies is to provide theoretical explanation of metamagnetic transitions
observed in some antiferromagnets and ferrimagnets like UPd,Al, and CeRh,Si,. We will try to correlate
magnetocrystalline anisotropy parameters with the crystal-field parameters and low-energy electronic
structure of the involved 4f /5f atom.
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Studies of electrical properties of ferroelectric potassium-sodium niobate ceramics of (K,sNa,s)
(Nb,,Sb,)O; (KNN-x) at x = 0.05 (KNN-5) synthesised by conventional solid state reactions with
admixture of 0.5 mol% MnO, subjected to extended exposure to constant temperature, electric field
and radiation are reported. The infra-low frequency dielectric response is studied by Sawyer-Tower
techniques used to record polarisation loops under sinusoidal field of constant amplitude E of different
duration. Behaviour of polarisation loops after different numbers of cycles of the sinusoidal electric field
E is presented. A considerable rise of the dispersion of dielectric permittivity is observed at increasing
E after the samples are held at constant temperature and constant bias field. The growth of the effective
dielectric permittivity is well described by power function €’ = ¢’ + Bt® (solid line) where €’ is the
initial value (first cycle) of €’.;, B - experimental constant, and exponent ¢ equal to 0.20 - 0.25 is found
from analysis of approximations (the features of €’ 4(t) at strong and weak field intensities are the same).
Restoration (growth) of polarisation by extending the time (number of infra-low frequency AC field
cycles) under applied field below coercive E_ in aged materials follows the power law similar to growth
at increasing the amplitude of the applied field.
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In chiral liquid crystalline compounds tendencies to form helical or twisted structures and to form layers
can be in contradiction. To escape from the frustration in the molecular packing the phases with regular
array of defects are formed, composed of blocks of a homogeneous structure separated by twist grain
boundaries (TGB).

We have prepared and studied series of compounds with the molecular core containing at least one biphenyl
laterally substituted with chlorine and at least two chiral centers, one or two being the lactate group. They
provide a variety of frustrated twist grain boundary (TGB) phases and quite unique phase sequences [1,2].
Some of them exhibit extremely wide TGBA phase more than 60 K broad, thus exceeding many times the
widths of this phase ever found. Besides, the TGBA-TGBC-SmC*-SmC ,* phase sequence has not been
reported for any other compound so far.

Another one-lactate-compound laterally substituted with bromine exhibits quite unique phase sequence
with the re-entrant TGBA phase below the SmA phase. This phenomenon cannot be explained
by interdigitation of molecules within the smectic layers that usually accompany the re-entrancy
phenomena in liquid crystals known so far, because the smectic layer spacing remains equal
in all phases [3].

Additionally, we have induced frustrated phases in binary mixtures of molecules with different molecular
shape and chirality (non-chiral hockey-stick and chiral rod-like compound). On contrary to both
components, which exhibit regular standard phases, the TGBA, TGBC and frustrated blue phases (BP)
were observed in the phase diagram. Due to combination of component properties the phase sequence
containing both cholesteric and antiferoelectric phase has been found in the studied binary system. Such
a phase sequence cannot exist in single component liquid crystals [4].
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Recent advances in nanofabrication of normal metal and superconducting nanostructures provided
excellent test systems for practical applications and also gave unique opportunity for understanding
of physical phenomena appearing in metals in confined geometries. For contemporary applications,
there is a constant quest for materials of specific and very often contradictory sets of properties like
high electrical and thermal conductivities combined with very high mechanical strength. On the other
hand normal conducting and superconducting nanocomposites with 0-3 or 1-3 connectivity make
it possible studying of charge carrier behavior in highly confined geometries. Interesting examples are one
dimensional superconducting nanowires with diameters comparable to the superconducting coherence
length immersed in normal conducting matrices (i.e. 1-3 connectivity) that can exhibit unique properties
like, thermal and quantum phase slips, an “antiproximity effect”, “row” vortex lattices, minigap state,
resistance fluctuations, shape-dependent superconducting resonances and many others.

In this work we report on manufacturing and properties of Cu-Ag or Cu-Nb composite and Cu-Nb
multifilament nanowires obtained by means of innovative extrusion and compacting methods [1].
The nanostructure of Cu-Nb (Cu-Ag) fine wires was irregular with Nb (Ag) particles of globular shape
and narrow filaments of the niobium or silver-rich phase (Fig. 1b). The wires derived from Cu-Nb alloys
exhibited advantageous mechanical properties and relatively high electrical conductivity. Multifilament
nanowires had more than 820,000 niobium nanofilaments of a diameter between 100 and 200 nm and
hexagonally distributed in a pure copper matrix (Fig. 1b). These superconducting composites exhibited
enhanced critical currents, critical temperature comparable to bulk Nb and microwave absorption
due to vortex lattice motion or phase slips at Nb-Cu-Nb Josephson junctions.
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Fig. 1. Microstructure of Cu-Ag wire (a) and Nb multifillament nanowire with partially etched Cu matrix (b).
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Sr, ,Nd,Fe,, Al,O,, single-phase solid solution with y <0.1 and x <2 have been recently obtained by auto-
combustion method [1,2]. Nd** doping of SrFe,,0,, hexaferrite was reported to improve the coercivity,
whereas nonmagnetic AI*", substituting the Fe** ions, resulted in a decrease in saturation magnetization [3].
As the magnetic properties are strongly dependent on the processing conditions we decided to apply other
method and to obtain Sr4sNd, (sFe, ALO,y solid solution by hydrothermal synthesis from precursors:
Fe(NO,);-9H,0 (ChemPur S.A.), Sr(NO,), (ChemPur S.A.), Nd,O, (Alfa Aesar) HNO, (ChemPur S.A.),
AI(NO,);-9H,0 (ChemPur S.A.) and NaOH (ChemPur S.A.) with [Fe*/Sr**] = 4 and [OH-/NO*] =5
molar ratios. The obtained solutions with x = 0.36, 0.60, 0.84 and 1.08 were characterized by X-ray
diffraction (X’Pert PANalytical, CuK , Bragg-Brentano geometry) and scanning electron microscopy
(FEI NovaNanoSEM 230). Single phase solid solution has been confirmed for all samples and the powder
consisted of flower-like agglomerates composed of ~20 nm thin platelets of hexagonal shape (Fig. 1a).
Physical Property Measurement System (PPMS, Quantum Design) was used for measuring magnetic
properties in the temperature range from 4 to 300 K. Al-doping of Sr4sNd, (sFe,,O,, solid solution was
found to modify slightly the magnetization (Fig. 1b) but the temperature variation of magnetization in FC
and ZFC experiments were changed considerably.
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Fig. 1a SEM image of an agglomerate of Sr),sNd, sFe;; ;Al, 40, crystallites; 1b remanence M,
and magnetization M measured in field of 2 T at 10 K.
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The lead-free ceramic system Ba(Ti,4Zr,,)O5-(Ba,,Ca,;)TiO; (BZT-BCT) has a high application
potential due to its exceptionally high piezoelectric coefficient d;; ~ 620 pC/N [1]. We have prepared
ceramic samples with the chemical composition 0.5BCT-0.5BZT which corresponds to the system with
the highest attainable d,,. The dielectric properties were probed in the frequency range from 10 Hz
to 100 THz at temperatures between 10 and 900 K. We systematically investigated its lattice dynamics
near structural phase transitions using THz, IR and Raman spectroscopies.

According to W. Liu et al. [1], 0.5BCT-0.5BZT ceramics undergoes two structural phase transitions from
the cubic phase to the tetragonal one and then to the rhombohedral phase. Our dielectric data, however,
indicate an additional low-temperature phase transition. Therefore, we propose a phase transition
sequence similar to that observed in BaTiO; single crystals, i.e. from cubic to tetragonal, orthorhombic
and finally to a rhombohedral phase.

Polar soft mode, which can be seen in IR and THz spectra, exhibits anomalous behavior near ferroelectric
phase transitions. Nevertheless, the dielectric anomalies observed in the vicinity of all the three phase
transitions are caused mainly by a dielectric relaxation (central mode) in the microwave and THz regions
below the soft mode. Consequently, the phase transitions strongly resemble a crossover between the
displacive and order-disorder type. The central mode appears in the THz spectra below 500 K and again
disappears below 200 K. Raman spectra reveal new phonons below the cubic-to-tetragonal ferroelectric
phase transition at T, = 360 K. Some phonons shift in frequency on cooling below the orthorhombic-
to-thombohedral phase transition. The dielectric relaxation in the microwave range anomalously
broadens on cooling below T resulting in a near-constant dielectric loss below 200 K. A similar behavior
is frequently observed in ferroelectric relaxors, where the dynamics of polar clusters is responsible for
such a behavior. In the ferroelectric 0.5BCT-0.5BZT, the near-constant dielectric loss comes from a broad
frequency distribution of ferroelectric domain wall vibrations.
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Materials which have relaxor ferroelectric behavior are very attracted due to possibility of their use
to production of transducers, actuators or other electromechanical devices. On the other hand, such
properties occur more often in lead - based ceramics. Lead titanate-zirconate (PZT) ceramics are one
of the most used ferroelectric materials [1]. The downside this ceramics is toxicity of lead and its high
vapour pressure during processing. Low-lead and lead-free ceramics can be used instead of lead-based
materials if their properties will be promising [2]. Na,;Bi,;TiO, (NBT) has lately received significant
attention as a prospective replacement for the universally used lead-based piezoelectric materials.

Good quality ceramics of (1-x)Na,;Bi,;TiO;-xPbTiO, (x = 0, 0.03 and 0.05) were prepared
by a conventional solid phase sintering process. The temperature dependence of dc, ac conductivity
(04 O, respectively), the Seebeck coefficient (o) and the value of charge carriers concentration n
of these ceramics were investigated. The measurements were made in the temperature range from 30 °C
to 600 °C. Dc conductivity for pure NBT possesses three linear parts with three different activation
energies E,, For 0.97NBT-0.03PT and 0.95NBT-0.05PT ceramics dc conductivity has also three linear
part (three different E,). On the other hand, ac conductivity possesses three linear part (three different E,)
for pure NBT and four (four different E,) for other compositions. The possible origin of the observed
effects was discussed. We suggest that the presented materials can be a good starting point for the
development of low-lead electronic ceramics.
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Effective properties (dielectric, magnetic, mechanical) of inhomogeneous materials are important
for applications and so it is very desirable being able to determine them from given known microstructural
parameters and from the bulk properties of homogeneous components. The inhomogeneity
can be realized in many ways for example by random arrangements of anisotropic grains of polycrystal
material or ceramics, or, as it is in our case, by the polydomain structure of a single crystal.

