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PREFACE
Dear Participant,
it is our pleasure to welcome you to the 11th Conference on Solid State
Chemistry – SSC 2014 to be held in Trenčianske Teplice. SSC 2014 belongs to
the conference series on Solid State Chemistry held biannually in the Czech and
Slovak republics. As Bratislava has already entertained this conference three times,
we hope that recent introduction of another place in Slovakia will bring new
emotions.
The name of the conference, “Solid State Chemistry”, refers to an extremely
wide topic. Consequently, the contributions are arranged into six partly overlapping
sessions:







Chemical and physical aspects
Electric and magnetic aspects
Applications of inorganic and organometallic materials
Spectroscopic, diffraction and structural aspects
Thermochemical, thermodynamic and kinetic aspects
Computation and theoretical aspects

Our ambition for this conference is to provide the newest knowledge in different
areas of solid state chemistry. We encourage all young scientists to discuss with
more experienced colleagues, seeking new information on advanced techniques and
materials or innovative applications.
Significant increase in the number of conferences organized world-wide is
registered recently. Therefore we are very pleased that you decided to attend this
conference. Your selection obliged us to design pleasant and creative scene for
sharing your scientific ideas, establishing new professional co-operations or forming
new friendships. Our special thanks go to all authors without whose contributions
organising of this Conference would have been impossible.
As the conference program provides you a possibility for mental and intellectual
exercise, the Spa provides you also a possibility for exclusive care of your body. We
believe that this combination makes Trenčianske Teplice an excellent place for
conferences of the highest international range.
We truly appreciate the support obtained from IUPAC, from the International
Visegrad Fund, and from all our sponsors.
We believe that all of you will really enjoy your stay in Trenčianske Teplice.
Miroslav Boča
and
Organizing Committee

PUBLICATION OF CONTRIBUTIONS
“PAC - SSC 2014 publication project”
The authors of Invited Lectures and Key-note lectures have been asked to
submit the manuscripts to Pure & Applied Chemistry (PAC), the official journal
of the International Union of Pure & Applied Chemistry (IUPAC). “PAC publishes
collections of papers based upon authoritative lectures presented at IUPAC
sponsored events, most usually those of plenary or main lecturers. Conference
papers are typically short critical overviews of specialized topics, and authors have
considerable latitude in emphasizing review content or disclosing hitherto
unpublished findings, and may even incorporate an experimental section to
exemplify and underpin new findings.”
PAC aspires to offer readers distinctive and timely insights into new science that
complement rather than compete with or replicate those published in the primary
research literature. The official Invitation of the Scientific Editor of PAC has
resulted from the IUPAC sponsorship of SCC 2014 conference. The manuscripts
should reach the Editorial Board of PAC by July 31st, 2014. After the referee
procedure the papers will be published in the Special issue of PAC this year or early
next year.
The PAC - SSC 2014 publication project has resulted from both the scientific and
research background of Invited and Key-note speakers to SSC 2014 and the
feedback of “PAC - SSC 2008 publication project”, cf. in
http://www.iupac.org/publications/pac/81/8/. We are sure that jointly we will
manage to compose the special issue of Pure & Applied Chemistry as the
representative profile of SSC 2014 and highlighting the challenging fields of Solid
State & Materials Chemistry in the official journal of IUPAC.

Miroslav Boča
Chairman of the Organizing Committee of SSC 2014
Milan Drábik
Conference Editor (PAC-SSC 2014 publication project)
and
Hugh D. Burrows
IUPAC Scientific Editor, Conference and Special Topic Papers (PAC)
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ELECTRICAL PROPERTIES OF NANOCRYSTALLINE
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Despite being one of the mostly studied biomaterials for orthopeadic, dental,
protein purification and stem cell applications, electrical properties of calcium
hydroxyapatite (HA), Ca5(PO4)6(OH)2 has received only a limited attention. Since
the prediction in 2005 of the possibility of piezo and pyroelectricity in
hydroxyapatite [1] several theoretical [2-3] and experimental works [4-7] in this
field may lead to new understandings of electrical behaviors of calcified tissues in
vertebrates. Also, the ability of creating discrete electrostatic domains on
nanocrystalline films of hydroxyapatite [8-10] will now open the possibility of
understanding how surface charge influences biological interactions. The outlook for
future endeavours in this field will be discussed.
Acknowledgement
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under grant agreement n°212533. This communication reflects the views only of the
author, and the Commission cannot be held responsible for any use which may be
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The molecular spin crossover phenomenon, involving thermo-, photo-, magnetoand piezo-chromic properties of a class of transition metal complexes (3d4-3d7), is
one of growing importance in the area of functional materials, and have considerable
prospects for technological applications in sensor, display or memory devices and as
molecular switches [1]. Most of the appealing properties of these materials cannot
be readily exploited in bulk materials, but only if thin films or other nano-objects of
the compounds are prepared. We have therefore developed a variety of top-down
and bottom-up methods for the elaboration of spin crossover nano-materials. In this
communication, we report on the synthesis, nano-scale organization, properties and
applications in the field of micro-thermometry, gas sensors and molecular actuators
[2,3].
h

Cantilever design and actuation in response to negative thermal expension (NTE)
and spin crossover (SCO). a) Illustration of the composite structure of the cantilever.
b-d) Illustration of the effect of NTE and SCO on the cantilever b) – high
temperature high spin, c) – low temperature high spin and d) – low temperature low
spin). e) Optical microscope image of the cantilever at 343 K. Scale bar represents
500 μm. f) Comparison of the cantilever at 343 and 93 K highlighting the deflection
caused by NTE. g) Comparison of the cantilever at 93 and 78 K highlighting the
SCO-induced actuation. h) Tip position as a function of temperature for the
cantilever between 343 and 78 K. Circles represent cooling, triangles warming.
Open and closed symbols show first and second cycles respectively. The huge,
reproducible change around 90 K (with hysteresis) occurs due to the SCO.

[1] A. Bousseksou, G. Molnar, L. Salmon, W. Nicolazzi, Chem Soc. Rev, 40, 3313-3335 (2011);
“Spin-crossover materials - properties and applications” M.A. Halcrow (ed), John Wiley & Sons,
Chichester, UK, 2013
[2] H. J. Shepherd, C. M. Quintero, S. Tricard, L. Salmon, G. Molnár and A. Bousseksou, Nature
Commun., 4, 2607 (2013)
[3] G. Molnár, L. Salmon, W. Nicolazzi, F. Terki, A. Bousseksou, J. Mater. Chem. C, 2, 1360-1366
(2014)
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Finding novel materials with improved performance in energy-related
applications is one of the key societal responsibilities in the field of materials
science. Within the present talk, two types of ceramic nanocomposites [1] will be
highlighted and discussed. Firstly, structural ceramic nanocomposites with excellent
performance at high and ultrahigh temperatures will be introduced [2] and presented
as high potential materials for energy conversion applications such as thermal
protection systems in combustion engines. Secondly, functional ceramic
nanocomposites with tailored phase compositions for energy storage applications
such as anode materials in Li ion batteries will be considered [3]. Aspects related to
the single-source-precursor synthesis of the mentioned ceramic nanocomposite
materials, their structural and functional properties as well as specific
microstructure-properties relationships will be addressed [4]. Special emphasis will
be set on the knowledge-based control of the phase composition and microstructure
of the presented ceramic nanocomposites [5], which allows for providing materials
with improved property profiles.

[1] E. Ionescu, H.-J. Kleebe, R. Riedel, Chem. Soc. Rev., 41, 5032-5052 (2012)
[2] E. Ionescu, G. Mera, R. Riedel, pp. 225-268, in MAX Phases and Ultra-High Temperature
Ceramics for Extreme Environments, Eds. Y. Sakka, C. Hu, J. Low, IGI Global, Hershey, PA, USA
(2013)
[3] J. Kaspar, C. Terzioglu, E. Ionescu, M. Graczyk-Zajac, R. Riedel, Adv. Func. Mater, (2014) doi:
10.1002/adfm.201303828
[4] B. Papendorf, K. Nonnenmacher, E: Ionescu, H.-J. Kleebe, R. Riedel, Small, 7, 970-978 (2011)
[5] E. Ionescu, C. Terzioglu, C. Linck, J. Kaspar, A. Navrotsky, R. Riedel, J. Am. Ceram. Soc., 96,
1899-1903 (2013)
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Iron and titanium are, at ~5.6 and 0.57 %, respectively [1], the fourth and ninth
most common elements by mass in the earth’s crust, where they are also the most
common transition elements. In its compounds, titanium can be di-, tri- and
tetravalent. In minerals titanium is generally tetravalent, whereas iron can be diand/or trivalent. One consequence of this is that Ti4+ imparts no magnetic moment to
minerals, whereas minerals containing Fe3+ and high-spin Fe2+, which have finite
magnetic moments, are paramagnetic or may even be magnetically ordered.
While the mineralogy of geological samples can be readily determined by X-ray
diffraction, 57Fe Mössbauer spectroscopy is an effective technique to “fingerprint”
iron-bearing minerals by disclosing the oxidation state and coordination of iron [2],
see Fig. 1. In the favourable case of magnetically ordered minerals, Mössbauer
spectroscopy even allows an
unequivocal identification of
the actual mineral species.
Raman spectroscopy, in
contrast,
is
especially
responsive to titanium and
can therefore serve to
“fingerprint”
titaniumbearing
minerals
(e.g.
anatase [3]) in samples of
complex mineralogy.
Fig.
1.
Mössbauer
parameters as a function of
iron
coordination
and
oxidation states (from Murad & Cashion,

2004).

[1] W.M.Haynes, D.R. Lide, CRC Handbook of Chemistry and Physics, 92nd ed. CRC Press, Boca
Raton, Florida (2011)
[2] E. Murad, J. Cashion, Mössbauer Spectroscopy of Environmental Materials and their Industrial
Utilization. Kluwer, Boston, MA (2004)
[3] E. Murad , American Mineralogist 82, 203-206 (1997)
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Kinetic phenomena in the solid-state make out various potential applications and
control the physico-chemical properties and morphological characteristics of the
product solids. Ideally, the overall rate, (d/dt), of the solid-state reactions is
described by the fundamental kinetic equation [1].

d
 k T  f  ax, y, z,.....
dt
(1)
where k(T) and f() are the functions for describing the temperature and

conversion dependence of the overall rate, respectively. The function a(x,y,z,…)
accommodates any other possible functional dependence of the overall rate that are
characteristic for each type of the solid-state process. This simple kinetic expression
for the single step reaction has widely been used in a range of the related field.
Actually, the overall reaction can be satisfactorily described by eq. (1) in some cases
of the solid-state reactions [2,3].
In the light of the heterogeneous characteristics of the solid-state reactions,
however, various physico-chemical and physico-geometrical events are taking part
in the overall reaction as consecutive and concurrent processes [4]. In many cases,
interactions of those physico-chemical and physico-geometrical processes make the
overall reaction so complex. Challenges to the kinetic description for such complex
solid-state reactions are necessary for further detailed understanding of the solidstate reactions.
In this talk, we review our recent challenges to the kinetic analysis for the
complex solid-state reactions as exemplified by the thermal decomposition of solids
[5-9] and discuss the expected future of the kinetic approach to the solid-state
reactions by thermal analysis.
[1] N. Koga, J. Therm. Anal. Calorim., 113, 1527-1541(2013)
[2] N. Koga, S. Maruta, S. Yamada, J. Phys. Chem. A, 115, 14417-14429 (2011)
[3] N. Koga, Y. Goshi, M. Yoshikawa, T. Tatsuoka, J. Chem. Educ., 91, 239-245 (2014)
[4] N. Koga, H. Tanaka, Thermochim. Acta, 388, 41-61(2002)
[5] N. Koga, Y. Goshi, S. Yamada, L.A. Perez-Maqueda, J. Therm. Anal. Calorim. 111, 14631474(2013)
[6] N. Koga, Y. Suzuki, T. Tatsuoka, J. Phys. Chem. B, 116, 14477-14486 (2012)
[7] N. Koga, S. Yamada, T. Kimura, J. Phys. Chem. C, 117, 326-336 (2013)
[8] T. Wada, N. Koga, J. Phys. Chem. A, 117, 1880-1889 (2013)
[9] N. Koga, D. Kasahara, T. Kimura, Cryst. Growth Des., 13, 2238-2246(2013)
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The exploration of materials suitable for hydrogen storage continues. Research
efforts are driven by the prospect of a “hydrogen economy” that would allow us to
gradually shift away from fossil fuel and replace it with hydrogen as energy carrier.
Numerous challenging obstacles remain to be overcome before this goal could be
reached; finding a system which can meet certain stringent requirements for
hydrogen storage is one of these challenges. In this quest for the ideal hydrogen
storage material, first-principles computational tools are heavily utilized to
complement experimental studies, characterizing the electronic structure of
promising systems or even predicting properties of new materials.
The purpose of this talk is to provide an overview of the most recent theoretical
studies undertaken by us in the field of hydrogen storage materials research. On
selected examples, the application of our computational tool of choice, density
functional theory, will be illustrated to show how ab initio calculations can be of use
in the effort to reach a better understanding of hydrogen storage materials and to
occasionally also guide the search for new promising approaches. Systems to be
discussed include: complex light-metal hydrides, with “classics” such as NaAlH4
and MgH2, and high-surface porous materials, such as metal organic framework-5
[1]. Finally, catalysts play an important role in many hydrogen desorption processes.
We found (through a combination of experiment and theory) that carbon
nanostructures, in particular nanotubes and fullerenes, can be used as catalyzing
agents for hydrogen uptake and release in complex metal hydrides (such as sodium
alanate, NaAlH4) and provide a model which could explain the mechanism of the
catalytic effect [2].

[1] A. Blomqvist , C.M. Araujo , P. Srepusharawoot, R. Ahuja, PNAS (the Proceedings of the National
Academy of Sciences,USA), 104, 20173 (2007)
[2] P. A. Berseth, A. Harter, R. Zidan, A. Blomqvist, C. M. Araújo, R. H. Scheicher, R. Ahuja, P. Jena,
Nano Letters, 9, 1501 (2009)
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Supercapacitors (also known as ultracapacitors) enable electrical energy storage
at high power density, in contrast with batteries which offer energy storage at high
energy density (and with lower power capability). Relative to all-carbon electrodes
offering only double layer capacitance, transition metal oxide electrodes offer
increased capacitance due to incorporation of cations during charging (a
pseudocapacative contribution).
Use of oxides in electrodes is compatible with electrolytes in water-containing
solvent mixtures. Careful choice of electrolyte and solvent mixture enables
operation over an extended temperature range (down to low temperatures) and an
extended operating voltage window (e.g. 1.8 V is possible due to overpotentials for
gas evolution). Such systems are potentially competitive with expensive nonaqueous supercapacitors for energy storage.
In our work we have optimized use of nanostructured “MnO2” morphologies and
texture (especially of birnessite), and have also shown that nanostructured MoOx can
function well in supercapacitors (in contrast to studies by others of MoO3). Further,
we have investigated the use of a mixed solvent system for the electrolyte over a
wide temperature range, form -30 to +50oC.

Nanostructured MoOx produced via hydrothermal synthesis
Acknowledgement
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Functional ceramic coatings are required for innovations in communication,
electronics, energy technology and catalysis. The enormous potential of these
ceramic coatings is based on their manifold functionalities. Advanced
electroceramics constitute an emerging technology with a very broad base of current
and potential applications. Especially in the form of nanostructures, these material
properties can be tailored towards the needs of applications.
This research proposes alternative processing methods for ceramic nanoparticles
based on microwave heating from aqueous solutions or on hot injection methods.
Afterwards, deposition of nanoparticles containing inks using ink-jet printing at
ambient pressure is performed. With that, we aim at developing smart and
environmentally friendly processes that require lower energy input. Where ink-jet
printing has been used for many years in depositing text or patterns on textile or
paper, it is only recently that there has been a growing interest in using the
deposition technique for functional ceramic coatings and patterns. The biggest
advantage of ink-jet printing as a one-step process is its low investment cost,
scalability, the more efficient use of materials and the high control of the thickness
of the coating.
Moreover, ink-jet printing has the potential to switch quite easily from
continuous coatings to direct printing of a multi-filamentary pattern in a one-step
process. Hereby, lithography, wet chemical etching, ion beam etching, laser
ablation, having a variety of disadvantages such as high cost, local degradation of
the film or tape fragmentation, are avoided.
The fluid properties of the ink, often expressed with dimensionless constants, like
the Reynolds and Weber numbers, for printable liquids are discussed. The research
describes:
(1) The formulation of environmentally-friendly precursor inks, suited for ink-jet
printing, for superconducting materials, YSZ electrolyte layers for SOFC’s,
transparent TiO2 photocatalytic coatings, LSMO/nanoparticle based inks for use in
non-volatile memories, magnetoresistive sensors and patterned magnetic paths in
electronic boards
(2) Installation and promising testing of printing equipment (static and reel-toreel)
(3) Ink jet printing of functional ceramic layers of YBCO, TiO2, YSZ and LSMO
and implementation in applications
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NEW TERNARY OXIDES IN Bi2O3-NiO-Sb2O5 SYSTEM WITH
PYROCHLORE AND KSbO3-TYPE STRUCTURES
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Complex Bi-oxides with pyrochlore structure are intensively investigated at the
moment due to their unique combination of properties. They exhibit dielectric and
photocatalitic properties. Bi-pyrochlores are interesting for low-temperature cofired
ceramics technology and for investigation of the novel, exotic, magnetic ground
states [1-4]. This work aims to study Bi2O3-NiO-Sb2O5 phase equilibrium, refine the
existence of the pyrochlore homogeneity range and examine the properties of the
new complex Bi-oxides.
Based on the XRD analysis the phase equilibria of Bi2O3-NiO-Sb2O5 system in
the subsolidus region were studied. We found that the pyrochlore structure
compound (P) with a cubic Fd3m lattice exists in an extended solid solution region
except the «ideal» formula Bi2Ni2/3Sb4/3O7 composition which resides out of
homogeneity range. Without including possible vacancies in the anionic and cationic
sublattices the solid solution formula can be written as (Bi2-xNix)Ni2/3-ySb4/3+yO7±, x
= 0.10.35, y = 00.1. Rietveld refinement was carried out for the Bi1.9Ni0.73Sb1.37O7
composition (a = 10.4713(2) Å). We discovered a new Bi9Ni2Sb7O33 phase (A) in
this system. It was showed that this compound is of the KSbO3-type structure (cubic,
Pn3 symmetry) with lattice parameter a = 9.5538(1) Å. The absorption spectra
study confirmed the presence of Ni2+ in both compounds. The isothermal section
may be represented by 8 triangles of the coexisting phases: Bi 2O3-NiO-Bi3SbO7,
Bi3SbO7-NiO-P, P-NiO-NiSb2O6, Bi3SbO7-P-A, A-P-NiSb2O6, Bi3SbO7-A-BiSbO4,
BiSbO4-A-NiSb2O6 and BiSbO4-NiSb2O6-Sb2O4. It is worth mentioning that 5+
oxidation degree of antimony is established for all binary and ternary compounds
presented in the phase diagram except the Sb2O5-rich region where BiSbO4 и
NiSb2O6 phases are in the thermodynamic equilibrium with the Sb2O4 mixed oxide.
The magnetic measurement showed that Bi-Ni-Sb-O pyrochlores appeared to be
paramagnetic in the temperature range 2 - 300K. The magnetic moment, μeff =
3.22μB, is about 10% larger relative to the spin-only value for Ni2+ (3d8, high spin S
= 1, 2.83μB) that is characteristic for octahedral coordination environment of the
Ni2+.
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THE CHARACTERISTICS OF SOLID-STATE PHOTOCHROMS
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Organic photochromic compounds are prospective for the development of
systems of optical information recording, and optical switchers etc. Of special
interest are compounds retaining photochemical activity in the crystal state. The
principal advantage of crystal photochroms in comparison with those dissolved in
liquids or in polymers is higher fatigue resistance. Typical organic photochroms,
like spirooxazines, demonstrate only scarce examples of the crystal-state
photochromism [1]. Only a few classes of organic photochroms (diarylethenes,
fulgides, arylhydrazides) retain high quantum yields of transformations in the crystal
state.
This is a challenge to create a crystal photochromic material combining
advantages of liquid state (high quantum yield) and crystal state (high fatigue
resistance). The approach developing in this work is to use metal-organic frames
(MOF) for producing supramolecular compounds with the organic photochroms.
The MOF [Zn4(dmf)(ur)2(ndc)4] (ndc2- is 2,6-naphtalenedicarboxylate, ur is
urotropin, and dmf is N,N`-dimethylformamide) [2] with the size of channels
10.5×10.5 Å was used for the synthesis of supramolecular photochromic adducts.
The adducts of MOF with trans-stilbene (Adduct-1) and diarylcyclopentenon
DMTC (2,3-bis-(2,5-dimethylthiophen-3-yl-cyclopent-2-en-1-one) (Adduct-2) were
synthesized and their photochemistry was studied. The quantum yield of trans-cis
photoisomerization of stilbene in Adduct-1 (0.2) was found to be an order of
magnitude higher than for crystalline trans-stilbene and comparable with that in
organic solvents [3]. Adduct-2 also demonstrated photochromic properties
comparable with that of DMTC in solutions.
The results show that the incorporation of an organic photochromic compound
into a MOF can result in creation of photochromic material with high resistance to
photodegradation and high quantum yields.
[1] V.F. Plyusnin, V.P. Grivin, V.V. Korolev, A.V. Metelitsa, N.A. Voloshin, V.I. Minkin, Russ. Chem.
Bull., 60, 124-131 (2011)
[2] S.A. Sapchenko, D.G. Samsonenko, D.N. Dybtsev, M.S. Melgunov, V.P. Fedin, Dalton Trans., 40
2196-2203 (2011).
[3] V.V. Semionova., E.M. Glebov, V.V. Korolev, S.A. Sapchenko, D.G. Samsonenko, V.P. Fedin,
Inorg. Chim. Acta, 409, 342-348 (2014).
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Mn-doped TiO2 (Mn:TiO2) powders with a wide range of nominal doping levels
were fabricated using a one-step hydrothermal method followed by 400℃
annealing. Anatase powders with a uniform size distribution around 10nm were
obtained. According to XRD and TEM/EDS, the maximum achievable solubility of
Mn in TiO2 lattice was around 30%, beyond which Mn3O4 example appeared as
additional precipitates. The optical absorption edges for Mn:TiO2 experienced
effectively enhanced red-shift with the increasing doping levels. Photocatalysis was
initiated using visible light sources with known emission spectra and it was found
that a moderate doping level (1%) for Mn:TiO2 resulted in significantly improved
photocatalytic activity In order to elaborate the fundamental origin for doping
induced photocatalysis, XPS was used to demonstrate the valence chemistry of Mn
species in the doped TiO2 lattices. Besides, NEXAS with full electron yield (FEY)
mode was employed for the first time to explore the chemical state of Mn:TiO 2
powders, confirming that NEXAS is also a highly structure-sensitive method for this
class of materials. By combining spectroscopic (XPS/NEXAS) methods and
theoretical investigation, the current work shows that the variation of Mn valency
can be uniquely identified by the relative intensity ratios of the L3 edges of NEXAS
Mn spectrum, instead of the energy shift of the edges. Mn species exhibited a mixed
valence states of 3+ and 4+ in TiO2, with their relative contents being key to
enhanced photocatalysis.
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Figure 1 Photocatalytic results of different Mn nominal doping levels.
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Viscosity is basic physical parameter. Its knowledge is necessary for production
and technology of glassy materials. Also structural relaxation in glass and cold
crystallization process in undercooled melt are influenced by this important
property. Nevertheless, determination of viscosity values of chalcogenide materials
is connected with several complications. Especially measuring of chalcogenide melt
viscosity is very complicated due to the high chemical aggressiveness and volatility
of these liquids.
It is not easy to measure viscosity in the region of melt but it is possible.
Nevertheless, the viscosities in low region of undercooled melt are even
immeasurable due to the rapid crystallization of sample. This region is very
important for description of cold crystallization process [1]. Values of viscosities in
this low viscosity region of undercooled melt can be determined by appropriate fit of
experimental data between regions of undercooled melt and melt [2]. Problem in this
case is the lack of melt viscosity for most chalcogenides.
We have studied viscosity behavior of different chalcogenide materials in our
laboratory more than fifteen years [3]. We have used penetration, parallel-plate and
rotating bob methods for these studies. We also made a broad literature research
which was focused on these materials and measuring methods of their viscous
behavior. In this work we summarize our work, describe and discuss possible ways
how to applied viscosity data and also how to extrapolate viscosity data from
measurable region of undercooled melt to lower viscosity values.
Acknowledgement
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CERAMICS – MODELING AND MEASUREMENT
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From the viewpoint of micromechanical theory, the effective elastic moduli, in
particular Young’s modulus, and thermal conductivity of porous ceramics can be
treated in a common framework. This contribution recalls the rigorous upper bounds
(Voigt bounds or upper Wiener bounds and upper Hashin-Shtrikman bounds) as
well as the most important effective medium approximations (i.e. the power law
relation and the exponential relation) and the corresponding cross-property relations.
Experimental results are shown for various oxide and silicate ceramics with a wide
range of porosities, for which elastic properties have been measured via impulse
excitation and thermal conductivity via the laser flash technique [1-5].
It is shown that both Young’s modulus and thermal conductivity of porous
ceramics with convex isometric pores tend to obey the exponential prediction for
porosities below 60 %, while for porosities above 70 %, i.e. for highly porous
cellular ceramics, the power law prediction is usually the most realistic prediction.
Since pore size and connectivity effects are of secondary importance, this finding is
attributed to the existence of saddle surfaces with vanishing mean curvature. It is
also shown that partially sintered ceramics tend to exhibit effective property values
below the exponential prediction, obviously due to their concave pore shape, and
that this dependence can be reasonably predicted by a linear relation when the bulk
density in the green state is known. Finally it is shown how spheroidal pore shape
models [6] can be used both for elastic moduli and for thermal conductivity to
describe deviations from the behavior expected for isometric pores, and that these
models include as a special case even the case of microcracks, considered to be
extremely oblate pores.
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During the last time, titanium alkoxides are widely and intensively studied due to
their scientific and technological importance. Reactivity of titanium alkoxides
towards water can be overcome by the incorporation of hydroxylated nuclephilic
ligands, such as carboxylic acids, to produce new molecular precursors or new type
of materials (e.g. hybrid materials). The study of reaction pathway between organic
and inorganic species is especially important to build up three-dimensional
crystalline frameworks or monocrystalline layers, whose skeleton contain both
functional organic and inorganic (titanium-oxide cores) fragments linked by
chemical bonds. Titanium and titanium-oxo clusters are very promising moieties for
the synthesis of new multinuclear metal-oxo based structures due to their low toxity,
antimicrobial activity, semiconductor, optical, and photocatalitic properies.
In our works we have focused on poorly known problems, associated with
structural conversion of multinuclear oxo-titanium(IV) complexes, and their
application as sources of materials, which reveal specific physicochemical and
biological properties.
[1] P. Piszczek, A. Radtke, T. Muzioł, M. Richert, J. Chojnacki, Dalton Trans., 41, 8261-8269, (2012).
[2] P. Piszczek, Ż. Muchewicz, A. Radtke, M. Gryglas, H. Dahm, H. Różycki, Surf. Coat. Techn., 222,
38-43, (2013).
[3] P. Piszczek, M. Richert, A. Radtke, T. Muzioł, A. Wojtczak, Polyhedron, 28, 3872-3880, (2009)
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Modification of titania photocatalysts by anions and cations have been shown to be an
effective tool for improving its photocatalytic and photodisinficient properties. The presence
of surface sulphate groups stabilizes the anatase structure and increases its specific surface.
Doping with lanthanides, for example with Eu3+, leads to porous anatase containing of
nanocrystals with improved faceting. Biofilms are very complex microbial communities that
acquired the properties of multi-cellular organisms. Microbial cells embedded in
extracellular matrix demonstrate extremely high resistance to antimicrobial agents, the
immune system and perfect adaptation to environmental stress. Biofilm formation is a matter
of concern in areas such as medical settings, water distribution systems and food industries.
Biofilm forming organisms are involved in diseases like cystic fibrosis, bacterial
endocarditis, and otitis media. They are also associated with dental caries, and infections at
surgical sites and implants. Their interaction with industrial environment causes bio-fouling,
biocorrosion, and contamination. In this study the investigations of precipitated anatase
(TiO2), anatase modified with surface sulphate groups (TiO2-S), Europium doped anatase
(TiO2-Eu), Europium doped and sulphated anatase (TiO2-Eu-S) nanopowders are reported.
While the unmodified TiO2 has relatively small pore-size diameter, volume and surface area,
Eu3+ doping and sulphate treatment significantly increase the specific surface and pore
volume. The main pore diameter is also increased. The anatase nanocrystals which were
sulphated and/or doped with Eu form a mesoporous structure with pores in the range 11 – 15
nm. The nanocrystals with a size in the range 33 – 48 nm are associated to highly porous 0.2
to 2 µm aggregates. HRTEM indicates high crystallinity of TiO 2 crystallites. The obtained
results show that sulphation and Eu doping significantly increase the photocatalytic activity
of phenol photomineralization and also the photocatalytic alcohol reforming and hydrogen
production. Three main factors, which were influenced by doping, i.e. the specific surface,
the extent of electron-hole separation and crystallinity, affected both the phenol
photomineralization and the hydrogen production rate. The best photocatalytic performance
in the above processes was observed in the case of the TiO2-Eu-S powder which shows
distinctly developed crystalline structure with most evident faceting. The anti-biofilm
efficacy of prepared powders was investigated in photocatalytic inactivation of
Staphylococcus aureus (MRSA), Enterococcus faecalis and Escherichia coli biofilms that
were grown on glass and polyvinyl chloride (PVC) surfaces. Three techniques – colorimetric
TTC assay, LIVE/DEAD BacLight assay and direct enumeration of bacteria were used. The
24-hour biofilms showed different susceptibility to the photocatalysis depending on the
applied test system. Analysis of biofilms grown on glass surfaces indicated the highest
sensitivity of Enterococcus faecalis to all tested powders. Quantitative study of bacteria
coated on PVC catheters revealed that the TiO2-S sample with the highest specific surface
and greatest size of pores is the most effective in photocatalytic inactivation of biofilm forms
of three tested strains. The authors appreciate the support granted by the Scientific Grant
Agency of the Slovak Republic (Project VEGA 1/0605/12).
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The controlled formation of monolayers can be achieved
using several methods including sublimation techniques.
For this purpose it is necessary to use neutral Fe(II) spin
transition (ST) compounds instead of the ionic Fe(II) salts.
These neutral ST compounds have an increased vapour
pressure and are therefore better sublimable. The lack of
counter anions might lead to a π-π stacking of the aromatic
rings of the ligands in the crystal lattice [1]. The investigation and rational
modification of novel ligands are promising tools which allow a fine-tuning of the
ST above room temperature. The aim of this research project is to synthesize and
study potentially sublimable hexacoordinate iron(II) compounds and the use of the
bistable behaviour of ST complexes in single molecule spintronic devices. The
change of the electronic configuration between the low-spin (LS; S = 0) and highspin state (HS; S = 2) of Fe(II) complexes, is accompanied by interesting changes in
the magnetic properties [2,3]. The neutral ST complexes of the type [Fe(L-1H)2]0
should be sublimable using ultra-high-vacuum (UHV) methods. This will allow
investigating these compounds as monolayers/sub-monolayers on surfaces at the
single molecule level.
For this study we synthesized and characterized sets of mononuclear Fe(II)
compounds made up from ligands such a mono-substituted 2,6-bis(2benzimidazolyl)pyridines, 2-(1H-pyrazol-1-yl)-6-(1H-tetrazol-5-yl)pyridine and 2(6-pyrazol-1-yl-pyridin-2-yl)-1H-benzoimidazole. The neutral iron(II) complex
based on pyrazolyl-tetrazolyl-pyridine ligand exhibits abrupt spin transition at room
temperature (T1/2 = 295 K) with a hysteresis of 4 K [4]. In addition, this complex has
characterized using by X-ray absorption spectroscopy (XAS).
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Spinel Li4Ti5O12 (LTO) is one of the promising electrode materials for the
lithium ion battery anodic and capacitors [1]. However, preparative technology of
phase pure LTO fabrication is by far dissatisfactory. One of the typical problems is
large particle size due to high calcination temperature needed [2]. We here try to
prepare phase pure LTO nanoparticles via an affordable solid-state route. Maximum
efforts were paid to start from homogeneous precursors to increase nucleation sites
and decrease diffusion path of Li.
Homogenization of the solid reactants was accomplished by wet milling a
stoichiometric mixture comprising titania nanoparticles and an ethanol solution of
lithium acetate (LiAc). By varying milling time of the starting reaction mixture,
temperature, duration and atmosphere of calcination, we succeeded in obtain phase
pure LTO by calcining the 2 h-milled precursor at 600 ºC for 4h in Ar. According to
Scherer´s formula, the crystalline size of the product LTO was 84 nm. The
mechanisms involved in the present processes are elucidated from two different but
correlated solid state reactions, i.e. i) during the preparation of the precursor at the
boundary between TiO2 and LiAc, and ii) during the subsequent heating, where
decomposition of LiAc and simultaneous nuclei-growth of LTO.
Persistence of the intermediate, Li2TiO3, has been avoided by intimate
homogenization by co-milling the starting mixture. Calcination in an inert
atmosphere seems to enhance the reaction, presumably due to the increase in the
oxygen vacancies in TiO2, into which Li+ ions are diffusing in. Coexistence of TiO2
was found to be caused by two different components. One is due to incomplete
reaction, and the other, to the decomposition of once formed LTO. It turned out that
the success of obtaining LTO with its particle size as small as possible depends on
the balancing between the reaction completion and avoidance of LTO
decomposition. We therefore still need the key factors to optimize those conditions.
[1] K. Naoi, Fuel Cells, 10, 825-833 (2010)
[2] I. Veljković, D. Poleti, Lj. Karanović, M. Zdujić , G. Branković, Sci. Sintering, 43, 343-351 (2011)
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The layered rare-earth cobaltites LnBaCo2O6-δ (Ln – rare earth element) are of
great interest since they show charge order, metal-insulator and many other
magnetic transitions depending on the nature of lanthanide and the oxygen content δ
[1]. Both the substitution of cobalt by another 3d – element like iron [2] and the
introduction of oxygen vacancies [3] lead to a dramatic
change of LnBaCo2O6-δ properties. In this respect it is
interesting to investigate influence of vacancies in the
cobalt sublattice on the properties of double perovskite.
The single crystal EuBaCo1.9O6-δ was grown by zone
melting from polycrystalline rod having the same
composition. Elemental analysis of the as-grown crystal Fig. 1. Fragment of
and initial powder is made by SEM Inspect F (FEI) with calorimetric
energy dispersive spectrometer EDAX.
measurements of the
Electrical conductivity and Seebeck coefficient were initial polycrystalline
measured along the (001) direction of the as-grown EuBaCo1.9O6-δ.
crystal of EuBaCo1.9O6-δ.
Differential scanning calorimetry (Fig.1) showed two heat effects corresponding
most likely to metal-insulator transition at temperature around 900C and
orthorhombic (Pmmm) to tetragonal (P4/mmm) structural transition at T ~ 4800C.
Similar results were previously reported for GdBaCo2O6-δ [4].
As seen in Fig.1 the second heat effect in EuBaCo1.9O6-δ on the contrary to what
is usually observed for double perovskites LnBaCo2O6-δ [4] has complex shape. This
observation can indicate more complex behavior of cobalt-deficient double
perovskites during Pmmm-P4/mmm transition in comparison with stoichiometric.
The results of x-ray diffraction experiments “in situ” will be presented to clarify this
complex behavior.
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ELECTROCHEMICAL STUDIES OF INTERACTIONS BETWEEN
Fe(III)/Fe(II) AND AMINO ACIDS AND NEUROTRANSMITTERS
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1