In this contribution we provide analysis of the polydomain crystal of BiFeO, in the ferroelectric
rhombohedral phase R3c. There are 8 possible domain states with different orientation of the spontaneous
polarization. Two stratified structures composed of 2 domains are studied: in the first structure
the domains are separated with the equidistant uncharged 109°-DW's (Fig. 1), and in the second case
with the electrically neutral 71°-DW's. The domain states are characterized with the uniaxial permittivity
tensor, the stiffness tensor and nonzero piezoelectric tensor. Taking into account conditions of mechanical
and electrical equilibrium the effective permittivity tensors of the both quasi-onedimensional structures
were first solved analytically, and then numerically using experimental values of the material constants.
It is also shown that in the limit of zero piezoelectric tensor the formulas transform to the serial
and parallel capacities [1].

X

109° z

Fig. 1. 109°-DW structure.
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The ferroelectric with perovskite structure are very interesting materials because their strong anomalies
intheir physical properties, such as dielectric, electric-optical, piezoelectric, pyroelectric properties. Sodium
niobate NaNbOj exhibits large number of successive phase transitions (at about: -110, 140, 190, 360, 480,
520, 575 and 641°C) and have both ferroelectric (in low temperature range) and paraelectric (up to about
480 °C) properties [1]. Lithium niobate LiNbO; is the ferroelectric with ilmenite structure. Undergoes
a second order phase transition from the ferroelectric phase to paraelectric phase. The Curie temperature
is about 1200°C [2]. Solid solution based on sodium niobate and lithium niobate has ferroelectric and
piezoelectric properties. Na, ,Li,NbO, ceramics with composition for x = 0.08, 0.1 and 0.2 were prepared
by solid - state reaction method and sintered in the temperature about 1200 °C. Structural properties,
thermal properties, measurements of temperature changes of dielectric permittivity of Na, Li NbO,
(x=0.08, 0.1 and 0.2) ceramics near the morphotropic phase boundary are presented. The measurements
were carried out in temperature range from room temperature to 600 °C and frequency range from
0.1 kHz to 2 MHz. Modification of content ions of lithium make significant changes of electrical
properties. These solid solutions show interesting properties from the point of view of the application.
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The challenge from an industrial manufacturing perspective is to shift high temperature solid state
sintering to low temperature. has just become such productive and cost-effective technology to be utilized
in many applications. The main advantage of this method is the room temperature process that is the most
important factor in piezoelectric polymer composites technology. The second benefit is the economical
usage of simple oxides in synthesis process.

In present work, the mechanosynthesis was implemented to synthesize piezoelectric powders
in ceramics material technology, based on time dependant potential energy - induced solid state synthesis,
was in Ba,4Ca,,TiO, and BaTiO, as for reference sample substantiated. Consequently the both lead-
free materials piezoelectric material was synthesized by high-energy milling from barium, calcium and
titanium oxides. However, directly after mechanosynthesis the obtained powders exhibited the perovskite
structure and ferroelectric properties but unfortunately too long time milling processing induced many
structural defects visible in distorted hysteresis loops.
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In this work the influence of the dye additive on the liquid crystals’ order parameter <P,> has been
investigated. The knowledge of liquid crystal order parameters are crucial for their use in optoelectronics
[1,2]. In present study we use different techniques, based on the measurements of the optical birefringence,
absorption and emission of the polarized light, for determination of the order parameter <P,> as a function
of temperature [3,4]. The birefringence studies were conducted with use of the plan-convex lens, Berek’s
compensator and photoelastic modulator (PEM). Although in measurements based on the birefringence
phenomena the addition of the dye is not required, in order to be able to compare obtained results
with those of the optical spectroscopy methods, the dye molecules were used as guest in guest-host
mixtures of the dye and liquid crystal. In the studies the liquid crystal 4-trans-4'-n-hexylcyclohexyl-
isothiocyanatobenzene (6CHBT) and two dyes: 4-dimethylamine-4'-nitrostilbene (DANS) [4]
and N,N'-bis(2,5-di-tert-buthylphenyl) -3,4,9,10-perylenedicarboximide (BTBP) were used [5].
The measurements were conducted as a function of temperature for the whole region of nematic phase
occurrence.
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The BiMnO,-Fe ceramics were sintered at 1130 K for 6 h in ambient air. The X-ray pattern analysis shows
that the ceramics consists, at room temperature, of two centro-symmetric phases. The lattice parameters
are: a = 10.201(9) A for cubic /23 and a = 7.539(4) A, b =8.545(9) A, ¢ =5.761(9) A for orthorhombic
Pbam phase [1,2]. The electric impedance was measured for f = 20 Hz - 1 MHz in the 100 - 690 K
range. It was analysed with use of electric modulus formalism M”(T). The BiMnO;-Fe ceramics shows
two electric conductivity relaxations. One process is related to activation energy E,, = 0.14 - 0.20 eV
and characteristic time values 7, = 10°- 102 s in 100 - 200 K range. It is deduced that Fe doping affected
this relaxation process, i.e. E,; value decreased and 1 increased. Next process occurred in 170 - 220 K
range and it exhibited 1), = 10" s and E,, = 0.27 eV [2]. The dc resistivity py(T) temperature dependence
shows semiconductor features and the value E, ,, = 0.28 - 0.37 ¢V. The VRH polaron model was discussed
for py(T) and also for the relaxations. The *’Fe Mossbauer spectrum was recorded at room temperature.
The spectrum shows pure electronic quadrupolar interactions. The quadrupole splitting corresponds
to the asymmetrical part of the electronic hyperfine interaction between the Fe nucleus and its surrounding
charges. The doublets represent iron Fe** ions distributed in the two sites, i.e. octahedral (O) and square
pyramidal (P), with a preferential occupation of the P sites [3]. Moreover, a third doublet is visible in the
Mossbauer spectrum. It results probably from a small admixture of another crystal phase with iron Fe**
in tetrahedral coordination.
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Lead-based ceramics have been extensively used in electronic devices, due to their supreme electrical
properties. On the other hand, lead-containing ceramics have a harmful effect on the environment, so they
are not desirable nowadays. The Na, ;Bi, s TiO;-xBaTiO, ceramics (x=0.1, 0.135 and 0.17) were fabricated
by a conventional solid phase sintering process. The dielectric and ferroelectric measurements of these
ceramics were performed. The bulk density of the obtained samples exceeds 95% of the theoretical
density. The ferroelectric measurements show that above the depolarization temperature, the shape
of hysteresis loops is approaching that of linear dielectrics. The dielectric study correlates with the
hysteresis loops measurements. The relaxor behavior of the investigated materials was revealed.
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Polymer-based nanocomposites of multiferroic BiFeO; (BFO) are considered for wide range
of applications since they can be produced in form of flexible thin films. Properties of BFO composites
with several non-polar polymers have been reported and only 3 papers are dealing with BFO-PVDF
composites [1-3]. We studied the dielectric and magnetic response of poly(vinylidene fluoride)
(PVDF) loaded with BFO crystallites with median thickness of 61 nm produced by microwave assisted
hydrothermal method [4]. BFO was controlled by XRD (pure BFO), SEM (thickness distribution
of the crystallites), whereas the semicrystalline PVDF was characterized by NIR Raman spectroscopy
(conformations) and DSC. Radially oriented BFO/PVDF composites with (0-3) connectivity and BFO
volumetric content ® were produced by hot pressing (500 K, 600 MPa, 30 min) and covered with
gold electrodes for dielectric measurements (Novocontrol GmbH, 125 K < T < 525 K on heating at
dT/dt = 1 K/min, 0.01 Hz < f < 10 MHz). The dielectric response of composites was found to be
determined by the response of the polymer matrix and BFO loading results in an increase in ¢’ and €”
values. The €’(®) dependence at room temperature can be described by the logarithmic mixing rule.
BFO was found also to affect the dynamics of segmental motion in the amorphous phase of the matrix:
the freezing temperatures of dipolar motions are shifted upwards and the activation energy decreases with
the increase in the volumetric fraction of BFO.

Magnetic properties of the composites were studied in the temperature range from 10 to 300 K with
a Vibrating Sample Magnetometer probe installed on a PPMS system fitted with superconducting 9 T
magnet. Ferromagnetic hysteresis loops with magnetization increasing with the BFO volumetric fraction
@ in the composites were observed and related to a surface spin disorder and incomplete spin rotation
along the wave vector direction in BFO nanocrystallites.
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Fig. 1. loge’ versus logf for BFO-PVDF nanocomposites of various volumetric fraction ® at room temperature.
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We have prepared a new-generation nanocomposite materials (NCM) based on magnetic micro (MIP)-
and macroporous (MAP) alkali borosilicate glasses in which magnetic atoms are incorporated directly
into the matrix skeleton. In these matrices, pores form a through three-dimensional dendrite system with
a total porosity reaching up to 40 - 50% of the sample volume. Dielectric and magnetic characteristics
of these matrices were studied, and it was confirmed that matrices demonstrate magnetic properties.
The field dependences of the linear and volume magnetostriction were determined [1], that opened
the way to the creation of a new class of multifunctional materials with spatially separated ferroelectric
(embedded inti the pores) and magnetic (in the matrix skeleton) ordering. The presence of magnetostriction
and a developed interface between embedded ferroelectrics and magnetic matrix ensure the interaction
between these subsystems. In order to check for the possibility of magnetic control over the ferroelectric
subsystem, nanocomposite materials have been prepared on base of macroporous magnetic glasses
(Fe20MAP) with an average pore diameter of 50(5) nm, which contained embedded KH,PO, (KDP)
and NaNO,. The dielectric response of NCM Fe20MAP+KDP have been studied in magnetic fields
0 - 12 T, the temperature dependence of order parameter in NCM Fe20MIP+NaNO, have been studied
in magnetic fields 0 - 2 T by neutron diffraction.
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T.K

Fig. 1. Temperature dependences of capacitance C measured for Fe20MAP + KDP nanocomposite on cooling
(dotted line) and heating (solid line) in (a) zero field and (b) external field of B =10 T. Vertical lines indicate the
positions of maximum on the C(T) curves.