Department of Chemistry, Faculty of Natural Sciences, University of SS. Cyril and
Methodius, SK-917 01 Trnava, Slovakia
2
Institute of Institute of Applied Synthetic Chemistry, Vienna University of
Technology, Getreidemarkt 9/163.AC Vienna, Austria
*
The corresponding author’s e-mail: jaroslav.vatral@ucm.sk
Keywords: iron, amino acids, neurotransmitter, cyclic voltammetry, neurodegenerative diseases
In order to get detailed information about the interaction of iron with amino acids
and neurotransmitters, the electrochemical behavior of a Fe(II)/Fe(III) redox couple
in the presence of various amino acids and neurotransmitters such as monoaminergic
neurotransmitters like dopamine, adrenaline and nor-adrenaline, has been studied.
Ammonium iron(II) sulphate served as a source of iron. Solubility issues required
that studies being conducted at low pH values.
Cyclic voltammetry experiments revealed the capability of amino acids and
neurotransmitters to interact with free iron and, hence, change its electrochemical
behavior.
In addition to confirm complexation reactions occurring between Fe(II) and
amino acids and neurotransmitters potentiometric studies have been carried out.
Calvin-Bjerrum pH-titration technique as used by Irving and Rossotti has been
applied to determine stability constants at 25 °C.

Fig. 1 Cyclic voltammogram of 5 mM ammonium iron(II) sulphate in the
presence of 5 mM amino acids in 0.5 M KNO3 supporting electrolyte at pH 2.0; ν =
0.05 V s−1.
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SYNTHESIS OF ZEOLITE NAY-TEMPLATED CARBON: ZEOLITE
NaY TEMPLATE REMOVAL USING HF AND HCl
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Zeolite NaY-template removal using HF and HCl as solvent in the synthesis of
zeolite NaY-templated carbon (ZTC) has been studied. ZTC was charactherized
using X-ray Diffraction (XRD), infrared spectroscopy (FT-IR), Elemental Analyzer,
Scanning Electrone Microscopy (SEM-EDX), and N2 adsorption-desorption
isotherms. The results show that the characteristics of ZTC strongly influenced by
the conditions of template removal especially the concentration of HF. The greater
the concentration of HF, the better the characteristics of ZTC. ZTC washed with HF
48% has the highest BET surface area (SBET), total pore volume (Vt), and
micropore volume (Vm) respectively 1189 m2/g, 1.09 cm3/g, and 0.86 cm3/g. ZTC
with better surface and pore characteristics, obtained by immersion in HF at the
shorter time (1 hour) and reflux with HCl at the longer time (3 hours).

(a)

(b)

(c)
Fig.1. SEM micrograph of (a) zeolite NaY, (b) ZTC_HF 5% 1h_HCl 37% 1h
and (c) ZTC_HF 10% 24hrs_HCl 37% 3hrs
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RECENT PROGRESS IN IRON-CONTAINING COMPOUNDS WITH
LIGHT VS X-RAY SWITCHING EFFECTS
F. Renz1, P. Homenya1, L. Heyer1, D. Nariaki1, C. Krüger1, S. Huotari2,
Z. Nemeth2, G. Vankó2
Institut für Anorganische Chemie, Leibniz Universität Hannover, Callinstraße 9, D30167 Hannover, Germany
2
KFKI Research Institute for Particle and Nuclear Physics P.O. Box 49, 1525
Budapest, Hungary
1

In 1998, a hysteresis loop was observed for a mononuclear iron(II) compound by
varying the temperature under permanent constant-intensity light irradiation. This
phenomenon was introduced as light-induced thermal hysteresis (LITH). [1] One year
later, we were able to light-perturb a thermal hysteresis (LIPTH) by a shift of a
thermal hysteresis with green light towards lower and red light towards higher
temperatures. [2] In 2007 we found a hard X-ray induced excited spin state trapping
(HAXIESST) in analogy to the LIESST effect after green light irradiation [3-4]. In
analogy to the light-induced bistability of the LITH similar molecular effects
provoked by hard-X-ray irradiation have not been reported so far. In this
contribution, we introduce this remarkable dynamic phenomenon in the molecular
iron(II) spin crossover compound [FeII(phen)2(NCS)2] (phen=1,10phenanthroline) –
a hard-X-ray-induced thermal hysteresis (HAXITH).

[1] (a) J. F. Letard, P. Guionneau, L. Rabardel, J. A. K. Howard, A. E. Goeta, D.
Chasseau, O.
Kahn Inorg. Chem. 1998, 37, p. 4432. (b) A. Desaix, O. Roubeau, J. Jeftic, J.G. Haasnoot, K.
Boukheddaden, E.
Codjovi, J. Linares, M. Nogues, F. Varret, Eur. Phys. J. B 1998, 6, p. 183
[2] F. Renz, H. Spiering, H. A. Goodwin, P. Gütlich, Hyperfine Interactions, 2000, 126, p. 155
[3] G. Vankó, F. Renz, G. Molnar, Angew. Chem. Int. Ed. 2007, 46, p. 5306.
[4] G. Vankó, T. Neisius, G. Molnár, F. Renz, S. Kárpáti, A. Shukla, F. M. F. de Groot, J. Phys.
Chem. B 2006, p. 11647.
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VIBRONIC PROBLEMS IN NANOSIZED MIXED- VALENCE
CLUSTERS: A SYMMETRY ASSISTED APPROACH
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Here we present the electronic and vibronic problems of mixed valency (MV) in
molecular clusters which are of current interest in areas as diverse as solid-state
chemistry, biochemistry, molecular magnetism. We focus on the nanosized clusters
at the border between classical and quantum scales and present a general approach
to the evaluation of the energy spectrum of MV systems containing arbitrary number
of the localized spins and itinerant electrons. Then we discuss the vibronic models
and present a symmetry assisted approach [1,2] aimed to the solution of the
dynamic vibronic problem in large scale MV systems.

Figure. Tetra-ruthenium systems and the double
reduced

Keggin anion

The developed techniques are applied to the analysis of nanosized MV systems.
In particular, we discuss the intriguing magnetic properties of the 2e-reduced MV
dodecanuclear Keggin anion in which the electronic pair is delocalized over twelve
sites (Td) as shown in Figure. We consider also mixed-valence tetra-ruthenium
(2Ru(II)+ 2Ru(III)) systems [3] (assembled as two coupled Creutz-Taube
complexes, Figure) for which possible molecular implementation of quantum-dot
cellular automata was recently proposed.
[1] B. Tsukerblat, A. Palii, J.M. Clemente-Juan, E. Coronado, in Series: Progress in Theoretical
Chemistry and Physics, v.23: Vibronic Interactions and the Jahn-Teller Effect pp. 39-58 (2011)
[2] B. Tsukerblat, A. Palii, J.M. Clemente-Juan, A. Gaita-Ariño, E. Coronado, Int. J. Quantum
Chemistry, 112 (2012) 2849
[3] J.M. Clemente-Juan, A. Palii, E. Coronado, B. Tsukerblat, Optics and Spectroscopy, 116, 159-166
(2014)
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MOLECULAR MAGNETISM – A KEY ISSUE FOR QUANTUM
TECHNOLOGY
S. Klyatskaya1*, M. Ruben1,2, W. Wernsdorfer3
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Magnetic molecules have recently attracted interest in view of their potential to
realize nanometre-sized (single-)molecular spintronic devices by a combination of
bottom-up self-assembly and top-down lithography techniques. Uniquely, such
electronic devices based on a single molecule are supposed to show quantum
properties, which can be read out and manipulated by electrical means. We report
herein on the controlled generation of magnetic molecular nanostructures on
conducting surfaces, partially self-assembled on sp2-carbon nano-structures (SWCNTs, graphene, etc.), or between nano-gap gold electrodes. The obtained
supramolecular devices are investigated in view of their I-V-characteristics by
means of UHV- and solution-based scanning probe, break junction and
electromigration techniques. [1-7]

[1] S. Kyatskaya et. al. J. Am. Chem. Soc. 131, 15143-15151 (2009)
[2] M. Urdampilleta et al. Nature Mater. 10, 502-506 (2011)
[3] J. Schwöbel et. al. Nature Comms. 3, 953-956 (2012)
[4] R. Vincent et al. Nature 488, 357-360 (2012)
[5] M. Ganzhorn et al. Nature Nano. 8, 165–169 (2013)
[6] M. Ruben et. al. Nature Nano. 8, 377–389 (2013)
[7] S. Wagner et. al. Nature Nano. 8, 575–579 (2013)
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SPIN CROSSOVER IN IRON(III) SCHIFF–BASE COMPLEXES
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A series of iron(III) complexes with pentadentate Schiff-base ligands containing
chlorido, azido and thiocyanato coligands has been synthesized, structurally
characterized and subjected to magnetometry [1, 2].
Two complexes with thiocyanato coligands and one with azido show spin
transitions. The complex [Fe(1–anapet)(NCS)] (1) exhibits a gradual spin crossover
(SCO) centered at Tc = 114 K and it shows a thermochromism (brown–violet at r.t.;
dark–green at T = 78 K) (Fig. 1 left). The substance [Fe(2–anapet)(NCS)] (2) shows
an abrupt spin transition at Tc = 44 K with 4 K hysteresis width. The spin transition
proceeds from the intermediate spin S = 3/2 to the high spin S = 5/2 states (Fig. 1
centre), where the intermediate spin is not typical for hexacoordinate iron(III).
[Fe(5–BrSalpet)N3]·CH3OH (3) underlies a gradual SCO centered at Tc = 142 K
(Fig. 1 right). All systems are cooperative with higher values of g–factors of low (or
intermediate) spin states. Molecular vibrations have a considerable contribution to
the partition function. Experimental data were fitted with Ising–like model with
vibrations (in the case of compound (2) with Gauss distribution). The precursors,
[Fe(2–anapet)Cl] (4) and [Fe(5–BrSalpet)Cl]·0,5H2O (5), are in the high spin state
in the whole temperature region.
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Fig. 1 Magnetic properties of [Fe(1–anapet)(NCS)] (1) (left), [Fe(2–anapet)(NCS)] (2)
(centre) and [Fe(5–BrSalpet)N3]·CH3OH (3) (right). Solid lines - fitted.

[1] C. Krüger, P. Augustín, I. Nemec, Z. Trávníček, H. Oshio, R. Boča, F. Renz, Eur. J. Inorg. Chem.,
5-6, 902, (2013)
[2] C. Krüger, P. Augustín, Ľ. Dlháň, J. Pavlik, J. Moncoľ, I. Nemec, R. Boča, F. Renz, prepared for
publication
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FIVE SINGLE MOLECULE MAGNETS: [Dy2Zn2], [Dy2Co2], [Dy2],
[DyCu], AND [Co]
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A number of coordination compounds containing Dy(III) central atoms have
been synthesized and subjected to magnetochemical analysis using a contemporary
hardware (SQUID magnetometer/susceptometer MPMS-XL7). Four Dy(III)
compplexes show a slow magnetic relaxation (based upon the AC susceptibility
measurements) that is typical for single-molecule magnets [1].

Surprisingly, also a simple mononuclear Co(II) complex [CoBr 2(PPh3)2] also
spans the class of single-molecule magnets (single-ion magnets). This compound
exhibits two relaxation processes [2].
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ENHANCED MAGNETIC COERCIVITY IN THE SPINEL FERRITE
POWDER HYBRIDIZED WITH α-Fe2O3 OR BaFe12O19
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Magnetic moment of materials changes with the arrangement of magnetic
elements in their crystal structure. Magnetic coercivity is important together with the
moment to realize their application. It can change with the magnetic domain
structure. It is not yet clear the way how to change the magnetic domain structure
especially in powder form. We have succeeded the preparation of ferromagnetic αʺFe16N2 powder having magnetization of about 220 Am2kg-1 at room temperature [1,
2]. It has magnetic coercivity in a range of 50～130 mT. We could decrease the
coercivity to 20 mT either by doping a small amount of Co in the crystal lattice
using its magneto striction [3] or by forming nonmagnetic Al2O3 domain boundary
[4].
Spinel ferrites were hybridized with antiferromagnetic α-Fe2O3 and BaFe12O19 to
study the way to increase magnetic coercivity of spinel ferrite, respectively.
Thermally metastable (Fe0.75Co0.25)3O4 spinel was prepared in solution route. It had
magnetization of 70 Am2kg-1 and coercivity of 23 mT and converted to a mixture of
CoFe2O4 and α-Fe2O3 in its firing at 700°C. The fired product at 500°C showed an
enhanced coercivity of 180 mT with magnetization of 62 Am2kg-1. Magnetic domain
of CoFe2O4 spinel was pinned by the nano-sized antiferromagnetic α-Fe2O3
precipitated to enhance the coercivity. Magnetite Fe3O4 powder was also prepared
with a small amount of BaFe12O19 seed in solution route. The magnetic coercivity
was enhanced from 1.5 mT to 170 mT by the seeding. Their magnetization curves
were smooth in their shape due to the magnetic coupling of the ferrite with the seed
crystals.

[1] K. Yamanaka, Y. Onuma, S. Yamashita, Y. Masubuchi,T. Takeda, S. Kikkawa, J. Solid State
Chem., 183, 2236–2241 (2010)
[2] S. Yamashita, Y. Masubuchi, Y. Nakazawa, T. Okayama, M. Tsuchiya, S. Kikkawa, J. Solid State
Chem., 194, 76-79 (2012)
[3] Y. Masubuchi, H. Sato, T. Motohashi, S. Kikkawa, J. Ceram. Soc. Jpn,, in press
[4] Y.Tsugawa, Y.Masubuchi, T.Motohashi, S.Kikkawa, J. Solid State Chem, in preparation

42

II. Electric and magnetic aspects – LECTURE

NOVEL RECHARGEABLE LITHIUM ION BATTERY FOR LARGE
SCALE ENERGY STORAGE AND ITS TEMPERATURE
PERFORMANCES
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Rechargeable aqueous lithium batteries (RALBs) are attractive alternative energy
sources to bypass safety issues of lithium-ion batteries (LIBs) with organic
electrolyte. Moreover, the fast lithium diffusion in aqueous electrolyte media could
allow for the operations under high electric current conditions required especially

Fig. 1. Cycle performance of Zn|LFP battery at 6 C.

for high power supply [1]. In 1994, J. Dahn et al reported a VO2/LiMn2O4
rechargeable aqueous battery, based on the “rocking chair” concept adopted from
LIBs [2]. However, this type of batteries had serious issues with cyclability.
In this work, we report a system comprising an intercalation LiFePO4 cathode
and a Zn metal anode in an aqueous electrolyte (Zn|LFP) operated at different
temperatures. The new aqueous battery operates at 1.2 V and exhibits excellent
cycle performance as shown in Fig. 1; the battery could maintain 103 mAh g-1
capacity at a high current density of 6 C even after 300 cycles at room temperature.
The battery operates successfully at the temperature range from -10 to 50 °C. The
further details of these studies will be presented at the Meeting.
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PROTON CONDUCTIVITY BEHAVIOR OF ALUMINUM
BIPHENYL-4,4’-DICARBOXYLATE STUDIED BY IMPEDANCE
SPECTROSCOPY WITH RANDOM-WALK APPROACH
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Al(OH)(bpdc), an aluminum metal-organic framework (MOF) compound, has
been synthesized under solvothermal conditions from an aluminum salt and
biphenyl-4,4’-dicarboxylic acid (H2bpdc), using N,N-dimethylformamide as a
solvent which affects porosity and the flexibility of the network [1]. Its structure
consists of chains built of aluminum coordination octahedra bridged by bpdc linkers.
This compound has a high permanent porosity.
Due to presence of water molecules in the pores this compound is a moderate
proton conductor. We studied the proton conductivity of this MOF as a function of
relative humidity and we determined its conductivity using impedance spectroscopy
(IS). We evaluated its data by a traditional equivalent electrical circuit approach, and
we use a new approach called random-walk (RW) approach [2,3]. We found that
conductivity increase exponentially with relative humidity of surrounding
atmosphere. From the comparison of conductivity values calculated from the
equivalent electric circuit and RW approaches we found that the RW approach is
applicable for the evaluation of the IS data of our material.
Using RW approach we got also other parameters such as number of charge
carriers and diffusion coefficient and we determined their dependence on relative
humidity. The thermal dependence of conductivity was also studied with the aim to
determine the activation energy of the conductivity process.
[1] I. Senkovska, F. Hoffmann, M. Fröba, Microporous and Mesoporous Materials 122 (2009) 93–98
[2] D.S. Patil, K. Shimakawa, V. Zima, J. Macak, T. Wagner, J. Appl. Phys. 113 (2013) 143705
[3] S. Stehlik, K. Shimakawa, T. Wagner, M. Frumar, J. Phys. D-Appl. Phys. 45 (2012)
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ELECTRON CONDUCTION PROPERTIES OF ONE-DIMENSIONAL
PERIODIC UNEVEN STRUCTURED C60 POLYMER FILMS
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One-dimensional (1D) uneven peanut-shaped C60 polymer is one of nanocarbon
allotropes such as fullerene, nanotube, and grapheme [1]. When the 1D polymer is
applied to electronic devices, it is important to understand the electron-transport
properties of its film.
Here we report on the electron conduction characteristics of the 1D C60 polymer
film with and without air exposure, using an UHV apparatus that consists both of a
sample preparation chamber equipped with a Knudsen-cell for thermal evaporation
of C60 and with an EB gun for C60 polymerization and of a four-probe measurement
chamber equipped with a temperature control system in the range 30–350 K. For the
former polymer film [2], Arrhenius plots of the resistance as a function of
temperature showed two different electron conduction mechanisms.
At
temperatures above 140 K, it was found that electrons are conducted via a thermal
excitation hopping mechanism, and the activation energy changed discontinuously
from 124 to 99 meV at ca. 190 K, whereas at temperatures below 100 K, the
electron conduction behavior is consistent with a 2D variable-range hopping
mechanism. On the other hand, for the latter polymer film [3], Arrhenius plots of the
film resistance with respect to temperature showed two different electronconduction mechanisms. At temperatures above 160 K, electrons are conducted in a
similar manner to the air-exposed film (the activation energy: 34–53 meV). At
temperatures below 90 K, it is interesting to note that the resistivity of the 1D
polymer film exhibits an anomalous behavior that becomes fluctuated at a given
value in the temperature range 40–90 K and decreases at temperatures below 40 K.

[1] J. Onoe et al., Appl. Phys. Lett. 82, 595-597 (2003).
[1] S. Ryuzaki, M. Nishiyama, J. Onoe, Diamond and Relat. Mater. 33, 12-15 (2009).
[2] S. Ryuzaki, J. Onoe, Appl. Phys. Lett., 104, 113301 (2014).
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HEXACOORDINATE Ni(II) COMPLEXES – MAGNETIC
PROPERTIES AND MAGNETOSTRUCTURAL D-CORRELATION
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Two Ni(II) complexes Ni(2-Me-Snic)2(3,5lut)2(H2O)2 (1) and Ni(2-Me-Snic)2(FP)2(H2O)2 (2)
have been synthesized, structurally and spectrally
characterized. The {NiN2O4} chromophore refers
to a compressed tetragonal bipyramid for which a
negative zero-field splitting is expected [1].
The quantitative analysis of the susceptibility
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three new points x1, x2, and x3.
magnetostructural
Dcorrelation for hexacoordinate Ni(II) complexes with negative medium structural
and magnetic anisotropy (Fig.1). On the contrary, the complex 3, [Ni(H2O)4(2-MeSnic)2].4H2O, possessed rather large positive structural and magnetic anisotropy
with D/hc = +4.4 cm-1 [2].
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IMPEDANCE ANALYSIS OF [(GeS2)100-2x-(Ga2S3)x-(AgI)x]100-y-Agy
CHALCOGENIDE SYSTEM AND STUDY OF POWER LAW
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The study of ion-conducting glasses is extremely important because these glasses
can be easily fabricated into complex shapes and have a wide compositional
flexibility to optimize their properties and conductivities. Chalcogenide glasses
(ChGs) containing LiI or AgI have emerged as promising candidates for fast ionic
conductors and optoelectronic materials of unique properties [1]. In fact, ChGs
containing LiI, such as LiI-Li2S-GeS2-Ga2S3, are one of the best solid state
electrolytes known up to date. Li-containing electrolytes are difficult to prepare and
environmentally hazardous because of their poor chemical and thermal stability. We
are trying to replace Li by Ag metal, since Ag-containing chalcogenides also were
studied and showed a good ionic conductivity [1, 2]. In the present work we studied
the ionic conductivity behavior of GeS2-Ga2S3-AgI-Ag chalcogenide system by a
random-walk approach [2].
The samples of the nominal compositions [(GeS2)100-x-(Ga2S3)x-(AgI)x]100-y-Agy
were prepared by Ren et al., as mentioned in [3]. We observed that the conductivity
of these glasses increases with increasing content of both AgI and Ag. The observed
conductivity obeys Power-law dependence [4]. The activation energy was found to
decrease from 0.47 to 0.38 eV with increasing AgI content from 5% to 40%. We
also discuss the correlation of diffusion coefficient and mobile ion concentration
with AgI concentration.
[1] S. Stehlik, V. Zima, T. Wagner, J. Ren, M. Frumar, Solid State Ionics 179, 1867 (2008).
[2] D. S. Patil, K. Shimakawa, V. Zima, J. Macak, and T. Wagner, J. App. Phys. 113, 143705 (2013).
[3] J. Ren, Q. Yan, T. Wagner, V. Zima, M. Frumar, B. Frumarova and G. Chen, J. App. Phys. 114,
023701 (2013).
[4] K. Shimakawa, T. Wagner, J. App. Phys. 113, 143701 (2013).
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PHOTOMAGNETIC PROPERTIES OF SPIN CROSSOVER IRON(II)
COMPLEXES
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Photomagnetic properties of recently prepared, structurally and magnetically
characterized [1, 2] iron(II) complexes, namely 1(ClO4)2 ([Fe(L1)2](ClO4)2, L1 = 4{2,6-bis(pyrazol-1-yl)pyridine-4-yl}benzaldehyde) and polymorphic compound
2(BF4)2 ([Fe(L2)2](BF4)2, L2 = 4-ethynyl-2,6-bis(pyrazol-1-yl)pyridine) have been
studied using the SQUID apparatus equipped with
the irradiation facility.
At the beginning compounds were photoexcited
to the high-spin (HS) state at low temperature. Then
the temperature evolution of magnetic properties
was recorded in the dark (Light Induced Excited
Spin State Trapping, LIESST effect) as well as
under permanent irradiation (Light Induced Thermal
Hysteresis, LITH). So called TLIESST temperature was obtained from minimum of the
∂(χT)/∂T vs T curve and subsequently this value was compared with TLIESST
temperature calculated according to an empirical equation TLIESST = 150 – 0.3*T1/2
(where T1/2 is the temperature of the thermally induced spin crossover at which 50 %
of the molecules are in HS state) [3]. In the case of 1(ClO4)2 one can conclude
relatively satisfying agreement between calculated and predicted TLIESST temperature
(TLIESST = 70 K, calc. 64 K). On the contrary, different results were obtained from
two polymorphs of compound 2(BF4)2 and significant discrepancy between
predicted and found TLIESST temperature for polymorph 2A was observed (TLIESST =
90 K, calc. 48 K for 2A vs TLIESST = 23 K for 2B).
In the case of LITH, temperature, at which the high-spin mole fraction xHS = 0.5
was determined in the heating as well as in the cooling mode of experiment. Further
calculation of the width of hysteresis loop afforded values ∆T = 12 K for 1(ClO4)2,
35 K for 2A and 4 K for 2B. The width of LITH loop decreases with the lowering of
TLIESST temperatures of compounds under study.
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CORRELATION OF GRAIN MISORIENTATIONS AND
CONDUCTIVITIES FOR STRONTIUM TITANATE
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Strontium titanate (SrTiO3) is a potential anode material for solid oxide fuel cells
due to its chemical stability and conductive property. Grain boundaries (GBs) play
an important role in bulk ion conductivity. It has been reported that the resistance of
3GBs (coincidence-site lattice GBs) is much lower than the general GB in SrTiO3
using bicrystals. However, no study manipulated population of 3GBs to improve
the ion conductivity of SrTiO3. This study prepared various polycrystalline SrTiO3
specimens using spray pyrolyzed particles. The morphology and geometry of
particles were characterized using scanning electron microscopy and transmission
electron microscopy, respectively. Meanwhile, relevant grain misorientations and
conductivities of polycrystalline SrTiO3 were examined using electron back
scattered diffraction system and impedance spectroscopy, respectively. The
experimental results suggested that population of 3GBs is influenced by particle
morphologies, and the higher the 3GB population the higher the SrTiO3
conductivity.
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MAGNETIC PHASE DIAGRAM OF URu1-xPdxGe
D. Gralak and V. H. Tran*
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Magnetic phase diagram of the pseudoternary URu1-xPdxGe solid solutions has
been explored by means of magnetization, specific heat and electrical resistivity
measurerements. The investigated alloys 0.1  x  0.9 crystallize in the
orthorhombic TiNiSi - type structure with space group Pnma. The concentration
dependence of the unit cell volume follows approximately Vegard's law, through the
b - and c-axis parameters exhibit an anomaly around x = 0.7. It is found that the
magnetic ground state of URu1-xPdxGe strongly depends on the Pd substitution. The
compositions with x  0.32 are nonmagnetic down to 0.4 K. The compositions in the
concentration range 0.35  x  0.8 order antiferromagnetically with the Néel
temperature TN that attains its maximum value of 32 K at x = 0.8. The composition x
= 0.9 alike UPdGe manifests a complex magnetic order, probably undergoes into
two successive magnetic phase transitions: antiferromagnetic at TN= 20 K and
ferromagnetic at TC = 30 K. The observed development of magnetism corresponds
well to changes in the degree of 5f electron localization as well as in the Kondo
interaction strength. Remarkably, the magnetic susceptibility, specific heat and
electrical resistivity of the compounds located closer to nonmagnetic-magnetic
border x  0.3, follow a T-0.53, lnT and T3/2 temperature dependence, respectively.
The finding has been interpreted assuming that these compositions are non-Fermi
liquid alloys nearby quantum critical point.
Aknowledgement
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PROCESSING AND CHARACTERISATION OF ADVANCED
CERAMICS FOR DEMANDING APPLICATIONS
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This presentation will focus on the processing of advanced ceramics for two
completely different, but very demanding applications, viz. nano yttria stabilised
zirconia (YSZ) for valves for the petrochemical industry and nano hafnium diboride
for thermal protection during hypervelocity flight. The two concepts have reached
different stages in their development and the presentation will seek to contrast the
difficulties being overcome to progress these applications. Nano YSZ can now be
produced with a range of different grain sizes and yttria contents and it has been
discovered that the material is much more resistant to attack by moisture than
conventional submicron YSZ, this has opened up the potential to use the material in
environments such as dental ceramics and petrochemical valves. Meanwhile, it has
been shown that, when combined with submicron powder of the same composition,
nano hafnium diboride can benefit the thermal resistance of composites designed to
withstand temperatures up to 3000 oC.
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BORON- AND SILICON-BASED POLYMER DERIVED NANOCERAMICS
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The development of new materials, with the goal to meet the needs of near-future
technological challenges in energy or environment issues particularly, is strongly
dependent on the elaboration of ceramics with suitable morphologies, shapes and
enhanced properties. This ambitious goal can be achieved by both the utilization of
non-conventional chemical methods and the related preparation of tailored
precursors.
In the case of non oxide ceramics, the pyrolysis of preceramic precurors, either
molecular or polymeric, is a useful process for preparing various inorganic materials
with a controlled chemical composition and in complex shapes when suitable
shaping processes are used. The general strategy to produce such materials can be
described as a molecule-to-ceramic conversion, involving a complex sequence of
physical and chemical modifications. This process can be divided into two subprocesses both starting from a single-source molecular precursor. The first route lies
on the creation of polymeric intermediates, allowing a subsequent shaping step
whereas the second method is related to a one-step access to specific shapes.
In this contribution, several examples of shaped-Polymer Derived nano-Ceramics
will illustrate this elegant method. We will focus on boron- and silicon-based PDCs
displaying various forms and sizes, including monolith-type foams with hierarchical
porosity, nanostructures including nanopowders and nanopolyhedrons,
nanocomposites, nanowires. Micro-, meso-materials and other types of materials
will be also described.
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COMMERCIAL-SCALE CATALYTIC PERFORMANCE
OF HIERARCHICAL ZEOLITES
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The field of hierarchical zeolites in general and mesoporous zeolites in particular
has seen tremendous growth over the past decade, as part of the ongoing efforts to
alleviate the diffusional limitations that are imposed by the micropores of
conventional zeolites. Zeolite Y is the most widely used zeolite in catalysis and the
developments in mesoporous Y reflect the general “landscape” of mesoporous
zeolites. The preparation of mesoporous Y, the materials’ properties, and their
catalytic application in fluid catalytic cracking (FCC) will be critically reviewed.
Finally, the scale-up and use of mesostrutured zeolite Y at commercial scale will be
presented, which demonstrate, for the first time, the promising future of hierarchical
zeolites in large scale industrial applications. It constitutes the first example of
commercial application of hierarchical zeolites on an industrial scale.