Principle results: 1. In NCM Fe20MAP+KDP TC increases on 6 K at magnetic field 10 T. 2. Application
of magnetic field 2 T to NCM Fe20MIP+NaNO, changes the dependency 1(T) near the ferroelectric phase
transition and decreases T, but at RT we have not observed any alteration of intensities of elastic peaks
depending on ferroelectric order parameter.
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We have analyzed properties of the hexagonal 4H-SrMnO; starting by calculating the low-energy
electronic structure of the Mn** ion in distorted octahedral oxygen surroundings. Similar investigation
for the cubic phase C-SrMnO; we have presented in [1]. We treat the Mn*" ion as the strongly-correlated
3d?® system with the ground atomic term 4F. 4H-SrMnO, becomes antiferromagnetic below Ty of 286 K
[2]. The “F term is 28-fold degenerated. This degeneracy is lifted by the combined action of the dominant
octahedral crystal field and off-octahedral distortions [Fig. 1].
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Fig. 1. The splitting of the lowest 4F electronic term of the Mn** (3d?) ion in SrMnO; by the crystal-field
interactions of the octahedral symmetry.

This study is concentrated on the explanation of the temperature dependence of the specific heat showing
a pronounced A-type peak at Ty [3]. We have calculated the d-electron contribution, using the crystal-field
approximation [4], to the specific heat both in the antiferromagnetic and the paramagnetic states of the
hexagonal polymorph 4H-StMnO,. We found that the trigonal distortion modifies the electronic structure
associated with the *A,, subterm largely influencing the magnetic-moment value and stabilizing direction
of the magnetic moment within the elementary cell.
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The search for suitable energy storage devices has been the subject of many investigations. Rechargeable
zinc-air batteries are promising power sources that use inexpensive and environmentally benign materials.
The high specific charge of zinc and oxygen electrodes offers the possibility to design batteries having
exceptionally high specific energy. Recently much attention has been paid towards the development
of efficient cathode catalysts. Development of efficient bifunctional catalysts, simultaneously active
for oxygen reduction reaction (ORR) and oxygen evolution reaction (OER), remains to be a biggest
challenge.

The aim of the present work is to study oxide materials from Ni,Co;, 0O, system, where x = 0.7, 1.4, 2.1
as potential bifunctional catalysts for oxygen reduction reaction (ORR) and oxygen evolution reaction
(OER). The materials are prepared by means of Pechini method and characterized by physical and
electrochemical methods. The structural properties have been examined by X-ray diffraction, X-Ray
Microtomography. Infrared spectroscopy, Differential thermal analysis. The XRD analysis shows that
the oxides crystallize in a cubic spinel phase. The IR spectra are typical for cubic spinels with two bands
of high intensity in the range 550 - 690 cm™'. The electrochemical properties of the samples were studied
by cyclic voltammetry elucidate the electrochemical behaviour of the samples.

The surface morphology is revealed by SEM image. They shows that the particles are mostly spherical
in shape with size between 50 - 100 nm. Impedance investigations have been performed by using
impedance spectroscopy at different temperatures.
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TInS, crystals (monoclinic modification) belongs to low-dimensional compounds TIMX, (M=Ga, In;
X=Se, S, Te), which are a wide-band gap semiconductors and ferroelectrics with a layered structure.
An important feature of these crystals is the existence of successive phase transitions (PT) which are
accompanied by the formation of incommensurate (ICP) and commensurate (CP) phases in the temperature
range 190 - 240 K. Additionally, layered crystals TlInS, characterized by a high concentration of defects
of various types which significantly influences on the formation and properties of the ICP. The system
of the defects can be changed by irradiating of the crystal with electrons and y-radiation.

In our previous study it was observed the formation of modulated structures (ICP) in unirradiated crystals
near 238 K with wave vector q(-3, 0, +0.25) and q(+9, 0, -0.25) (6 = 0.04) [1], and the increasing of the
modulated satellites intensities at T = 214 K with further cooling. In presented work it was shown that
after the irradiation of C-TlInS, crystals quite intensive satellites were observed even at room temperature.
These satellites were more elongated in the a*-direction and without pronounced maxima. Thus, we can
conclude that the irradiation the sample leads to the change of the points defect concentration. One may
assume that in this case the fluctuations in the system of radiation-induced point defects lead to the
formation of defect density waves (DDW). The DDWs, in turn, stimulate the creation of static atomic
displacement waves. To verify this assumption molecular dynamics simulation of the simple two-
dimensional square lattice (Fig. la) were carried out. It was shown on such a simple model [2] that the
removal an atom from the lattice with subsequent relaxation on the vacancy leads to a static displacement
waves (1b, 1c). On this model it was shown that the formation of the DDW can be accompanied
by the appearance of static atomic displacements waves with different incommensurability parameter.

“©

Fig. 1. The atomic displacements in the two-dimensional square lattice with defects.
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The terphenyl derivatives have been studied since the beginning of the liquid crystal research [1] and
it has been established that they have great potential. Generally they exhibit rather high transition
temperatures, which can be overcome by a lateral substitution. Very often fluorinated terphenyl derivatives
were prepared and studied [2]. On the other hand, the mesomorphic properties are influenced not only
by the character of the molecular core, but also by the character of linking groups and/or type of the chiral
moiety. Lactic acid unit was often utilized in the chiral part for the synthesis of new liquid crystalline
compounds [3]. Such derivatives exhibited good chemical and optical purity, thermal stability and their
chirality is strong enough to promote the ferroelectricity.

Herein, new lactic acid derivatives, based on terphenyl molecular core laterally substituted by chlorine
atom, have been synthesized and their liquid crystalline properties studied. We varied the molecular
structure by prolonging the non-chiral chain and analyzed the mesogenic properties with respect
to its length. We found that all studied compounds reveal the SmA*-SmC* phase sequence in an extremely
broad temperature interval. The experimental techniques, namely the polarizing optical microscopy,
differential scanning calorimetry, x-ray diffraction and helical pitch measurements, have been applied
to establish the physical properties. Studied compounds exhibit very high values of the spontaneous
polarization and the tilt angle grows continuously on cooling up to 42 degrees. The pitch values drop
down when prolonging the molecular non-chiral chain.

In comparison with analogous lactic acid derivatives based on different molecular core [4] we can conclude
that we reached broadening of the mesophase temperature interval down to the room temperatures.
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Fig. 1. Chemical formula of studied compounds designated as SOS n/6.
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The blue phases (BPs) of chiral liquid crystals typically occur within a narrow temperature range between
the chiral nematic and isotropic liquid phases [1-2]. Their origin has been ascribed to a competition
between an intermolecular twist induced by chirality and the necessity of the molecules to fill space
uniformly. This competition results in the mesogen self-organizing into double-twisted cylindrical
structures that are separated by disclination lines. Three different network structures are known
to form distinct blue phase morphologies with increasing temperature: these are denoted as blue phase I
(BPI), blue phase II (BPII), and blue phase III (BPIII). In comparison to conventional nematic materials
the blue phase exhibits several revolutionary features. First, it does not require any alignment layer, such
as polyimide, which simplifies the manufacturing processes and reduces the cost. Second, the electro-optic
response times, rise as well as decay time, are lower than 1 ms [3]. From an application viewpoint, blue
phase liquid crystals with fast response are of interest for high speed light modulators, tunable photonics
crystals, three-dimensional lasers, as well as new-generation displays. Many of these investigations
are still at the exploratory and laboratory stage.

In this presentation, we will investigate the physical properties of the obtained liquid crystalline
mixtures exhibiting BPs such as: (a) temperature range of occurrence of BP, (b) the number of BP phases
or (c) grain size of typical mosaic texture of BPs. In order to obtain material exhibiting BPs the mixtures
of selected nematic liquid crystals and chiral dopant will be prepared. Systematic study of chiral dopant
in function of concentration in liquid crystals will be performed. Furthermore measurements in variable
thickness of the sample for selected mixture will be presented.
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Topology of composites plays an important role in the dielectric response of high-permittivity and highly
absorbing materials with a strong dielectric contrast between the composite fractions.

We studied broadband dielectric response in the 10 - 700 K temperature range using Fourier-transform
infrared reflectivity, time-domain THz transmission spectroscopy, high-frequency coaxial technique and
standard low-frequency capacitance measurements of two types of composites of BaTiO, (BTO) with
30 vol% of NiO: core-shell BTO@NiO and standard topology composites. Both types of composites
were processed using spark plasma sintering technique. The powder of BTO@NiO core-shell particles
with ~200 nm BTO core and several nm NiO shell (Fig. 1) and standard powder of BTO and NiO with
an average particle size of around 0.7 um and 10 pm, respectively, were used to prepare the ceramic
samples.

Experimental data were fitted to obtain the effective dielectric spectra in a broad frequency range and
modelled using the effective medium approximation [1]. Dielectric spectra of the pure components
of BTO and NiO were used from literature [2,3] to model the dielectric spectra of the composites using
different effective medium approaches. At the same time, phonon dynamics and influence of the topology
on the effective phonon behavior will be discussed.
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Fig. 1. Transmission electron microscopy images of BaTiO;@NiO core-shell particles.
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One of the most interesting properties of Sr,Ba, NbO, (SBNx) solid solution is the possibility of tuning
its relaxor properties by variation of the Sr content. For example, the SBN61 concentration belongs
to the most studied uniaxial relaxor ferroelectrics due to its enhanced dielectric and piezoelectric properties
in the operating temperature region of electronic devices.