Figure 1. Observed trends during a trial at Alon’s Big Spring, Texas refinery of
our catalyst (blue) in comparison with a conventional one (green): (left) increased
feed rate by 700 BPSD (barrel per stream day) and (right) an incremental value
uplift owing to the change-out of the incumbent catalyst for Rive’s MH-1 catalyst
that contained mesostructured Y zeolite.
[1] a) J. Y. Ying, J. Garcia-Martinez, US20050239634, 2005;
b) J. Garcia-Martinez, M. Johnson, J. Valla, K. Li, J. Y. Ying, Catal. Sci. Technol. 2, 987–994 (2012);
c) J. Garcia-Martinez, K. Li, G. Krishnaiah, Chem. Commun. 48, 11841–11843 (2012);
d) K. Li, J. Valla, J. Garcia-Martinez, ChemCatChem 6, 46–66 (2014).
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Lithium-ion batteries are currently used as power sources in energy storage
applications due to the adapted functionality and chemistry for a long cycle lifetime, high energy density, high power density and relatively simple reaction
mechanisms. The main challenge not only for electric vehicles but also for smaller
portable devices as well as high capacity stationary storage facilities is related to
safety behaviour under normal and abusive operation conditions. Understanding the
heat generation and propagation in lithium-ion batteries and avoiding thermal
runaway at high temperature are critical issues. In an attempt to improve the battery
safety, battery management systems (BMS) were introduced for thermal controlling
batteries of high power and energy density. Therefore the thermal properties such as
thermal conductivity, heat capacity and thermal diffusivity are required for a well
optimisation of the BMS.
The goal of this work is to investigate the high temperature thermophysical
properties of individual lithium-ion cell components. Cathode electrodes based on
mixed oxide intercalation materials such as lithium nickel oxide (LiNiO2), lithium
manganese oxide (LiMnO2), lithium cobalt oxide (LiCoO2) known as Li(NMC)O2,
are presently worldwide considered [1]. In order to fully understand the material
behaviour within the cell for normal operation and abuse conditions, it is important
to study the overall cell chemistry for the end-member compounds and intermediate
compositions. The focus is set on composite thick film (thickness about 0.1 mm)
cathode materials containing binder, conductive agents and active material, such as
(1) layered intercalation lithium cobalt oxide (LiCoO2), which is the main cathode
material used nowadays in many commercial lithium-ion cells. In addition, the
influence of the additives on the active material properties was studied. Thus,
samples containing mixtures of (2) LiCoO2 and binder, (3) LiCoO2 and carbon black
and (4) bare LiCoO2 were measured. Thermal conductivity data up to 400 °C were
determined from thermal diffusivity measured by laser flash analysis method and
heat capacity by calorimetric methods. Scanning electron microscopy and
metallographic methods (light microscopy) were also used for structural
investigations.
[1] S. Dou, Journal of Solid State Electrochemistry, 17, 911–926 (2013)
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Hospital acquired infections (HAI) cause a death of about 10% of patients [1].
Harmful bacteria species like MRSA which are responsible for HAIs are spread in
healthcare centers through hand contact, ventilation system, linen and curtains [2].
Antimicrobial textiles can be one of the routes to minimize transmission of bacteria
and combat nosocomial infections.
Titanium dioxide (TiO2) is a powerful material, highly tested and analyzed in the
last decades. It has a photocatalytic activity under UV-irradiation, and produces
reactive oxygen species (ROS) [3,4]. As it was proven titanium dioxide can
effectively kill several bacteria species [5]. We have used these properties of
nanoparticles to modify the surface of polyester textile in a sonichemical procedure.
Commercially available titanium dioxide P25 (Aeroxide® Evonik) was used for
these research. Water suspension of TiO2 was prepared (5g/l). Textiles were
immersed into the suspension, sonicated for 5 mins in optimized conditions and
dried in 70°C. Coverage of the textile yarns was tested using Scanning Electron
Microscope and the concentration of Ti was measured by means of Atomic
Absorption Spectrometry. We have shown that textiles can be covered with
nanoparticles of titanium dioxide and as the result, obtained product is durable.
Procedure of simplified washing was performed and according to the results textiles
can withstand 30 cycles of washing. Textiles covered with antimicrobial
nanoparticles have very high potential in real-life applications.
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[1] World Health Organization, Prevention of hospital-acquired infections: A practical guide.
WHO/CDS/CSR/EPH/2002.12 1-64 (2002)
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Silicon nitride/oxynitride-based ceramics are well established as engineering
materials in many industrial applications. In the last decade these materials have
attracted a high attention due to their ability to serve as a host lattices for phosphors.
In this study europium and cerium-doped MgSiN2 and LaSi3N5 have been
synthesized from Si/Mg2Si/Si3N4 or LaSi/Si/Si3N4 mixtures doped with Eu2O3,
Sm2O3 or CeO2 by direct nitridation. The emission band of LaSi3N5:Eu phosphor
was in the green light region, while MgSiN2:Eu emitted red light. The influence of
Ce and Sm addition on the luminescent properties of LaSi3N5 and MgSiN2
phosphors will be also discussed.
First-principles density-functional theory (DFT) calculations were performed to
enhance the understanding of the electronic structure of the stoichiometric LaSi 3N5
and La/Eu (La/Sm or La/Ce) and N/O substituted ternary nitrides. The electronic
structure and band gaps are calculated in 2×1×2 super-cell with 144 atoms using the
more precise screened coulomb hybrid functional HSE06, which gives more
reasonable results copared to DFT method. The calculated band gaps of Sm(III)doped LaSi3N5 and Ce(III)-doped LaSi3N5 are 2.01 eV and 4.65 eV, in good
agreement with the experimental values of 2.12 eV and 4.78 eV, respectively.
Silicon oxynitride-based phosphors were prepared also from polymer derived SiO-C-(N) precursors and Al-alkoxide. Depending on the host lattice, i.e. O-sialon or
beta-sialon, on the substitution level Si/Al and N/O, and on the doping rare earth
(RE = Eu, Sm, Ce) content blue, green, orange and red light emitting phosphors
were prepared.
Acknowledgement
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The inorganic-organic hybrid films combine the advantages of inorganic
materials (chemical, thermal and mechanical resistance) with the properties of
organic materials (flexibility). The improved or unusual features of hybrid films are
useful for applications in various fields relating to protective, optic, electronic, etc.
[1,2].
The sol-gel method was used for preparation of sols in system “TEOS-organicIPA-HNO3-H2O” containing the various ratios of “chlorotrimethylsilane : TEOS”
and “triethoxy(octyl)silane : TEOS”. The inorganic-organic hybrid films were made
by dip-coating method.
Properties of films surface, such as morphology, topography and adhesive force,
were studied using atomic force microscopy (AFM). The contact angle of water and
diiodomethane was measured for identification of surface forces, such as dispersion
and polar components of surface free energy.
The obtained results are discussed from the aspect of “alkylsilane : alkoxide”
ratio as well as the influence of individual alkylsilane. The prepared inorganicorganic films have the hydrophobic and lyofilic character of surfaces from the aspect
of measuring liquid. The results show the high degree of correlation in the terms of
surface free energy, its components as well as adhesive force when the content of
alkylsilane increases.
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The nanocomposite films containing nanoparticles which are built in them have a
wide range of application as protective, dielectric and superhydrofobic films. The
systems “stabilized aqueous SiO2 sol – acetic acid – isopropylalcohol” and “TEOS –
stabilized aqueous SiO2 sol – HNO3 – isopropylalcohol” were used to study the
possibilities of preparation of nanocomposite SiO2 films and their properties. The
structural properties of surface of prepared films, such as morphology, topography,
the adhesion forces and the arrangement of nanoparticles in nanocomposite films
were studied using atomic force microscopy (AFM) and scanning electron
microscopy (SEM). The contact angle of water and diiodomethane was measured to
specify the polar and disperse components of surface free energy. Obtained results
were discussed according the method of stabilization of SiO2 nanoparticles in sols.
The relation between surface free energy, adhesion forces detected by AMF and
structural properties of surface of prepared films was also discussed.
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Chemical and Physical Sciences, Victoria University of Wellington, Kelburn
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Luminescent materials composed of activators, such as rare earth ions, doped
into a host matrix are used in many important applications, such as for optical
displays and lighting. A range of solid-state hosts have been investigated, and
considerable attention has been given to oxide phosphors with superior chemical and
physical properties, allowing them to be used in environments and applications
unsuitable for conventional sulfide hosts. Inorganic Polymers (geopolymers) are
materials with good chemical and thermal stability that have not yet been considered
as luminescent hosts, although other related materials have shown promise [1-4].
In this research, gallium-aluminium silicate analogues of aluminosilicate
inorganic polymers [5] were used as host materials for luminescent systems for the
first time. The composition of these amorphous hosts is flexible, with the possibility
of varying the extent of substitution of gallium for aluminium from 0-100% as well
as changing the SiO2:(Al2O3+Ga2O3) ratio. Europium (III) and samarium (III) ions
were incorporated within these inorganic polymer hosts by ion exchange, and
excitation and emission spectra of the resulting materials showed the characteristic
photoluminescent transitions of these ions. Both the exchanged and undoped hosts
also exhibited a blue-green emission.
The development of these luminescent materials is of interest as a demonstration
of a new type of host material with good chemical and thermal stability, and also
represents another advanced application exploiting the versatility of inorganic
polymers.

[1] J.J. Brown, US Patent 3,576757 (1971)
[2] S.S. Pedro, O. Nakamura, R.B. Barthem, L.P. Sosman, Journal of Fluorescence, 2, 211-219 (2009)
[3] T. Jüstel, D.U. Wiechert, C. Lau, D. Sendor, U. Kynast, Advanced Functional Materials, 11, 105110 (2001)
[4] X. Yang, T.S. Tiam, X. Yu, H.V. Demir, X.W. Sun, ACS Applied Materials and Interfaces, 11,
4431-4436 (2011)
[5] A.T. Durant., K.J.D. MacKenzie, H. Maekawa, Dalton Transactions, 18, 4865-4870 (2011)
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POLYMER-DERIVED BORON NITRIDE WITH TAILOR-MADE
POROSITY FOR ENERGY APPLICATIONS
C. Salameh*, G. Moussa, S. Bernard, U. B. Demirci, P. Miele
IEM (Institut Europeen des Membranes), UMR 5635 (CNRS-ENSCM-UM2),
Universite Montpellier 2, Place E. Bataillon, F- 34095, Montpellier, France
* The corresponding author’s e-mail: chrystelle.salameh@univ-montp2.fr
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storage.
Porous materials made from inorganic ceramics are attracting great attention due
to their potential in energy and environment applications including gas separation,
hydrogen production and storage as well as air and water purification. Our talk will
be focused on the hydrogen storage application.
Boron nitride BN is probably one of the non-oxide ceramics with the highest
potential for energy and environment applications. This is not only related to its
properties but also to its structure and the dipolar character of the B-N bond. As
porous material, it can display high specific surface area, small pore size and low
density if an appropriate elaboration method is applied.
Here we focus on the synthesis of mesoporous BN monoliths by combining the
Polymer Derived Ceramics route (PDCs) with nanocasting. The synthetized
monoliths were characterized at different temperatures and from the evolution of
their textural features, textural parameters can be tuned delivering BN monoliths
with tailor-made porosity. BET, SEM, TEM have been investigated to characterize
the materials.
As-obtained monoliths have been used as host materials for the nanoconfinement
of ammonia borane NH3BH3, a solide-state H2 storage material in order to study the
hydrogen sorption capacities (pure hydrogen generated starting 35°C via
thermolysis). They were also used as noble metal catalyst support (Platinum, Nickel)
for the further catalysis of the dehydrogenation. We demonstrated the interest of
mesoporous BN monoliths to destabilize ammonia borane involving a higher
gravimetric capacity of H2 storage, a lower deshydrogenation temperature and the
minimization of by-products (borazine, ammonia) by TGA coupled with mass
spectrometry.

60

III. Applications of inorganic and organometallic materials - LECTURE

PREPARATION OF CALCIUM SULFATE FOR BIOCERAMIC
APPLICATIONS
W.-H. Tuan
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The calcium sulfate powder compact exhibits excellent osteoinductive and
osteoconductive characteristics; they can be used to repair bone defects. However,
the degradation rate of calcium sulfate compact is very fast. The present study
demonstrates that the degradation rate of calcium sulfate compact can be
manipulated through the use of sintering technique. To fire the calcium sulfate
powder compact to elevated temperatures increases their relative density. The
density can be further enhanced through the addition of sintering additive. The
sintered calcium sulfate compact with the addition of sintering additive exhibits a
high strength and a low cytotoxicity. More importantly, the degradation rate is
tunable through the choice of sintering additives.
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DESIGN AND SYNTHESIS OF POROUS METAL-ORGANIC
FRAMEWORKS FOR CARBON DIOXIDE ADSORPTION
V. Zeleňák1*, M. Almáši1
Department of Inorganic Chemistry, Faculty of Natural Science, P.J. Šafárik
University, Moyzesova 11, 041 54 Košice, Slovak Republic
*
The corresponding author’s e-mail: vladimir.zelenak@upjs.sk
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methanetetrabenzoate (MTB4-)
Design and synthesis of functional materials of metal-organic frameworks
(MOFs) type has become a fascinating area of interest in last decade. The polymeric
complexes consisting of transition metal ions and organic ligands have attracted
considerable attention because of their promising applications various fields like
catalysis or gas adsorption or storage.
In our work we use different caboxylate anions to synthesize the metal organic
frameworks, for example: formate (HCOO-) as the smallest and the simplest anion,
larger trimesate (BTC3-) or benzenetribenzoate (BTB3-) and the largest anion
methanetetrabenzoate (MTB4-). These anions are coordinated to 3d or 4f cations to
form polymeric structures of varying porosity and topology.
In the contribution we will present the properties of different new MOFs like
{[Ni4(H2O)8(MTB)2].10H2O.11DMF}n [1], {[Zn2(H2O)2(MTB)2].3H2O.3DMF}n [2]
{[Pb4(MTB)2(H2O)4]·5DMF·H2O}n,
{[Zn2(CYC)2(MTB)].3H2O.5DMF}n,
{[La(BTB)(H2O)].2DMF}n,{[Ce(BTC)(H2O)].DMF}n. The structure of some
compounds imitates naturally occurring minerals, e.g. MOF with composition
{[Ni4(μ6-MTB)2(μ2-H2O)4(H2O)4]∙10DMF∙11H2O}n exhibits CaF2-like structure or
compound {[Zn2(MTB)(H2O)2]·3H2O·3DMF}n PtS-like structure.
The properties and stability of the novel MOFs were studied by the methods IR
and Raman spectroscopy, single-crystal X-ray diffraction, in-situ PXRD, TGA
coupled with MS. The study of nitrogen and carbon dioxide adsorption over these
materials will be presented.

Fig. View of the structure of {[Zn2(MTB)(H2O)2]·3H2O·3DMF}n and its N2 and
CO2 adsorption.
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[1] M. Almáši, V. Zeleňák, M. Opanasenko, J. Čejka, Dalton. Trans., 43, 3730-3738 (2014)
[2] M. Almáši, V. Zeleňák, R. Gyepes, A. Zukal, J. Čejka, Coll. Surf. A., 437, 101-107 (2013)
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NANO-TITANIA DOPED WITH NOBLE METALS – SYNTHESIS,
STRUCTURE, ECO- AND CITOTOXICITY
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Nano-titania doped with noble metals (Au/TiO2, Ag/TiO2, Pd/TiO2) has been
synthesized by mild hydrolysis of the mixture of metal salts or complexes and
titanium isopropoxide ((iPr-O)4Ti). After thermal decomposition of the obtained
precursors, nanomaterials were formed. Morphological characterization of the
nanomaterials was provided by scanning electron microscopy (SEM) and
stereological analysis, determining the BET specific surface area, and BJH
nanoporosity (pore volume, pore size) [1].
The presence of doping metal nanoparticles was confirmed by transmission
electron microscopy (TEM) and energy dispersive X-ray spectroscopy (EDX).
Nanomaterial phases were identified by X-ray diffraction (XRD). According to the
XRD patterns, Ag/TiO2 and Pd/TiO2 products with doping metals in their oxidized
form contain Ag–Ti and Pd–Ti phases.
The average size of TiO2 nanoparticles is situated in the region of 20–60 nm,
whereas metals are present as about 10–15 nm sized particles and fine nanoparticles.
Due to the fact, that finally nanomaterials get to a natural environment, the
ecotoxicological examinations covering the survival tests with application of small
organisms have been performed. The cytotoxity tests were performed with
application of BJ human skin normal fibroplast (ATCC) and human colon cancer
epithelial Caco-2 (ATCC).
Presented results are the part of the Project No MNT/SMARTPACK/2012.
[1] W. Ziemkowska, D. Basiak, P. Kurtycz, A. Jastrzębska, A. Olszyna, A. Kunicki, Chemical Papers,
(2014), DOI: 10.2478/s11696-014-0537-7
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CLAY-BASED HYBRID MATERIALS BY SPECTROSCOPY:
THE CASE OF MAYA BLUE
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The nanosized particles of clays exhibit a large and complex surface which is
chemically decorated by H2O. The guest-host interactions governing the selfassembly of clay-based hybrids are expected to have a direct effect on the presence,
structure and bonding of this H2O. Therefore, the structural characterization of H2O
in clays can be employed to study both, the structure of the inorganic host and its
modification by suitable organic guests.
Suitable experimental techniques for this type of study should be sensitive to
subtle changes in the structure of H2O and applicable in a non-invasive manner.
Near infrared spectroscopy (NIR) fulfils these requirements and becomes of great
analytical value especially if combined with common deuteration procedures and 2nd
derivative analysis and benchmarked against the assignment of fundamental modes
from mid-infrared or Raman experiments.
To demonstrate the efficiency of this approach, this lecture assembles a selection
of previously published results [1-3] pertaining to the use of NIR and other
vibrational spectroscopic techniques in the structural elucidation of Maya Blue.
MB is a unique historical Mesoamerican pigment with extraordinary colour
fastness and resistance to weathering and chemicals. Its fabrication involves the
thermal treatment of palygorskite clay and indigo. Several issues that remained
controversial can now be resolved: There is only one type of association mechanism
which operates over broad composition and temperature ranges and involves
zeolitically dry palygorskite. The associated dye species is indeed indigo, and not
the oxidized form known as dehydroindigo. Association takes place inside the
tunnels of palygorskite and not via the silanol groups on the outer surface of the clay
particles. Finally, the H-bonding interactions between the tunnel inner walls and the
guest indigo are particularly weak, and this would be a prerequisite for the
quantitative one-dimensional diffusion of molecular indigo inside the tunnels of
palygorskite.
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International Year of Crystallography will be shortly introduced and importance
of crystallography will be demonstrated on a few examples of X-ray diffraction
(XRD) studies of polycrystalline thin films with interesting properties and
applications.
Full potential of XRD thin film analysis was used in numerous studies of TiO2
films prepared by different techniques and consisted in determination of phase
composition, lattice parameters, microstrain, crystallite size, residual stresses and
also surface roughness from X-ray reflectivity. In-situ studies of crystallization of
magnetron-deposited amorphous films showed significant dependence of the process
on the film thickness which is slower for very thin films due to the tensile residual
stresses generated during the crystallization and inhibiting further crystallization
[1, 2].
A simple and illustrative method of different fast XRD sample scans was applied
to the analysis of multicomponent texture of cubic KTaO3 thin films [3].
Nanocrystalline ZnO thin films grown by pulsed laser deposition on (0001)
sapphire, (100) MgO and amorphous fused silica showed very strong preferred
orientation and local epitaxy in a form of domains with different orientations, for the
crystalline substrates. High compressive in-plane stress in MgO films was detected
by diffraction spots mapping and line broadening was analyzed by combination of
different asymmetric scans for the lattice planes inclined differently with respect to
the surface.
Thin films of Ba2Zn2Fe12O22 hexaferrite were prepared through the chemical
solution deposition method on (111) SrTiO3 single crystal substrates using epitaxial
SrFe12O19 (M) hexaferrite thin layer as a seed template layer and showed good
epitaxial orientation.
[1] R. Kužel, L. Nichtová, Z. Matěj & J. Musil, Thin Solid Films, 519(5), 1649-1654 (2010)
[2] Z. Matěj, R. Kužel & L. Nichtová, Metallurgical and Materials Transactions, A42, 3323-3332
(2011)
[3] R. Kužel, J. Buršík, Thin Solid Films, 530, 2-8, (2013)
[4] R. Kužel, J. Čížek, M. Novotný, Metallurgical and Materials Transactions A, 44, 45-57 (2013)
[5] J. Buršík, R. Kužel, K. Knížek, I. Drbohlav, Journal of Solid State Chemistry, 203, 100-105 (2013)
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SYNTHESIS AND CHARACTERIZATION OF COMPLEX
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Complex phosphates MnL2(PO4)3 (0 ≤ n ≤ 4), with {[L2(PO4)3]p–}3∞ frameworks
(L is an octahedrally coordinated cation, p is a framework charge) have attracted the
attention of researchers due to their unique set of properties. These properties
include low (sometimes, negative) thermal expansion coefficient and low thermal
conductivity, ionic conductivity. Their high chemical, radiation, thermal stability
and high hardness are also significant.
The purpose of this work was the experimental investigation of metal in
oxidation state +2 incorporation possibility both in the framework and cavities sites
of the M0.5+xM'xZr2-x(PO4)3 (M – Mg, Ca, Mn, Co, Sr, Cd, Ba, Pb; M' – Mg, Mn, Co,
Zn; 0 ≤ x ≤ 2.0) phosphates.
The XRD and IR spectroscopy results showed that phosphates of the
compositions M0.5+xM'xZr2-x(PO4)3 with M – Mg, Mn, Co crystallized in the SW
(Sc2(WO4)3, space group Р21/n) structural type, and those with M – Ca, Sr, Cd, Ba,
Pb were characterized within NZP (NaZr2(PO4)3, space group R 3 c) structure. As a
result, isomorphism regularities in the SW and NZP-type phosphate systems have
been established. It was shown, that optimal conditions for SW structure formation
realize in the case when the average ionic radius of cavities cations is comparable
with those of framework-forming cations. If the sizes difference is more significant
(like in Cd- and Ca-containing samples), NZP structure is formed in high
concentration range x of phosphates.
To make clear the distribution of metals with oxidation degree +2 in the
structural positions of the compounds, the crystal structures of triple phosphates
MnMg0.5Zr1.5(PO4)3 (SW), CoMn0.5Zr1.5(PO4)3 (SW), CaCo0.5Zr1.5(PO4)3 (NZP) and
CdMg0.5Zr1.5(PO4)3 (NZP) were refined by the Rietveld method.
Thermal expansion of the representatives of triple phosphates was studied in the
temperature interval 25-800°C. It was shown, that the studied compounds belong to
materials with low and middle thermal expansion coefficients.
The structural data illustrating the preferable distribution of 2-valent cations in
crystallographic framework and cavities sites expand the whole picture of
isomorphic ability of the structures based on {[L2(PO4)3]p–}3∞ frameworks. The
obtained solid solutions limits may be useful in crystal chemical design of materials
with smoothly changing properties, in particular, controllable thermal expansion
coefficients.
This work was supported by the Russian Scientific Foundation.
66

IV. Spectroscopic, diffraction and structural aspects – LECTURE

THE POST-SPINEL PHASE BOUNDARY IN Mn3O4 DETERMINED
BY IN SITU X-RAY DIFFRACTION UNDER HIGH PRESSURE AND
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Structural transformations are a very fertile research area where physicochemical
ceramics and earth sciences overlap to investigate basic aspects of the materials and
possible applications. At high pressures, spinel compounds can transform to
CaMn2O4-, CaFe2O4-, or CaTi2O4-type structures, often regarded as post-spinel
phases [1]. In this work the new results of in-situ synchrotron X-ray diffraction
studies of hausmannite up to 7.2 GPa and 1273 K are reported. The Mn 3O4
tetragonal spinel is found to transform to a 9.6 % denser polymorph of the
CaMn2O4-type structure at 7.2 GPa and 673 K, under milder conditions than those of
any transformations to postspinel phase described so far. Upon heating at high
pressure, the Mn3O4 phase undergoes decomposition and finally disappears in favor
of MnO at temperatures above 1073 K. Nonlinear compression behavior is observed
for both crystallographic axes, with the c-axis being more compressible than the aaxis. Axial ratios in CaMn2O4-type Mn3O4 with temperature are also estimated.
Surprisingly, the lattice distortion of the marokite-like phase, is not preserved upon
releasing pressure and temperature to ambient conditions [2].
Finally, a reconstructive hausmannite-to-postspinel transformation is connected
with a full octahedral movement. Manganese cations go from one octahedral site to
the next by edge-crossing, which requires energy input. This is the likely reason why
together with high pressure the high temperature is also needed to facilitate a
transformation of the highly stable hausmannite to marokite-like structure. One
interesting property of the post spinel compounds is the potentially high mobility of
cations through the lattice, what makes post spinel phases promising candidates for
cathode research.
Acknowledgement
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LUMINESCENCE PROPERTIES OF ALUMINATE AND
ALUMINOSILICATE GLASSES
D. Galusek, A. Prnová, R. Klement, A. Haliaková, M. Michálková
Vitrum Laugaricio, Joint Glass Centre of the IIC SAS, TnU AD, and FChFT STU,
Trenčín, Slovak Republic
Aluminate glasses are transparent in IR, UV and VIS, and as such, they represent
an ideal host matrix for optically active dopants. Moreover, due to their low phonon
energies in comparison to common silicate glasses, non-radiative transitions are
suppressed and high efficiency of luminescence can be expected. In the present
work we summarize the results of systematic study of luminescence properties of
aluminate glasses in the binary, and ternary systems Al2O3-RE2O3-(SiO2/ZrO2), RE
= Y, Yb, La, doped with various optically active additives, such as Er, Nd, Eu, Mn,
Bi, V etc. The influence of glass composition on luminescence was studied in detail.
The glasses were also crystallized under controlled conditions, and the influence of
phase composition (glass-to-crystalline phase ratio, presence and fraction of various
crystalline phases, such as rare earth aluminate garnets and perovskites) on
wavelength and intensity of luminescence was studied.
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The aim of this work is to enhance the previous studies of volume effects in glass
caused by electron irradiation and to explain some of the found structural changes
using Raman spectroscopy. Different types of glasses (silica glass, Float glass,
binary alkaline glasses 15K2O·85SiO2 and 15Li2O·85SiO2, and borosilicate glass)
were irradiated by 50 keV electron beams with variable doses. Raman spectra were
taken from irradiated and unirradiated areas. The main structure changes obviously
visible from Raman spectra are as follows: shifts of the Q-motives bands and
changes of their intensities; evolution of D1 and D2 defect peaks, which correspond
to the symmetric oxygen breathing vibrations of four and three membered siloxane
rings; a new sharp peak at 1550 cm-1 corresponding to a formation of the molecular
oxygen, etc. Finally, the irradiated silica glass was heated step by step up to 1000°C
and Raman spectra were taken at the chosen temperatures during the heating in
order to see structural relaxation.