We intend to present neutron scattering studies of polarization fluctuations in SBN single crystals with
enhanced relaxor properties. We will focus mainly on the diffuse scattering which is known to come from
a very dense domain structure with 180-degree domain walls (see Fig. 1a) and from critical fluctuations
in the phase transition region [1,2]. Both contributions give rise to a disk-like shape diffuse scattering (see
Fig. 1b) at similar momentum transfers and therefore they are difficult to separate from the experimental
data (Fig. lc, d). However, they show different temperature dependences and distinct changes under
the bias electric field [1]. We will discuss the behaviour of these two contributions under electric field
and thermal treatments and compare them to dielectric measurements.
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Fig. 1. Sketches (a) and (b) indicate a typical nanodomain structure of a uniaxial relaxor and the equi-intensity
surface of the associated diffuse scattering. Example of this transverse diffuse scattering (c) in an intensity map
of elastic scattering (indicated by arrows) at 380 K in SBN50 on IN20 and (d) in elastic scans at Q = (q,0,2)

in SBN61 single crystal on IN3 ILL, Grenoble.
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Frequency dependencies of conductivity 6¥(®), [6*(®) = 6’(®) - 6”(w)] of the most common disordered
ion conductors show an universal frequency response, the so-called first and second universalities
[1,2]. The first universality is related to the thermally activated hopping mechanism of ionic migration
(conductivity) through solid state in microscopic scale whereas the second universality, often called
Nearly Constant Loss (NCL) effect, is the effect observed at sufficiently low temperatures or in a range
of high frequencies. In such conditions the translational movements of ions through solid state do not
contribute to dielectric loss.

In this contribution we presents the results of conductivity measurements for single crystalline
(NH,);H(SO,), (AHS) in crystallographic a direction. This crystal belongs to family of crystalline proton
conductors which undergo a phase transition from low (at lower temperatures) to high conductivity phase
(at higher temperatures). The AHS crystal undergoes superprotonic phase transition at 413 K. Fig. la
shows the temperature dependence of DC conductivity (Arrhenius plot) whereas in Fig. 1b the master
curve for the low conducting phase is presented.
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Fig. 1. Arrhenius plot of AHS along a direction (a). Master curve of the real part of conductivity for AHS
in low conducting phase (b).

We prove that conductivity spectra of (NH,);H(SO,), show in the low conducting phase similar universal features
as common disordered solid state ionic conductors.
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(NH,);H(SeO,), belongs to the group of hydrogen bonded crystals of general formula M;H(XO,),, where
M = NH,, Rb, K, Cs and X = S, Se. All the crystals undergo structural superionic phase transitions
at elevated temperatures. Above superionic phase transition temperature Tg the proton conductivity
reaches values up to ~107 S/cm with activation energy E, = 0.30 - 0.60 eV, depending on the crystal
formula and the direction.

The ammonium salt shows a rich sequence of phase transitions. The two high temperature phases |
and II, in descending order of temperature, are trigonal (R3m and R3, respectively) and exhibit a high
proton conductivity. The fast proton diffusion in the phases I and II is conditioned by an excess of
structurally equivalent positions for protonic charge carriers in the crystal lattice combined with a high
molecular dynamics. Although the low temperature phases do not comprise excess positions for protons,
their proton conductivity is relatively high and an increasing molecular dynamics is observed on heating
far below phase III-II transition temperature Tg, = 300 K. In order to evidence the build up of molecular
dynamics as temperature approaches T, we present here the results of electric impedance measurements
of (NH,),H(SeO,), along the monoclinic c¢* axis. We studied dielectric properties of the phases IV
and III over a wide range of frequency and temperature. The presented findings give a new insight into
the evolution of molecular dynamics and its relation to proton transport mechanism.

It is known, that the frequency dependence of conductivity follows the Jonscher’s universal
dynamic law o(®) = 6(0) + Aw®®. The obtained s values vary slightly in a narrow range between 0.40
and 0.45 in the monoclinic (space group C2/c) ferroelastic phase IV (below Ty, = 273 K) and point
to the hopping mechanism of proton conductivity. The behavior of the exponent changes considerably
in the ferroelastic triclinic (CT) phase II1, where it decreases stepwise at Ty, and lessens rapidly with
increasing temperature to reach a value close to zero at Tg,. Such behavior points to an appreciable
increase in lattice disorder when approaching the superionic phase. In other words the intermolecular
interactions in the lattice become increasingly averaged as temperature approaches Tg,.

The electric modulus formalism was used to the analysis of electric relaxation in (NH,);H(SeO,),.
The frequency dependence of the imaginary part M"” of the electric modulus M* shows asymmetric peaks
which shift toward higher frequency with temperature. The frequency at each peak position separates
frequency range of a long distance proton transport (below) and localized motion (above). Similar
behavior is observed in both phases IV and II1, but the peaks are higher in the phase III. The conductivity
relaxation times t were derived from the condition 2xf,, t = 1, where fmax is the frequency at the peak
position. Reciprocal temperature plot of T shows the Arrhenius behavior T = t,exp(E/KT) in both phases
with the exception of the high temperature end of the phase III (close to the superprotonic phase), where
a rapid decrease in 7 is observed. The calculated activation energies of t are 0.36 eV in the phase IV
and 0.82 eV in the phase III and agree satisfactorily with the values obtained from the conductivity
measurements.
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Four newly synthesized at MUT ferroelectric liquid crystals were investigated be means of dielectric
spectroscopy. All compounds exhibit para- and ferroelectric phases, while compound 1 shows also wide-
temperature antiferroelectric phase.

Compound 1 C4F7CH,0 (CH,); O COO C*H (C,Hg) CoHyy (S)

Compound 2 C4F7CH, O (CH,)s O €00 COO C*H (C;Hg) CsHy4 (S)

X

Compound 3 C4F, CH, 0 (CH,); O coo

.

COO C*H (C,Hy) CoHyy (S)

F

-

X
2283

Compound 4 CoF CH, 0 (CH,); O coo COO C*H (CHy) CHy, (5)

Investigated compounds show interesting dielectric properties. Fig. 1 shows that for compound 1
it is difficult to define the temperature of phase transition SmC* - SmC,*. It is good example
of confirmation that this phase transition is the second order one. Results for other compound are shown
and discussed. 10 V DC field is enough to suppress Goldstone mode. Soft mode in SmA* becomes
visible. Surprisingly only PH mode is observed in SmC,* while PL mode is not detectable.
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Fig. 1. Real part €’ of electric permittivity for compound 1 versus temperature at five frequencies of measuring
field (100 Hz, 1 kHz, 10 kHz, 100 kHz, 1 MHz). Left - no DC field, right - 10 V DC field.

Investigations supported by University grant PBS 23-652.

104



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016
POSTER - 36

STRUCTURAL AND ELECTRICAL FEATURES INDUCED BY LEACHING
PROCEDURES ON LiNbO, CRYSTALLINE POWDER SAMPLES

J. Piecha', M. Dabioch?, A. Leonarska'
!Institute of Physics, University of Silesia, 40-007 Katowice, Poland
Institute of Chemistry, University of Silesia, 40-006 Katowice, Poland
julita.piecha@us.edu.pl

The crystalline powders of congruent lithium niobate were studied. Measurements were carried out
on pure (reference) powder and powders modified by leaching procedure. Leaching reactions were
conducted at redistilled water and at concentrated nitric acid at temperature of 80 °C for 48 h each.
Reaction carried out in nitric acid environment led to proton exchange Li*/H" [1]. The concentration
of lithium and niobium in liquid solutions was determined using an optical emission spectrometry with
excitation by argon inductively coupled plasma (ICP-OES). The X-ray powder diffraction (XRD) test
was performed to verify the stability of crystallographic structure of the powders of LiNbO, [2] affected
by the leaching procedure. The ICP-OES and XRD measurements were conducted at room temperature.
For leached powder sample, the intensity of diffractogram pattern was significantly lower than the
intensity obtained for the reference powder sample, however the space group R3c was maintained.
Electrical studies were carried out to check the influence of leaching reaction on electric permittivity
and loss coefficient tand [3,4]. The spectra were obtained for frequency range from 20 Hz to 1 MHz,
measurements were conducted at temperature range from 300 K to 600 K.
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INFLUENCE OF THERMAL TREATMENT
ON PROPERTIES OF BiMnO, CERAMICS

M. Pilch and A. Molak
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We have developed the means to sinter BiMnO, in N, flow. The X-ray diffraction test has indicated
occurrence of two phases with monoclinic and centrosymmetric symmetries. Grain structure
and stoichiometry has been observed by scanning electron microscopy whereas local disorder by X-ray
photoemission spectroscopy. We have described the role of N-induced modification of band gap assigned
as O2p, Mn 3d charge transfer, with some addition of Bi 6p states. Electric conductivity has been
measured in the 100 - 770 K range. The electric impedance measurements show marked dispersion.
The studied fresh ceramics confirm semiconductor properties.
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SPECTRAL INVESTIGATIONS OF PROTON CONDUCTING MATERIAL
(IMD),Se0, 2H,0
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In this work, the vibrational properties of imidazolium selenate dihydrate crystals will be presented
and discussed. In this system, the SeO, ions form a hydrogen bond network and protons can effectively
diffuse through the network at high temperature in the superprotonic phase. The selenate anions SeO,*
have slightly distorted tetrahedral geometry and together with the water molecules form the three
dimensional network with the strong hydrogen bonds of the O-H...O type. The imidazole cations are
almost flat and exhibit the characteristic deformation of the heterocyclic ring from pentagonal form [1].
In our investigations we used IR and Raman spectroscopy, supported by DFT calculations. Raman
spectra were recorded with the excitation line A = 514 nm on a Jobin-Yvon HORIBA LabRAM HR
800 spectrometer. The FT-IR absorption spectra of imidazolium selenate dihydrate were measured
in KBr pellets (c = 1:2000) in the range between 400 and 7500 cm™ using a FT-IR Bruker Equinox 55.
We have performed the quantum-chemical calculations of normal modes with the Gaussian 03 sets
of codes. The B3LYP hybrid density functional and 6-311++G(d,p) basis sets were used. The initial
geometry in optimization process was taken from X-ray data [1].

In the Raman and IR spectra of imidazolium selenate hydrate, the most intensive bands observed
at 1224, 1463, and 1597 cm™! are related to the imidazole cation. The last mode is due to the stretching
C=C bonds within a pentagonal ring, whereas the other bands are mainly due to the carbon-nitrogen
stretching vibrations. In our theoretical considerations we assumed that in our system we could have
SeO,* anions with T, symmetry, HSeO, ion with C;, or C, symmetries, and/or H,SeO, with C, symmetry.
Such assumption may be justified because in our system we have distorted selenate anions caused
by interactions with the neighbouring hydrogen atoms. Taking into account theoretical predictions we
could give the interpretation of our experimental data. The bands at 1124, 1052, 913, 640 cm' are assigned
to H,SeO,, the bands observed at 1094, 882, 849, 826, 415 cm are assigned to HSeO, ion, whereas
bands at 804, 794, 440, 336 cm™ are due to SeO,* ions. These results show that for (IMD),SeO,2H,0
the high mobility of protons is present. In the investigated crystal the OH stretching absorption bands
reveal the characteristic ABC structure expected for short hydrogen bonds, with maxima at approximately
~2800 cm™! (A), ~2600 cm™! (B), and ~1900 cm(C). Such structure may be explained on the basis
of Fermi resonance between the OH stretch, the overtone 2yOH and the combination BOH+yOH [2].
The bands at about 980, 590 cm™ in IR spectrum can suggest that hydronium ions H;O" [3] is present in
our compound.
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Bismuth ferrite, interesting for applications in information storage and sensors, exhibits antiferromagnetic
properties below Ty~ 640 K and is ferroelectric below T.~ 1100 K [1-3]. The temperature T was found
to be shifted downwards in BiFeO;-LaFeO; solid solution, which is expected to increase the magneto-
electric coupling [4]. As a decrease in the particle size below the periodicity of cycloid modulation
(62 nm) can modify the magnetic properties we studied the properties of Bi, La FeO, nanosize powders
produced by mechanical synthesis.

The Bi,0,, Fe,0;, La,0, oxides (Aldrich, 99% purity) of weight ratio corresponding to the x value were
mechanically activated in a SPEX 8000 Mixer Mill at room temperature in the air. The weight ratio
of the stainless steel balls to the oxides was 2:1. The synthesis was controlled by XRD and the powder was
characterized by TEM and NIR Raman spectroscopy. Magnetic properties were measured with Quantum
Design PPMS System. The powders obtained after 120 h milling of the oxides were found to exhibit
rhombohedrally distorted perovskite structure and TEM observations show that the powder forms irregular
100 - 150 nm loosely packed agglomerates of oval 10 - 30 nm grains. The nanograins exhibit core-shell
structure with crystalline core surrounded by a disordered shell (1 - 2 nm thick). Thermal treatment
(1 h at 500 °C) results in a disappearance of the shell and an increase in the grain size to 40 - 50 nm.

FT NIR Raman spectra of as synthesized nanopowders are characterized by broad bands. Crystallization
of the shell is observed as band narrowing and the structure of the spectra becomes richer.
The nanopowders of Bi,_ LaFeO, solid solutions with core-shell structure of the grains were found
to exhibit field-dependent x(T) anomaly at ~ 8 K in ZFC measurements, whereas a continuous increase
in the y values was observed down to 2 K in FC-experiments. Magnetic hysteresis loops were observed
for the compounds both as-prepared and annealed. The magnetization loops were not really saturated
which points to basic antiferromagnetic nature and the annealing was found to decrease the magnetization
considerably. The improvement of magnetization in nanosize particles obtained by mechanical activation
we would like to relate both to lack of spin compensation in the cycloid along the direction of the
wave vector and an increase in the spin canting due to the stress extended by the grain shell resulting
in ferromagnetism.
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A family of the cyano-bridged coordination polymers (CPs), which undergo transition between high and
low dielectric state upon thermal stimulus, are promising materials with potential application in electrical
and electronics devices. The good examples of such materials are crystals with perovskite type structure,
where the organic-inorganic hybrids with the general formula RMX, (where R - organic cation, M - metal,
X - halogen atom) have the same crystal structure like perovskite CaTiO;. The best known compound
from this group is the crystal of methylammonium iodoleadate (MAPbI,), which was applied in the
photovoltaic, show extraordinary large efficiency of a conversion of the solar light into electric energy,
even exceeded that of the silicon systems of the mixed inorganic semiconductors. The carefully designed
cage compounds with organic quest molecules as cations, may give materials where solid-to-solid phase
transitions, with different nature, like order-disorder or displacive-type, can be observed. However, quests
should have relatively small dimensions, a spherical form and be endowed with a dipole moment in order
the dynamical effects could be observed. Moreover, the switchable quest cations into the well-matched
anionic host framework should possess a relatively large freedom for rotation, i.e. they should have the
possibility to jump between at least two positions energetically equivalent. The reorientation of the polar
quest may result in a switch of the polarization. The molecular dynamics affects the dielectric constant,
non-linear optics, magnetic susceptibility. Recently, the CPs crystal of K Fe(CN), with methyl derivatives
of amine cation as quest molecule has been investigated [1]. The electric studies concerned however
a polycrystalline form of the compound. Encouraged by these pioneering studies we would like to report
the result on the dielectric parameters for the single crystals (CH,NH,),KFe(CN),. On the basis of these
parameters the dynamics model of the cationic motions will be proposed. The detailed analysis of the
structural properties would allow us to describe a correlation between the microscopic structure and the
dielectric and optical properties of crystals.
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This study investigates the behavior of nanoporous materials under compression. Some porous materials
respond to the application of an external force in a sequence of jerky events (avalanches) due to the
correlated collapsing of nanometer-scaled pores. These avalanches show scale-invariance and appear
in broad size distributions (power-laws). It has been discovered that such jerky events are independent
of both the macroscopic and microscopic details of the systems [1] and, therefore, the critical exponents
of such power-laws are universal. In order to study universality and derive values for critical exponents
renormalization group methods are used. Crackling exhibits many similarities to phase transitions near
the critical point and tools that are usually employed to study phase transitions are useful in investigating
crackling behavior as well.

The measurement technique involves an analysis of strain drops with a Diamond DMA (Dynamical
Mechanical Analyzer, PerkinElmer) at slowly varying compressive stress (0.1 mN/s - 10 mN/s).
The samples selected were on the one hand Gelsil and Vycor, both SiO,-based synthetic materials, which
have been studied previously with acoustic emission and, on the other hand, Shale which is a natural
porous sedimentary rock. The jerky evolution of the sample's height with time is analyzed in order
to determine the corresponding power-law exponents for the maximum velocity distribution, the squared
maximum velocity distribution as well as the aftershock activity in the region before macroscopic failure.
A comparison with recent results from acoustic emission data on the same materials [2] shows similitude
in the statistics, although the two methods operate on different spatial and temporal scales. Moreover,
the obtained power-law exponents are in reasonable agreement with theoretical mean-field values [3].
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The influence of external stress (< 800 bar) on the dielectric properties of PLZT x/65/35 (2?x?13) ceramics
was investigated. The high density of the PLZT x/65/35 (x=2, 4, 6, 7, 9.75, 10, 11 and 13) ceramics with
the average grain size of ca. 5 - 8 um was obtained by the two-stage hot-pressing technology. Applying
uniaxial pressure leads to a change in the peak intensity of the electric permittivity of its frequency
dispersion as well as in the dielectric hysteresis. Results based on nanoregion switching processes under
combined electromechanical loading were interpreted.

A correlation between the experimental data was determined. A counted correlation coefficients illustrated
a quantitative measure of some type of correlation and dependence. Types of correlation coefficients
included Pearson product-moment correlation coefficient and Spearman's rank correlation coefficient.
A Kolmogorov Smirnov test was used to compare results.

Surveys demonstrated that applied stress has a significant influence on the dielectric properties of PLZT
ceramics.
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Liquid crystal gels are attractive kind of functional materials characterized by new electro-optical,
dielectric and other physical properties which can be used in display technology [1-4]. Usually the gel-
former agent is dissolved in liquid crystal and can form a hydrogen-bonding network in the liquid crystal
host [1]. This network can be destroyed by heating and associated by cooling of the system. Some gelators
can be switched by UV-light from #rans to cis conformation which has an impact on the switching time
in FLC-gel systems [4].

In the present study, broadband dielectric spectroscopy (BDS) was applied to investigate the dynamics
of the soft mode and the Goldstone mode in a pure ferroelectric liquid crystal mixture (FLC13 Clariant)
and FLC13 containing some weight percent of organic gel-forming agent PD4HG [4]. In the bulk FLC13
the dynamics of collective relaxation processes shows characteristic features: i) the soft mode present
in the SmA phase splits into the Goldstone mode and the soft mode in the SmC* ferroelectric phase, ii)
the characteristic frequency of the soft mode in the SmA phase decreases and in the SmC* phase increases
with decreasing temperature but the dielectric strength increases in the SmA phase and decreases
in the SmC* phase, iii) the Goldstone mode in the SmC* phase masks the rather weak soft mode
and can be suppressed by an electric field. The characteristic frequency of the Goldstone mode is nearly
temperature independent.

After adding PD4HG gelator to the FLCI3, the dielectric measurements were performed
on the fresh samples, after annealing in proper temperature and after heating above the gelation point.
BDS measurements show that dynamics of the Goldstone mode is altered by the presence of gel-
former hydrogen-bonded structure in the FLC13. The dielectric relaxation strength of the Goldstone
mode changes with the gel-former concentration and thermal treatment of the FLC-gel samples, which
can be related to differences in the gel structure created in FLC13. Some molecules participating
in the fluctuation of the azimuthal angle on the cone can be immobilized by the hydrogen-bonded gel
network which causes a decrease of the Goldstone mode dielectric strength.
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RELATIONSHIP BETWEEN DIELECTRIC AND ELASTIC PROPERTIES
OF THE POROUS CERAMICS
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The problem of cross-property connection between physical quantities of different origin is of great
interest in various fields of material science, particularly in cases when various properties are not known
or difficult obtainable, while others can be more easily measured. In porous materials these can be, e.g.,
electrical conductivity, fluid permeability, mechanical properties represented by the Young's modulus,
porosity, etc. The overall macroscopic properties and their interrelationships depend on the micro-
structural parameters such as volume fractions of components, shapes and distribution of grains and
pores, and general treatment of this problem is considerably complex [1-3].

In this contribution we study the model, which was previously successfully used to describe the dielectric
properties of the porous perovskite ceramics PMN. Using the finite element analysis the effective
dielectric and elastic properties of the samples with several porosities is calculated. Numerically obtained
dependences of the Young's modulus and permittivity on the so-called percolation strength (i. e., electrical
structural parameter) is compared with various existing formulas [3].
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PbFe,,Ta,,0; (PFT) belongs to the rich family of double perovskites Pb(M***, ,M™**, ,)O, with M’=Fe,
Sc, In, Yb, and M”=Nb, Ta, Sb. In these compounds, M’*" and M*" cation positions may be either
ordered or disordered. As a rule in the ordered state these perovskites have non-diffused ferroelectric
or antiferroelectric phase transitions while in the disordered state they exhibit a relaxor behavior [1].
Recently we found out [2] that in contrast to PFT single crystals [3] and ceramics obtained by a routine
solid state reaction route [4], PFT ceramics sintered from mechanoactivated powders do not show relaxor
properties in the 102-106 Hz frequency range though Fe and Ta cations are disordered.