69

IV. Spectroscopic, diffraction and structural aspects – LECTURE

VIBRATIONAL SPECTROSCOPIC INVESTIGATION
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Sepiolite and palygorskite are 2:1 clay minerals with periodically discontinuous
layers which lead to the formation of hydrated tunnels running along their onedimensional particles. Due to their nanostructured texture, both clays have been
studied for their ability to form hybrid materials with organics. The famous preColumbian pigment known as Maya Blue is an example of such a hybrid
nanomaterial with indigo molecules penetrating the tunnels of palygorskite upon
heating [1,2].
Drying the tunnels from zeolitic H2O is a fundamental requirement for the
formation of Maya Blue-type hybrids. This drying is associated with pronounced
vibrational spectral changes which need to be fully understood prior to the structural
characterization of the hybrid [3,4].
In this study we report on the formation and structure of sepiolite-indigo based
hybrids [5] as studied by Attenuated Total Reflectance (ATR) in the mid-infrared
and diffuse reflectance in the near-infrared (NIR).
Similar to their palygorskite-based analogs, no association is observed between
indigo and the external surface of sepiolite particles. Instead, associated indigo
appears to enter the tunnels of sepiolite and impedes their full rehydration upon
exposure to ambient in agreement with previous literature [5,6]. The spectrum of
associated indigo in sepiolite exhibits splitting of several modes and depends on
rehydration or H/D exchange. These changes were not observed in the case of
palygorskite Maya blue [1,2] and are addressed on the basis of structural features
which are specific to sepiolite.
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IN As(Ge)-Se CHALCOGENIDE GLASSES
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Composition, as well as intensity and exposition dependences of optical and/or
surface relief structures recorded by laser beam (535 and 633 nm) on As(Ge) xSe1-x
(0≤x≤0.4) bulk glasses and thin amorphous films were investigated with aim to
establish the role of composition and possible contributions of pure light- and
thermally stimulated effects to the structural transformations and optical/geometrical
surface relief formation processes.
Increased applied interest in micro-nanolithography to the technology of
geometrical and optical patterns enhances basic investigations of stimulated
structural and optical transformations in chalcogenide glasses. In spite of the number
of investigations on selected compositions, mostly from As-Se system, the
compositional dependences of stimulated transformations are not clear, especially
under similar technology and recording conditions. Additionally, thermal effects,
which are usually neglected, can speed up, slow down or change the direction of the
processes and phenomena (recording-erasing, darkening-bleaching, crystallization –
amorphysation, bump or valley formation).
In the present work we compare and analyze the results of spot and periodical
relief recording on the surface of As(Ge)xSe1-x (0≤x≤0.4) glasses and thin
amorphous layers. Such a comparative study which included analyses of optical
transmission and Raman scattering spectra resulted conclusions that heating by the
light can be cross linked with light induced bond braking and switching,
photoplasticity, atomic diffusion in the processes of optical (transmission and
refraction) and geometrical (bumps and valleys) relief formation.
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MÖSSBAUER SPECTROMETRY STUDY OF FERRITIN
NANOPARTICLES
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Besides carbon, oxygen, and nitrogen, numerous other elements and their
compounds are significant in the body of humans and other living beings. Among
them, ion is essential element for fundamental cell functions and catalyst for
chemical reaction. Iron can be found in biological tissues mainly in the form of
ferritin. This primary, iron storage protein is present in the cytoplasma of the cells
and in small amounts in the blood pool. It is one of the major proteins of iron
metabolism. Ferritin creates spherical formations with the size of several
nanometres. The core of ferritin consists of ferrihydrite – 5Fe2O3.9H2O. In excessive
volume of iron in the organism, this is stored in cells in the form of hemosiderin
which is considered to be a proteolytic product of ferritin.
This contribution aims in characterization of chemical states of ferritin
nanoparticles of biological origin. We have studied samples prepared from human
and horse spleen tissues as well as from human brain. 57Fe Mössbauer spectroscopy
was employed as a principal method of investigation in addition to X-ray diffraction,
and transmission electron microscopy.
At room temperature, ferritin nanoparticles exhibit superparamagnetic behaviour
due to their small dimensions. Corresponding Mössbauer spectra show doublet-like
patterns. Consequently, experiments were performed at low temperatures (5 K) that
have enabled to determine the blocking temperature. Dimensions of Fe-containing
species were established from detailed analyses of TEM images.
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SPECTROSCOPIC AND STRUCTURAL CHARACTERIZATION
OF NIOBIUM OXIDE NANOCOLUMN ARRAYS DERIVED FROM
ANODICALLY OXIDIZED AL/NB METAL LAYERS
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Nanostructured niobium oxide (NO) is a promising material for catalytic,
electrochromic, sensing, and electrical/dielectric applications. However, the wellcontrolled fabrication of stable NO nanofilms with the reproducible properties
remains a challenge. In this work, we report on preparation and SEM, XPS, XRD,
and EDX characterization of NO films with the advanced self-organized columnlike
nanostructured morphology via anodic and thermal processing of sputter-deposited
Al/Nb metal layers.
The films are developed via initial growth of a nanoporous alumina layer,
followed by the pore-directed anodizing of the Nb underlayer, following generally
the way described in our early work [1]. The columns may grow 30-150 nm wide,
50 nm – 1 m long, with the population density of 108–1010 cm-2, being anchored to
a continuous thin oxide layer that separates the columns from the substrate. The
column material is mostly Nb2O5 regularly mixed with minor amount of Al2O3, Siand P-containing species in the outmost surface region while the lower oxide layer is
NbO2. The post-anodizing chemical and heat treatments result in the surface
modification and the formation of various crystal phases (Nb2O5, NbO2, NbO), this
being accompanied by the transformation from perfect dielectric to n-type
semiconductor behavior of the films. The smart formation approach allows for the
smooth growth of amorphous and crystalline NO nanostructures without early
dielectric breakdown, stress-generated defects, or destructive dissolution at the
respective interfaces, which is a unique situation in the oxide films on niobium. A
model of nucleation and growth of the NO nanocolumn array involving the
cooperative ionic transport and relevant solid-state reactions at the respective
interfaces is proposed and experimentally justified. The findings help functionalize
the films for potential applications to electric capacitors, chemical sensors, and
optic-electronic devices.
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In this paper, we aim to load TiO2 colloid on the POM microtubes as a composite
photocatalytic material, and examine the catalytic behavior for heterogeneous
photocatalytic oxidation of azo-dye MB under UV irradiation. An enhanced
photocatalytic activity of SiW12-TiO2 microtubes (Fig.1) is expected due to
formation of TiO2 islands on the surfaces of the POM microtubes, and more
importantly, the as-prepared tubular composite photocatalyst will be handled more
easily than colloid POM/TiO2 composites for recycling use [1]. The factors which
influenced catalytic activities of SiW12-TiO2 microtubes for photo-oxidation of MB
by UV-vis spectroscopy, including the quantity of TiO2 supported on the SiW12
microtubes and calcination temperature of SiW12-TiO2 microtubes, have been
examined. The photo-oxidation reaction of MB follows an apparent first order
process, in agreement with a generally observed Langmuir–Hinshelwood kinetics
model [2], for which the constant of reaction rate is K=0.128 min-1.

Fig. 1 (a) Optical micrograph and (b) ESEM images of the SiW 12-TiO2
microtubes.
[1] R. R. Ozer, J. L. Ferry, Environ. Sci. Technol., 35, 3242-3246 ( 2001)
[2] Y. Yang, Q. Wu, Y. Guo, C. Hu, E. Wang, Journal of Molecular Catalysis A: Chemical, 225 203–
212 (2005)
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Nanocarbon materials as graphene, graphene oxides, carbon nanotubes and
carbon nanohorns and nanocones, are widely investigated due to their unique
properties which allow their applications in variety of fields. They have a great
potential for becoming ideal components for adsorbent material and gas sensor and
biosensor devices, in electronic and optoelectronic devices, further in optics,
biomedical engineering, tissue engineering, drug delivery systems, medical implants
and devices and others. Exploration of their surface physics and chemistry belongs
to significant research tasks because they have to be integrated with other materials
in many applications.
Pristine graphene and nanotubes are hydrophobic; they are poorly dispersible in
water requiring surfactants or other stabilizing agents to prevent agglomeration.
Chemical modification or functionalizations allow achieving specific properties and
in addition they decrease their toxic properties. Materials can be functionalized
covalently through hydrophilic functional groups or non-covalently through the
surface π electrons, and hydrophobic or electrostatic interactions. In this contribution
selected covalent and non-covalent functionalizations of multi-wall carbon
nanotubes will be discussed. Functionalized nanotubes were characterized by several
methods (SEM, FTIR, Raman spectroscopy, XRD) to indicate structural changes
and consequently their interactions with selected organic molecules were studied
through adsorption batch tests.
Acknowledgment
This work was supported by the European Regional Development Fund in the
IT4Innovations Centre of Excellence project (CZ.1.05/1.1.00/02.0070), in the ENET
Centre (CZ. 1.05/2.1.00/03.0069) and by the Education Improvement of Museum
Conservation and Restoration and Survey of Historical Materials project, reg. no.
CZ.1.07/2.2.00/28.0273 funded by Operational Programme Education for
Competitiveness, co-financed by ESF and state budget of the Czech Republic.

75

IV. Spectroscopic, diffraction and structural aspects – LECTURE
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As highly flexible compounds in terms of chemical compositions, LDH materials
have been widely studied in the literature in recent years. In particular, the chemistry
of the interlayer region endows these materials with many interesting properties
which allow their use for numerous applications such as anionic exchange resins,
sensors or biosensors, drug delivery systems and more recently as filler in polymers.
Owing to the low crystallinity of hybrid LDHs, establishing the structureproperty relationship for these materials is not an easy task. Indeed, these materials
contain many defects attributed to mismatches in the geometry/charge density of the
host layers and guest anions, preventing an ideal packing of the slabs and also
inhibiting crystal growth. Yet, the structure-property control is essential if one wants
to tailor and fine-tune properties (optical, thermal, chemical) in very broad ranges
and to design advanced hybrid LDH for specific applications.
Both experimental and theoretical approaches have been developed in our
research group for investigating LDH structure and microstructure and their
influence on properties [1, 2, 3]. Traditional crystallographic methods provide
depictions of structure that are most sensitive either to short-range order (X-ray
absorption) or long-range periodicity (X-ray diffraction or electron
diffraction).Recently, we have been investigated pair distribution function (PDF)
analysis using high-energy X-ray total diffraction to probe LDH structure. In
addition to the Bragg peaks, information contained in the diffuse scattering of the Xray diffraction patterns are particularly valuable when dealing with disordered
materials such as LDH. The interest of PDF in describing the local structure of LDH
will be discussed through two studies we have been conducting:
Insights into the role of the structural (2H1 versus 3R1 polytype) and
microstructural (coherent domains) parameters in determining the electrochemical
properties of Ni2Al−CO3 LDHs as alkaline secondary batteries materials [4].
Investigation of the distribution of CoII and CoIII cations its modification during
electrochemical treatment in monometallic CoIICoIII-CO3 LDH as a super capacitor
materials [5].
[1] C. Taviot-Guého, Y.J. Feng, A. Faour, F. Leroux Dalton. Trans., 39, 5994-6005 (2010)
[2] J. Pisson, N. Morel-Desrosiers, J.P. Morel, A. de Roy, F. Leroux, C. Taviot-Guého, P. Malfreyt
Chem. Mater., 23,1482–1490 (2011)
[3] L. Aimoz, C. Taviot-Guého, S. V. Churakov, M. Chukalina, R. Dähn, E. Curti, P. Bordet, M. Vespa
J. Phys. Chem. C, 116, 5460–5475 (2012).
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Metallic nanorods exhibit two kinds of plasmon resonances in the different
wavelength region and have been attracted much attention toward applications for
censing materials. A seed-mediated growth is one of the preparation methods of
metallic nanorods in a liquid phase. In this method, the Au nanorods are grown from
seed crystals of Au nanoparticles by reduction in a concentration-controlled mixed
solution consisting of cetyl-trimethyl-ammonium bromide (CTAB), HAuCl4 and
AgNO3. In the present study, the researches on the structure of Au nanorods
prepared by the seed-mediated growth method and the mechanisms of the aspect
ratio control have been carried out, particularly from the viewpoint of the role of
Ag+ ions, by photoemission spectroscopy (PES).
The result of no remarkble charge transfer in Au atoms in nanorods by core-level
PES reveals no bond formation with Br atoms which have large electron affinity in
CTAB molecles and additionally no absorption on the top surface in the bilayeredCTAB-passivated Au nanorods. Those facts suggest that the Ag atoms are
sandwiched between Au nanorod and CTAB molecles, and all the Ag atoms form
the chemical bonds with Br atoms in CTAB molecles or with Au atoms in nanorods
because of the charge transfers in all the Ag atoms. It was evident that the Ag atoms
form a bilayer film in the nanorods.
The mechanisms of the aspect ratio
control by Ag+ ion concentration in the
solution are closely related to the
formation of a homogenious bilayer Ag
film in the nanorod. As shown in Fig. 1, all
the nanorods start to grow simultaneously
with absorptions of an Ag bilayer film and
bilayered CTAB molecules during the
growth process from a seed Au
nanoparticle to a nanorod. When Ag+ ions
in the solution have been reacted
completely for the formation of nanorods,
the growth of nanorods will stop
simultaneously. Consequently, the aspect
Fig. 1. Schematic illustrations of
ratio becomes almost same in all the
nanorods, and increases with increasing a bilayered CTAB- passivated Au
nanorod and its surface structure.
Ag+ ion concentration in the solution.
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The crystal growth taking place in highly viscous chalcogenide supercooled
liquids is interesting both from scientific and technological point of view. A great
distinction between crystalline and amorphous phase monitored by their reflectivity
or conductivity in these materials may be used in construction of large capacity data
storage media such as non-volatile PCRAMs or DVDs and BluRay discs [1].
The crystal growth data obtained by optical and infrared microscopy for various
chalcogenide glass-forming systems such as pure Se, Ge-S and Ge-Sb-S are
presented. The morphology of growing crystals is dependent both on temperature
and time and it is determined by liquid composition and extent of supercooling.
However, within the limits of experimental errors the length of crystals grown in
supercooled liquid increases linearly with time at each temperature which suggests
crystal growth controlled by interface kinetics.
The crystal growth data are combined with previously published viscosity data
for these systems [2,3,4] and discussed in terms of standard models of crystal
growth. Usual assumption of Stokes-Einstein relation and its validity in deeply
supercooled liquids is questioned. It is discussed in terms of fragility-dependent
decoupling of crystal growth kinetics from viscosity suggested by Ediger et al. [5].
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This paper reports the visual observations of the formation and growth of ionic
semiclathrate hydrate crystals on the surface of a liquid droplet of tetrabutyl
ammnonium bromide (TBAB) aqueous solution exposed to CO2 gas. The
experimental thermodynamic conditions are (i) the temperature from 286 to 290 K at
wTBAB = 0.40 and (ii) 280 to 288 K at wTBAB = 0.10, under the common pressure
of 2.3 MPa, where wTBAB denotes the mass fraction of TBAB in the aqueous
solution. The lower limit of the temperature was set to avoid the formation of simple
TBAB hydrate containing no CO2. The hydrate crystals were initially formed not at
the gas/liquid interface but in the liquid phase. Then the hydrate grew to form a
polycrystalline layer covering the droplet only at wTBAB = 0.40. We visually
observed the individual crystals that constitute the polycrystalline hydrate layer and
classified the morphology according to the system subcooling ΔTsub. ΔTsub is
defined as follows, ΔTsub ≡ Teq − Tex where Teq is the equilibrium temperature
and Tex is the system temperature. In each ΔTsub at wTBAB = 0.40, hydrate
crystals with step-shaped and thin polygonal-shaped morphologies were observed.
The difference in the size of the individual hydrate crystals due to the difference in
ΔTsub was not observed.