In the present contribution, complex dielectric permittivity of the PFT ceramics sintered from
mechanoactivated powders were obtained in the low-frequency (1 Hz - 1 MHz), microwave
(1 MHz - 1.8 GHz), THz (100 - 500 GHz) and infrared (I - 100 THz) regions. PFT undergoes
phase transitions from the cubic paraelectric (Pm3m) to tetragonal ferroelectric (P4mm) phase
at T, =240 - 270 K, and then to the monoclinic ferroelectric (Cm) phase, at T, =200 - 220 K [5]. Both
ferroelectric phase transitions are revealed in the temperature change of permittivity and pyroelectric
current. Measurements of polarization hysteresis loops revealed a well defined ferroelectric behavior with
saturated polarization up to 15 uC/em? (E, ~ 20 kV/cm at 50 K) and a remnant polarization appearing
below ~ 280 K.

THz and far IR studies revealed hardening and splitting of the soft mode below T,. Additional heavily
damped phonon is seen below the soft mode frequency. The same mode is well known in all relaxor
ferroelectrics [6]. Its origin will be discussed.
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Materials confined in nano-scale geometries exhibit very rich physics [1] and are interesting not only from
the fundamental point of view, but they are of increasing importance for nanotechnology applications. Size
effects play an important role at structural phase transitions, melting transitions, in martensitic materials
[1], glass transitions, etc. Very often the question arises, whether a measured size effect originates from
the confinement itself, or if it appears due to the interaction with the limiting surface. Using Dynamical
Mechanical Analysis (DMA) technique we have studied various molecular glass forming liquids [2]
as well as supercooled water [3] confined in nanoporous silica and phase segregated polymers [4].
We show on various examples that DMA measurements can help to disentangle bulk and surface effects
in many important systems, including even freezing of water in biological materials (Fig. 1).
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Fig. 1. Temperature and frequency dependence of the imaginary part of Young’s modulus of white bread.
White bread contains approx. 38% of water and exhibits a similar freezing scenario as water in Vycor [3].
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The results of optical investigations of isotropic - nematic (I-N) and nematic-smectic A (N-A) phase
transitions in porous polyethyleneterephthalate (PET) films filled with octyl-cyanobihenyl (8CB)
are presented. The samples of porous films of a thickness 23 pm with normally oriented cylindrical pores
of a radius R ranging from 10 nm to 1000 nm were prepared by the well-known technology of production
of track-etched membrane. Dynamic light scattering method [1] was used to study orientational
fluctuations of a liquid crystal at strong confinement. The relaxation rate t of the orientational fluctuations
as functions of the radius and temperature were determined. The latter dependence was obtained at slow
cooling (0.3...0.6 K/h) which is needed for correct determination of the transition temperatures [2].
The example of t(T) dependence presented in Fig. 1 (left) demonstrates the high sensitivity of this
parameter to the phase transformations in liquid crystals. The dependences of I-N and N-A phase
transition’s temperatures on a pore radius are shown in Fig. 1 (right). The obtained results are analyzed
in the frame of Landau-type phenomenological approach and compared with the results of calorimetric
studies of 8CB confined to controlled-pore glass [2].
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Fig. 1. Temperature dependence of relaxation rate t for d =400 nm and dependences of I-N (©) and N-A (e) phase
transition’s temperatures on a pore diameter.
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BaTiO;+0.1%Eu ceramics were prepared by solid-state reaction method. The dielectric behavior of these
ceramics as a function of uniaxial pressure has been systematically studied. The external stress showed
obvious effects on these properties. An increase of the Curie point (T.) and decrease of the Curie-Weiss
temperature (T,) was observed with increasing pressure, resulting in an increase in the first order nature
of the phase transformation (T, - T, decreases). The broadening and flattening of the permittivity versus
temperature curves near their maximum were found. This could be ascribed to the inducing of non-
ferroelectric cubic islands in the tetragonal phase by the applied compressive stress. On the other hand
the pressure behavior of thermal hysteresis and the de/0T vs. T plot strongly suggests that the phase
transition changes to second-order type with increasing pressure. The Curie-Weiss constant obtained from
a modified Curie-Weiss law strongly decreases with increasing pressure, suggesting that the mechanism
of phase transition is going to order-disorder type. An increase in the difference between the Curie T,
and Burn’s Ty temperatures with increasing pressure is observed, resulting in an narrowing of the
temperature range on which the Curie-Weiss law is valid. Some kind of relaxation near T, which
is strongly coupled with strain caused by applied compressive stress, is postulated. In general, the obtained
results are similar to these obtained for pure BaTiO;.
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The increased energy demand of our society forces ecological power sources development.
The lithium ion batteries are among the most used devices in consumer electronics. Wide application
is due to their advantages: (i) lightweight; (ii) high working voltages resulting in high capacity; (iii) wide
temperature range; (iv) quick charging; (v) long cycle life. The traditional electrolytes in lithium batteries
which consist of organic lithium salts often are the reason for problems like formation of interphase
and irreversible capacity losses, limit in the working temperature and decrease of the lithium batteries
safety. By using solid state electrolyte one can overcome most of the problems. The search of new
materials with properties suitable for an electrolyte is an essential scientific task.

The LiNaSO, is a promising candidate due to the existence of high temperature phase which ordinarily
is highly ion conductive.

The present work deals with temperature study of LiNaSO, aiming to derive the correlation between
the structure modification and electrochemical behaviors.

The samples are synthesized mechano-chemically for 8, 24, 52 and 72 hours. The results of X-ray analysis
at ambient temperature shows only phase of LiNaSO, in all prepared samples.

Ahigh temperature X-ray analysis is performed using Empyrean instrument supplied with special software
and high temperature appliance. The stepwise heating and phase determination at the every temperature
stage of the experiment reveal the existed phases and the percentage of each phase. The expansion
thermal coefficient is calculated from the X-ray data. The transition from f to the highly conductive
o phase is observed at about 540 °C. The results display that the process of transition is completed
at 580 °C.

The increase of conductivity above 540 °C measured by high temperature impedance analysis confirms
the appearance of high conductive phase.
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Lead-containing ceramics based on the solid solution Pb(Zr, Ti))O; (PZT) have been dominating
the markets of electronic devices due to their excellent piezoelectric performance [1]. However, the
toxicity of lead has raised serious environmental pollution. This makes the search for lead-free replacement
for PZT. Na, sBi,sTiO; (NBT) and NBT-based compounds recently became attractive as an alternative
to lead-containing electronic materials [2].

Lead-free (Na,Bi,s),,Sr, TiO; (x=0, 0.04 and 0.06) ceramics were prepared by solid-state synthesis
process. Their dielectric, thermal and Raman properties were studied. X-ray diffraction analysis shows
that the obtained samples possess the perovskite structure with rhombohedral symmetry. SEM results
confirm that the ceramics are well sintered and exhibit relative densities higher than 97%. Dielectric
measurements revealed that electric permittivity increases, the maximum is broadened and shifted
to lower temperature, and local anomaly shows relaxor behavior after Sr doping of NBT. The transition
temperature observed by means of differential scanning calorimetry measurements is in good agreement
with that obtained from dielectric study. The Raman spectra are similar for all samples in agreement with
the X-ray data. The possible origin of the observed effects was discussed.
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The barium titanate (BaTiO,) is one of the best-known ferroelectric materials. The substitution
of Ba by Ca in the BaTiO, results in an improvement of the stability of the piezoelectric properties.
Recently the barium calcium titanate (Ba, Ca, TiO;) solid solution has attracted great attention because
of its applications in the laser systems, electro-optic material for various photorefractive and holographic
applications.

We used the mechanochemical method to obtain nanopowder of several solid-solid solutions
of Ba, Ca,TiO; (0.2 < x < 0.3). The main advantage of this method is the room temperature process
(which does not need any further temperature treatment) and simple oxide used for synthesis.
Ba, Ca,TiO; was synthesized by high-energy milling in SPEX 8000 Mixer Mill from high purity
BaO, CaO and TiO, in stoichiometric ratio. The development of the synthesis was controlled by X-ray
diffraction. Directly after milling nanopowder exhibits the perovskite structure and the reaction has been
completed after 70 h milling.

The properties of pressed nanopowders were investigated by dielectric spectroscopy. The complex
dielectric permittivity was studied in temperature range (300 - 500 K) and frequencies (10 Hz - 1 MHz).
It is interesting to see that there was no frequency dispersion observed in the measured frequency range
for the obtained samples.
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Fig. 1. XRD patterns of BaTiO, and different Ba, ,Ca, TiO; composition obtained after milling for 70 h.
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Technological interest in of Bi,TiNbO, has arrived due to its ferroelectric and piezoelectric properties
that are present up to one of the highest ferroelectric-paraelectric phase transition. Bi;TiNbO, belongs
to the family of Aurivillius compounds, generally formulated [Bi,0,][A, B,O;,.,], are built up
by the intergrowth of Bi-O and pseudo-perovskite layers. Usually Bi;TiNbO, ceramics is prepared
by conventional solid state sintering process. From scientific and technological points of view it is
important how the mechanochemical treatment affects microstructure, crystal structure as well as the
dielectric properties of final ceramic materials. The main advantage of mechanochemical method is room
temperature process (which does not need any further temperature treatment), simple oxides used for
synthesis and final product consists of nanosized grains that usually results in high density ceramics.
The development of the synthesis was controlled by X-ray diffraction and directly after milling
nanopowder exhibits the perovskite structure.

The poster will presented details of used method as well as the comparison of microstructure
and crystal structure of obtained samples. Authors would like to discuss the results of dielectric
spectroscopy investigations, which were carried out temperature range (300 - 1200 K)) and frequencies
(100 Hz - 1 MHz).
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Fig. 1. XRD patterns of Bi;TiNbO, obtained after different milling periods.

Fig. 2. Scanning electron microscope image of the fracture surface of Bi;TiNbO, obtained by conventional solid
state sintering process.
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The electrical properties of composite of two components, epoxy-glue and BiMnO, ceramics, containing
66 wt% BiMnO;, were studied. Reference samples were BiMnO, ceramics with sillenite structure [1]
and epoxy-glue. Secondary electron images and backscattered electron images were collected for the
epoxy and the epoxy-BiMnO; samples. Scanning electron microscopy showed homogenously distributed
BiMnO; powder in the epoxy matrix. It has been detected that the Bi:Mn ratio was different from the
nominal value. Moreover, structure of the samples was determined with use of the XRD measurement
in 300 - 450 K range. The electric impedance was measured for frequencies f = 40 Hz - 1 MHz
in the 180 - 440 K range. It was analysed with use of electric permittivity ¢*(T,f) and modulus M”(T,f)
representations. The tested epoxy-BiMnO, sample exhibited low dielectric losses. The samples
of epoxy-BiMnO; composite show several electric conductivity relaxations. The dominating one
is related to activation energy E, = 0.6 - 1.0 eV, varying with temperature range. Therefore the Vogel-
Fulcher-Tammann relationship was applied for relaxation times obtained from M”(T,f) representation.
The other processes were not resolved clearly. The relaxation times were discussed in framework of the
polymer-ceramic particle interfacial layer model [2].
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In the paper we investigate the pyroelectric properties of triglycine sulfate (TGS) samples using fast
temperature pulses in both ferroelectric and paraelectric phases. Our previous experiments proved some
kind of order in the paraelectric phase, which resulted in pyroelectric response to the fast temperature
pulses, above the critical temperature [1]. Many authors investigate phase transition and structural
changes of TGS and its doped crystals with use of various methods [2,3]. The aim of this investigations
is to find structural origin of ferroelectricity and explain the mechanism of phase transition in TGS family.
In our works we use software and hardware solutions designed and constructed by our team. Results
of our experiments seem to confirm observations of the “evolution” of local order despite of expected
order/disorder character of the phase transition in TGS.

Pyroelectric Pulse heating - response of the sample

b
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Fig. 1. Sample holder for dynamic measurements (A), pyroelectric response of TGS sample on pulse
temperature waveform (B).
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The results of systematic structural investigations of haloantimonate(Ill) and halobismuthate(III)
compounds reveal a great variety of different anionic forms. Most of the compounds, described
by a general formula R,M,Xy,., (Where R denotes organic cations, M stands Sb or Bi and X = Cl, Br,
I), have a tendency to constitute bi- or polynuclear anions in the crystalline state, where the basic
MX6 octahedra share either corners, edges or faces. In spite of the fact that haloantimonates(III)
and halobismuthates(Il) are characterized by a rich diversity of the anionic networks in the crystal
lattices, the ferroelectric properties are limited only to several chemical stoichiometrics namely: R;M,X, |,
RM,X,, R,MX; and RMX, [1], where the cations are usually small in size alkylammonium ones
or five and six-membered heteroaromatic rings. In general, most of the paraelectric-ferroelectric
phase transitions are characterized by an ‘order-disorder’ mechanism connected with the dynamics
of the organic counterions.

In search for new acentric and switchable dielectric phase transition (PT) materials we have extended
our studies to derivatives containing in the inorganic network bulky second order aliphatic amines.
It should be emphasized that simple (1:1) ionic salts built up of expanded second order aliphatic amines,
for example diisopropylammonium chloride and diisopropylammonium bromide [2-3] are very promising
room temperature ferroelectric materials with the spontaneous polarization comparable with those of well
known perovskite-like ferroelectrics (BaTiO;).

In this poster, we present new details of physicochemical properties of organic-inorganic hybrid material,
bis(diisobutylammonium) octabromodiantimonate(III) which was found to undergo isomorphous
structural phase transition of the first order at 222 K (cooling). The proposed mechanism of the PT was based
on the thermal, vibrational (IR) and dielectric studies, while the molecular motions of diisobutylammonium
cations were studied by means of proton magnetic resonance (‘H NMR). Subsequently, the mechanism
of the phase transition is discussed.
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The layered compounds AB(XO,),, where A is an alkaline ion, B a transition metal ion and X is Mo or W
ion, have been extensively studied in the last years. The main interest in these materials is that they have
atwo-dimensional layered structure [ 1] and exhibit several structural phase transitions [2]. One of members
of this family is KSc(WO,),. At T, = 309 K the crystal undergoes a structural phase transformation
of the second order from a trigonal to a monoclinic phase with a doubling of the unit cell along
the three-fold axis of the crystal [2,3]. The second phase transition at T,= 288 K was revealed in the EPR
experiment [3] and was confirmed by heat capacity measurements [4].

The aim of this contribution is to establish the crystal structure of KSc(WO,), in the para- and ferroelastic
phases and to present a more complete description of ferroelastic domain structure and changes
in the optical properties of the KSc(WO,), crystal. Also the AFM examination of the structure of the
surface layer of a ferroelastic KSc(WO,), crystal is described, and the results obtained are connected with
the domain structure observed via microscopy in the polarized light.
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KFe(MoO,), is a member of trigonal double molybdates and tungstates family (TDM/T) with
a general formula AB(XO,), (A=K,Na,Cs,Rb; B=Sc,In,Al,Fe; X=Mo, W). In the high-temperature phase
this crystal is trigonal with space group P3m1[1]. At a temperature of 311 K KFe(MoO,), undergoes
a second-order structural phase transition (3mF2/m) from the trigonal to the monoclinic phase [2]. Another
structural phase transition has been found in this crystal at T,= 139 K [3]; in both low temperature phases
a ferroelastic domain structure based on the domain walls W and W” has been established [4].

The contribution deals with the temperature investigations of the morphic birefringence and domain
structure evolution in KFe(MoO,),. It has been found that the transition at T, consists of two transitions
separated by the temperature interval of about 0.4 K. Both these transitions are of the first order and
are evidenced through a phase front passing, without the domain structure rebuilding. When lowering
the temperature a morphic birefringence has been found to decrease in a step way in these transitions.
From temperature studies of the morphic birefringence a critical exponent of the order parameter has
been estimated.
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Ferroelectric superlattices of [(BaTiOs)y/(SrTiO;),]s, grown on the (100) cut of DyScO,, substrates
by reactive molecular epitaxy were studied by infrared spectroscopy in a broad temperature range from 8
to 650 K. The polarized spectra were measured along and perpendicular to the c-axis from 30 to 650 cm’'.
Simultaneously, the reflectance of the bare substrates was taken under the same conditions to determine
their infrared properties. Using the standard technique of effective medium approximation for multilayers
systems, we could successfully simulate the far-infrared reflectance of the structures and in this way
extract the phonon parameters and determine the superlattice dielectric function.

The superlattice dielectric function shows typical perovskite features with three infrared active phonons.
As the superlattice consists of two components, two phonons show two-mode behavior and one one-mode
behavior. The most significant feature in spectrum is a peak at 100 cm™', which begins to appear below
500 K. It corresponds to the polar phonon lowest frequency in perovskite structures and in bulk materials
it is considered as a soft mode [1]. In our case, practically no softening is observed and the phonon
frequency keeps approximately the same value and only its intensity increases on cooling. The appearance
of the peak coincides with the increase of out-of-plane lattice parameter measured by x-ray diffraction.
This is interpreted as the appearance of a highly c-axis oriented tetragonal phase. Using infrared
spectroscopy we can identify the ferroelectric phase transition into tetragonal phase, which is shifted
by 100 K higher in temperature regarding to bulk BaTiO;. On the other hand T is lower than that found
by Raman scattering for the same superlattices grown on SrTiO, substrates [2].

When the entire contribution of all polar phonons to static permittivity is summed we obtain the value
varying from 200 at 650 K to 450 at 8 K, which is about one half of the value measured in the microwave
frequency region [3]. It means there are other low-frequency contributions to permittivity.

References

[1]J. Hlinka, V. Zelezny, S.M. Nakhmanson, A. Soukiassian, X.X. Xi and D.G. Schlom: Phys.Rev.B 2010;82:224102
[2] D. A. Tenne, A. Bruchhausen, N. D. Lanzillotti-Kimura, A. Fainstein, R.S. Katiyar, A. Cantarero, A. Soukiassian,
V. Vaithyanathan, J. H. Haeni, W. Tian, D. G. Schlom, K. J. Choi, D. M. Kim, C. B. Eom, H. P. Sun, X.Q. Pan, Y. L. Li,
L. Q. Chen, Q. X. Jia, S. M. Nakhmanson, K. M. Rabe, and X. X. Xi: Science 2006;313:1614

[3] Ming Liu, Chunrui Ma, Gregory Collins, Jian Liu, Chonglin Chen, Chao Dai, Yuan Lin, Li Shui, Feng Xiang, Hong
Wang, Jie He, Jiechao Jiang, Efstathios I. Meletis, and Melanie W Cole: ACS Appl. Mater. Interfaces 2012;4:5741

127



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

INDEX OF AUTHORS

Abrashev B - 96
Adamczyk M - 66
Adamczyk-Habrajska M - 70, 121
Algarabel PA - 20
Almeida A - 35,47, 55,71
Amaral VS - 21
Andrzejewski B - 18, 40, 83, 84, 93,108
Antonova M - 78,81,119
Baran] - 124

Bator G - 53,109
Bednyakov PS - 59,100, 114
Belyanchikov M - 46
Biatonska A - 54
Bielejewska N - 90
BlascoJ - 20

BobowskaI - 24,41
Bobrovsky A - 72
Boharewicz B - 73
Borisov S - 30

Bormanis K - 81
Borodavka F - 39, 50, 68
Borovoy N - 97

Bosak A - 30

Bovtun V - 34, 64, 68, 78, 85,100,114,119
Bubnov A - 72,73
BuixaderasE - 65
Bujakiewicz-Koronska R - 74, 91
Burkhanov Anver I - 81
Bursik ] - 68
Bussmann-Holder A - 17
Carvalho TT - 35
Castro-Garcia S - 71
ChenH-114

Chmaissem O - 33
Chrzumnicka E - 90
Chybczynska K - 40,93
CiglM-72,73

Clemens F - 31, 89
CzajaP- 78, 86, 88
CzaplaZ- 51, 56

Dabioch M - 105
Dabrowski B - 33, 34
Dec]-75

Deng Zheng - 50
Docekalova Z - 76
Drahokoupil J - 77
Dressel M - 46

Dubtsov AV - 116

Durlak P- 53

Dutkiewicz EM 78 - 119
Emelyanenko AV - 62
Fabianova K - 77
FabryJ- 79

Fedyk S - 80

Fernandes JRA - 35
Fernandez-Garcia L - 100
Figueiras FG - 21
Fouquet P - 43

Fraczek ZJ - 51,103
Fursenko D - 46

Gagor A-125
Galewski Z - 49, 63
GalloK - 57
Garbarz-Glos B - 81
Glavatskyy I - 94
Glogarova M - 82
Gluchowski W - 83
Goian 'V - 33, 34, 68
Gololobov Yu - 97
Gorshunov B - 46
Gomez-Aguirre LC - 55
Graule T - 31
Greenblatt M - 50
Gregoral- 48,65
Guennou M - 48

Gusev AA - 114
GuzmanR - 20
Hamplova V - 72, 73,98
Handke B - 78

Heczko O - 77

Hehlen B - 65

Hilczer A - 84

Hilczer B - 40, 93,108

Hlinka ] - 16, 25, 36, 39, 44, 48, 60, 65, 76, 87,101

Hotlderna-Natkaniec K - 56
Hudy W -111

Isaiev M - 97

Isupov VP -114

Iwan A-73

Jakubas R - 54,124
Jankowska-Sumaral- 67
Jeong M-S - 67

Kachlik M - 18
KaczkowskiJ - 37

Kadlec F - 34, 46, 50, 68,114
Kaldec C - 34, 46, 50, 68
Kalinin NV - 62

Kalvane A - 74, 81,91
Kamba S - 18, 33, 34, 38, 50, 64, 68, 85,114
Karpierz M - 86, 92
Karpinsky DV - 21
Kadziotka-Gawel M - 91
Kempa M - 34, 44, 64, 68, 85,100,101, 114
Kempinski W - 83

Kholkin A - 52

Kinzhybalo V - 109

128



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

Kli¢ A - 36,87,113
Kluczewska K - 78,119
KoJ-H-67
Kochnitcharova D - 32
Kolesnik S - 33
KolevaO-32,118
Konieczny K - 64, 78, 86, 88,119
KoperskiJ - 122

Kopp T - 26

Kopyl S - 52

Koroleva E - 94

Koruza] - 85
Kowalczyk R - 125
Kozielski L - 66, 89,120
Kralj S -116

Krylov A - 52,66
Krylova$§ - 52,66
Krym W -90
Kuczynski W - 90, 99
Kulda]J - 44,101
Laguta VV -18
Langenberg E - 20, 34
LeeJH-18

Lefterova E - 32
Leonarska A - 91
LeoniS- 25

Lewczuk U - 92
Lindner L. - 51, 56, 96,103,118
Livinsh M- 111

Lusiola T - 31

Lapinski A - 107
Lawniczak P - 45, 96,102,118
LosSz-29

MacaK-18

Maczka M - 125

Magén C - 20
Majchrowski A - 67
Maksimochkin GI - 116
Mali¢ B - 85

Malitskaya MA - 114
Maniukiewicz W - 24
Markiewicz E - 40, 93
Marton P - 36, 60
Maurel L - 20

Medycki W - 53,124
Menendéz JL - 100
Miga S - 29

Mihalik jr - M - 47
Mihalik - M - 47

Mira] - 55,71

Mizera A - 107
Molak A - 28, 91,106, 122
Moreira J Agostinho - 21, 35,47, 55, 71

Mota DA - 47
Naberezhnov A - 30, 94
Nalecz DM - 19, 74, 80, 95
Nicheva D - 96
NiezgodaI- 49,63
Nikolaienko A - 97
Nizhankovskii V - 94
Nonato A - 71

Novotna V - 82,98
Nowicka K- 99

Nuraeva A - 52

Nuzhnyy D - 27, 34, 64, 100
Ondrejkovic P - 44,101
Opasinska A - 24, 41
Oreshonkov A - 66
Ostapchuk T - 64, 65
Pardo JA - 20, 34
Paschoal CWA - 71
Pasechnik SV - 116
Pasinska K - 84

Passos DJ - 47

Pasciak M - 25, 36, 76
Pato Doldan B - 55
Pawlaczyk Cz - 45,102
Pawlus S - 122

Pawtowski A - 45,101,103
Perkowski P - 104

Petkov P - 96

Petkova T - 32,96,118
Petzelt ] - 27, 46, 64, 100
Piecha]-105
Piecha-Bisiorek A - 54,124
Pietraszko A - 84,108
Pilch M - 106

Piosik M - 99

Pociecha D - 49, 72
Pogorzelec-Glaser K - 107
Pokorny J - 39, 85
Potomska M - 93,108
Prokleska ] - 50

Prytys JK - 109
Puchberger S- 110

Pytel K- 111
Rafalovskyil- 48
Radwanski RJ - 19, 80, 95
Rdzawski Z - 83
Reinecker M - 115
Retuerto M - 50
Rodriguez-Suarez T - 100
Rok M - 53,109

Roleder K - 23

Ropka Z-19, 80,95
Rozanski SA - 112

129



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

Rychetsky I- 87,113
Salamon P - 98

Salehli F - 52

Salje EKH - 110
Sanchez-Andujar M - 55, 71
Santos AFM - 21

Sasnouski G - 98

Savinov M - 46, 50, 85,100,101, 114
Sawka-Dobrowolska W - 53
Schlom DG - 18,127
Schranz W -110, 115
Sebastian T - 31, 89
Semina OA - 116
Senaris-Rodriguez MA - 55, 71
Setter N - 59

Shabanov A - 66

ShibaevV - 72

Shipochka M - 32
Shmeliova DV - 116

Shur VYa - 52

Sikora A - 73

Simon Ch - 42

Simon E - 85
SitkoD-117,119
Skiadopoulou S - 50,114
Skoromets V - 85
SlavkovaZ-118

Sluka T - 58, 59
SmeltereI- 81

Smiga W - 86

Sobczyk L - 53

Soprunyuk V-110,114
Soukiassian A - 127
Stepkova V - 60

Sternberg A - 78,111,119
StobrawaJ - 83

SuchaniczJ - 64,78, 86,92,111,117,119

Sysoeva A - 94
Szafraniak-WizaI- 89,108,120,121
Szeremeta A - 91,122
Szklarz P- 124
SzotK-22

Szypszak E - 63
Swietlik R - 61
Tagantsev AK - 59
Tang Rujun 68
Tavares PB - 21, 34, 47
TazbirI- 73

Thomas P - 46
Thomas V - 46
TitovVV - 114

Tovar M - 21

Tretiak S - 46

Troster A-110

Trybula Z - 29

Trybus M - 123
UlanskiJ - 24, 41
Vakhrushev S - 30
Vanina P - 30,93
Vasilev S - 52

Vasileva D - 52
Vasylechko L - 74
VertatP - 77

Vilarinho R - 47

Vit] - 68

VivesE- 110

Vtyurin A - 66

Wajda A-119
Welberry TR - 25
Widdarkiewicz A - 120
Wodecka-Dus$ B - 70
Wojciechowska M - 124
Wojciechowski P - 24
Wos B - 123

Wojcik K - 73
Wrzesinska A - 41
Wypych-Puszkarz A - 24, 40
Xi XX - 127
Yanez-Vilar S - 21, 55, 71
Zamponi M - 53
Zapart M B - 125, 126
Zapart W - 125, 126
Zdanowska-Fraczek M - 45, 51, 56, 96, 103, 118
Zelenovskiy P - 52
Zelezny V - 127
Zentkova M - 47
Zhukova E - 46
Zielinski P - 54

Zigba S - 107

Zl10i O - 97

Zurowska M - 104

130



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

131



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

132



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

133



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

134



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

PATRONAGE SPONSORS

POZnan P N

Honorary Patronage

of the Mayor of Poznan
POLISH ACADEMY OF SCIENCES

Mﬁ

(<)

BRUKER
(<O

135



XX11 POLISH-CZECH SEMINAR, HUCISKO, POLAND 2016

XXII Polish-Czech Seminar
Structural and Ferroelectrics Phase Transitions
May 16-20, 2016, Hucisko, Poland

http://www.ifmpan.poznan.pl/pol-cze-16/

Edited by:
Andrzej Hilczer

The abstracts are reproduced as received from the authors
Published by:
Institute of Molecular Physics, Polish Academy of Sciences,

Mariana Smoluchowskiego 17, 60-179 Poznan, Poland

Cover photo:

Kornelia Lewandowska

136



MONDAY, 16 MAY

REGISTRATION

OPENING

TUESDAY, 17 MAY

WEDNESDAY, 18 MAY

THURSDAY, 19 MAY

FRIDAY, 20 MAY

BREAKFAST BREAKFAST BREAKFAST BREAKFAST
9.00 Bussmann-Holder 9.00 Dabrowski 9.00 Kholkin 9.00 Swietlik
9.40 Laguta 9.40 Goian 9.40 Rok 9.30 Emelyanenko
10.00 Radwanski 10.00 Carvalho 10.00 Piecha-Bisiorek 9.50 Galewski
10.20 Langenberg Pérez 10.20 Marton 10.20 Zdanowska-Fraczek 10.10 Bovtun
Figueiras Kaczkowski COFFEE 10.30 Gregora
COFFEE COFFEE Gallo 10.50 Krylova

Kopp

Simon

Petzelt

Fouquet

Molak
COFFEE

Trybula

Kempa
COFFEE

Lawniczak

Naberezhnov

Sebastian

Hlinka

GET TOGETHER
PARTY

Koleva

POSTER SESSION

]
|53
=

Belyanchikov,
Vilarinho,
Rafalovskyi, Niezgoda,
Skiadopoulou, Lindner

students

GRILL PARTY

EXCURSION

1130 Szot 11.30 Kamba Sluka COFFEE
1210 Roleder 1210 Pokorny 1210 Bednyakov Jankowska-Sumara
12.40 Bobowska 12.40 Chybczynska 12.40 Stepkova 11.50 Kadlec
Pasciak Wypych-Puszkarz 1210 CLOSING
12.20 LUNCH

ISBN 978-83-933663-2-3