Summary of crystal growth observation. P = 2.3 MPa, ΔTsub = 2.04.0 K
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CRYSTALLIZATION KINETICS IN Se-Te THIN FILMS
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Selenium-tellurium mixtures are very interesting materials with numerous
potential applications. The Se-Te system forms completely miscible solids solutions
with an intermediate behavior between pure selenium and pure tellurium [1, 2]. The
Se-Te materials are also interesting from structural point of view. It seems that
glasses of the Se-Te systems contain mixtures of Se-Te chains and rings where the
Te atoms seem to be distributed randomly within the Se chains [3, 4].
Isothermal crystallization kinetics in thin films of Se90Te10 and Se80Te20 was
studied by in-situ XRD. The crystallization kinetics was described by the JohnsonMehl-Avrami nucleation-growth model [5-7]. The Avrami exponents were
calculated and correspond well with the Avrami exponents calculated from DSC
experiments for very fine powders [8]. The estimated activation energies are close to
the activation energies of crystal growth evaluated from microscopic measurements
of crystal growth.
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The motivation of research has been to compare selected aspects of three groups
(nanocomposite – cx1, cx2, microhybrid – xrv, hfo, flowable – fl1, fl2) of dental
filling materials. Following the simulation of dental restoration process the probes
have been analyzed by methods of simultaneous thermal analysis – TG, DTG and
DTA, using the device sdt 2960 of T. A. Instruments. Specifically; a) Tg values as
the sign of the start of degradation, reported also in [1] and b) onset points of DTA
exoefects in the relevant temperature intervals, cf. in Table, and comparison of both
sets of data will be reported.
Table: Comparison of the values of (a) Tg and (b) onset points
a)

b)

series
Probe
cx1
cx2
xrv
hfo
fl1
fl2

I

II

Tg / °C
245,93
250,66
237,67
244,02
226,33
227,64
203,01
208,89
156,26
154,6
154,3
155,01

Probe
cx1
cx2
xrv
hfo
fl1
fl2

series
I
II
Onset point / °C
252,8
254,62
244,54
250,23
223,67
231,09
206,4
218,71
157,23
145,25
155
147,67

The differences of values of Tg and onset points in individual probes are
negligible, thus, any of these parameters can be used to evaluate the thermal stability
of the fillings. Flowable filling material is under the thermal exposition less stable
than two other tested sets (nanocomposites, microhybrids). Also the other data on
TG and DTA curves confirm these conclusions. Temperature intervals of the
initiation and start of degradation, as indicated by values of Tg and/or onset points,
are in general [1] due to both sufficient degree of polymerization interactions and
compaction of particles in the matrix of the filling material. The probes are stable
upto indicated intervals resp., these are far over the levels of physiological
temperature. Thus, the appropriateness of each type of tested filling for the use in
dental restoration processes is obvious.

[1] S. Sampath, S.R. Girish, Journal of Thermal Analysis & Calorimetry, 111, 219-225 (2013)
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Oxygen nonstoichiometry () in LaCoO3--based perovskite oxides plays an
important role in the ability of the oxides to catalyze partial oxidation of methane
into longer-chain hydrocarbons. Common method to measure the oxygen
nonstoichiometry is Temperature Program Reduction (TPR) [1]. Thermogravimetric
Analysis (TGA) method has a similar principle to TPR, but it works on the basis of
gravimetric principles compare to volumetric in TPR.
This paper reports the use of TGA as a simple method to determine the oxygen
nonstoichimetry in La0.7Sr0.3Co1-xFexO3- (LSCF) where 0.0≤x≤0.5. The TGA was
operated under controlled atmosphere in two stages. In the first stage, the LSCF was
heated from room temperature to 900 oC and held at the highest temperature for 10
minutes in air. After the oxidation, the temperature of TGA was allowed to cool
down to 130 oC and then the atmosphere was changed into reducing atmosphere (5%
CH4 in Argon) to start the second stage. The temperature was raised again to 1024
o
C to reduce all the reducible oxygen from the LSCF. The oxygen nonstoichiometry
was calculated from mass different between the oxygen saturated-LSCF and the
oxides after reduction. It was found that only Co and Fe in LSCF were reduced to
their lower oxidation state and the oxygen nonstoichiometry vary between 0.064 and
0.111. Oxygen nonstoichiometry in LSCF increases as less Co3+ was substituted by
Fe3+. The variation of the oxygen nonstoichiometry is similar to report by Scott et al.
[2].

[1] H. J. Wei, Y. Cao, W. J. Ji, C. T. Au, Catalyst Communication, 9, 2509-2514 (2008)
[2] S. P. Scott, D. Mantzavinos, A. Hartley, M. Sahibzada, I. S. Metcalfe, Solid State Ionics, 152-153,
777-781 (2002)
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CONFIGURONS AND VISCOSTITY
OF 15(Na2O, K2O)·10(CaO, ZnO)·75(ZrO2, SiO2) GLASSES
M. Liška1*, J. Macháček2, M. Chromčíková1, O. Gedeon2
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The viscosity of 15(Na2O, K2O)·10(CaO, ZnO)·75(ZrO2, SiO2) glasses was
studied. The temperature dependence of viscosity was described by the Vogel
Fulcher Tammann viscosity equation in our previous work [1]. In the present work
the Ojovan’s configuron viscosity equation [2-4] was used for the viscosity
temperature dependence. The thermodynamic parameters of configurons –
elementary excitations resulting from broken bonds in amorphous materials – were
evaluated from regression estimates of the parameters of the Ojovan’s viscosity
equation.
Special attention was paid to the nonlinear regression analysis procedure based
on the minimization of the sum of square between the measured and calculated
viscosity / log-viscosity values. The genetic algorithm had to be used to find the true
minimum of the target function. Moreover the detailed statistical analysis pointed
out the strong correlation between the parameters of the viscosity equation. This
phenomenon was emphasized namely in the case when log-viscosity values were
used for the sum of squares construction. Therefore the viscosity values were used
for the target function evaluation with specifically designed weighting to
compensate the ten decades span of experimental viscosity values.
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[2] M.I. Ojovan, Phys. Chem. Glasses: Eur. J. Glass Sci. Technol. B, 53, 143-150 (2012)
[3] M.I. Ojovan, Entropy, 10, 334-364 (2008)
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CRYSTALLIZATION KINETICS OF ZINC BROMOANTIMONITE
GLASSES
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In this study the crystallization kinetics of zinc Bromoroantimonite glasses in the
(1-x)Sb2O3-xZnBr2 (where x = 0.10, 0.20, 30, 0.4, 0.5, 0,7 in molar ratio) system
was investigated. Whereas the 0.6Sb2O3-0.4ZnBr2 and 0.5Sb2O3-0.5ZnBr2 glasses
show no exothermic peaks, an indication of no crystallization in their glassy
matrices, a single exotherm is observed in the DSC scan beyond glass transition
temperature Tg of 0.9Sb2O3-0.1ZnBr2, 0.8Sb2O3-0.2ZnBr2, 0.7Sb2O3-0.3ZnBr2 and
0.3Sb2O3-0.7ZnBr2 which ensures the applicability of the Mehl-Johnson-AvramiKolmogorov relations. The kinetic parameters, activation energy for crystallization
(Ea) and Avrami exponent (n), were evaluated under non-isothermal conditions
using the results obtained by differential scanning analysis (DSC) performed at
different heating rates. Crystallizing phases and microstructural morphology for
each composition were characterized by XRD and SEM. On the basis of XRD
measurements, Sb2O3, ZnSb2O4, ZnBr2 et Zn7Sb2O12 phases were detected. The
Zn7Sb2O12 phase is present in all three glasses, due to the fact that this phase arises
because of a phase separation melting of the glass. SEM micrographs taken from the
0.9Sb2O3-0.1ZnBr2, 0.8Sb2O3-0.2ZnBr2 and 0.7Sb2O3-0.3ZnBr2 glasses heated to
450◦C revealed the evidence of bulk massive crystallization resulting in octahedron
microcrystals. On the other hand, SEM investigations of the 0.3Sb2O3-0.7ZnBr2
glass heated to 450◦C showed that lamellar crystals were formed as a result of
surface crystallization. Non- isothermal measurements give access to the values of
Avrami exponent n and activation energy Ea. Ea lies between 205 to 360 kJ/mol and
increases as zinc bromide content increases. Exponent n also increases with ZnBr2
concentration: it ranges from 1.1 to 2.8. These results are consistent with the
stability factors based on characteristic temperatures and confirm that the 0.3Sb 2O30.7ZnBr2 glass is the more stable.
[1] M. Legouera, M. Poulain, M. Poulain, Chem. Phys. Solids, 65, 901-905 (2004)
[2] A.A.S. Lopes et al., Journal of Alloys and Compounds, 591, 268-274 (2014)
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AN EXPERIMENTAL ATTEMPT TO INCREASE MOLECULAR
OZONE IN A CLATHRATE HYDRATE
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Ozone storage capacity XO3, Hyd mass%

This paper reports an experimental attempt to further increase the ozone storage
capacity in a clathrate hydrate and to better understand the correlation between
ozone concentration in a gas phase YO3,vapor and the ozone storage capacity in the
formed hydrate XO3,Hyd. Hydrate formation experiments were performed in hydrateforming O3 + O2 + CO2 + H2O system at the pressure of 3.0 MPa, the temperature of
272 K and the mole fraction of O3 + O2 in the feed gas, yO3+O2,feed  0.4, 0.5, 0.6.
During the hydrate formation experiments, YO3,vapor was continually monitored.
YO3,vapor decreases during the hydrate forming process by the uptake of ozone into the
hydrate and self-decomposition of ozone. It is
2.5
necessary to take the decrease of YO3,vapor into
y
account to accurately evaluate the correlation
2.0
 0.4 □
between YO3,vapor and XO3,Hyd. Based on the
 0.5 ○
experimental data of chronological change in the
 0.6 
gas-phase ozone concentration, we defined ‘an 1.5
average ozone concentration in the gas phase
YO3,vapor,ave’ to characterize YO3,vapor corresponding
1.0
to the hydrate forming process.
Fig. 1 shows the ozone storage capacity in the
formed hydrate XO3,Hyd versus the average ozone
0.5
0.75
1.0
1.25
1.5
concentration in the gas phase YO3,vapor,ave. The
Ozone concentration Y
mol%
highest ozone storage capacity in the hydrate was 2.15 mass%, which is higher than
the highest record ever reported 0.91 mass% [1]. The experimental results show a
positive correlation between ozone concentration in the gas phase and ozone storage
capacity in the formed hydrate.
O3+O2, feed

O3, vapor, ave

Fig. 1 The ozone storage capacity in the formed hydrate versus the average ozone
concentration in the gas phase. These data were characterized by O3 + O2 mole
fraction. The error bar for each data point represents the uncertainty of the ozone
storage capacity in the formed hydrate measured by iodometry.
[1] T. Nakajima, T. Kudo, R. Ohmura, S. Takeya, PLOS ONE, 11, 7 (2012)
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HIGH TEMPERATURE OXIDATION OF BORIDED STEEL
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L. Rízeková Trnková, M. Hudáková
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Boriding (boronizing) is a surface hardening method of diffusing boron into
metal substrate at high temperatures, typically 700 – 1000 °C. During this process,
boron atoms diffuse into the substrate and form a distinct metal boride layer on the
surface. The resulting boride layers have a high hardness, low friction and good
wear-, heat- and corrosion resistance. Industrial applications include valves,
compressor wheels, drive shafts, camshafts, pulleys, etc.
In this work, a plain, low carbon steel S235JRG1 was boronized for 45 – 150 min
at 1000 °C by using a Durborid® powder. The microstructure and phase constitution
of the resulting boride layers have been studied by a combination of X-ray
diffraction and optical microscopy. The boride layer has a distinct tooth-like
structure. It is composed of two iron borides, Fe2B and FeB, in unequal amounts.
The boride layer thermal stability has been investigated by a simultaneous thermal
analysis. The mass gain of the samples was recorded at 600 – 900 °C for 1-20 h in
flowing synthetic air. A parabolic rate law has been observed. Oxidation
mechanisms of boride layers are discussed and implications towards high
temperature stability of borided steel parts are provided.
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STUDY OF CRYSTALLIZATION PROCESS IN GexS1-x GLASSES
BY OPTICAL MICROSCOPY
V. Podzemná*, J. Málek
University of Pardubice, Department of Physical Chemistry, Studentská 573, 532 10
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Germanium chalcogenide glasses show several remarkable features. These
properties such as high refractive index and wide transmission region of light from
visible to IR are widely utilized for example in manufacturing optical waveguides of
high transparency in the infrared window, they are used as host materials of rare
earth ions for photonic applications and for more others [1-2]. Usually, the
investigation of these materials is focused on indirect monitoring of their specific
property changes. However, direct measurement of the crystallization process is
also possible and optical microscopy presents a very useful technique for this
purpose.
In this study, the crystal growth of GeS2 in Ge-S based glasses was investigated
using optical microscopy. Based on our results, the crystal growth rate as a slope of
crystal diameter time dependence was found to be linearly increasing and this is
suggesting interface controlled growth.
Kinetics parameters such as activation energy of crystal growth, growth
mechanism and growth rate maximum versus temperature estimated from measured
crystal diameter data will be discussed in this contribution.
Acknowledgement
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THERMAL BEHAVIOUR AND PHASE COMPOSITIONS
OF GLASSES AND POLYCRYSTALINE MATERIALS IN
THE SYSTEM Y2O3-Al2O3
A.Prnová1*, K.Bodišová2, R. Klement1, E. Bruneel3, I. Van Driessche3,
D. Galusek1
VitrumLaugaricio – Joint Glass Center of the IIC SAS, TnU AD, and FCHFT STU,
Študentská 2, SK-911 50 Trenčín, Slovak Republic
2
Faculty of Chemical and Food Technology, Slovak University of Technology;
Radlinského 9, SK-812 37 Bratislava, Slovak Republic
3
Department of Inorganic and Physical Chemistry, Gent University,Krijgslaan
281 (53), 9000 Gent, Belgium
* The corresponding author’s e-mail: anna.prnova@tnuni.sk
1

Keywords:yttrium-aluminate glasses, thermal behavior
The flame synthesis of glass microspheres and subsequent HP sintering is one of
the possibilities for preparation of yttrium-aluminate glasses with high alumina
content in bulk or in the form of small pieces [1]. This work deals with preparation
and study of thermal behavior of two types of glasses A60Y40 (76,8 mol.% Al 2O3,
23,2 mol.% Y2O3) and YAG0.5S(62,6 mol.% Al2O3, 35,1 mol.% Y2O3, 0,5 mol%
SiO2). The eutectic composition A60Y40 was selected due to good glass forming
ability and YAG (yttrium-aluminium garnet) composition was selected in order to
verify the glass forming ability of this particular composition. SiO2 was chosen as a
sintering and glass forming additive. Both compositions were prepared by
combination of sol-gel Pechini method [2] and flame synthesis. For comparison,
A60Y40 and YAG0.5S solutions prepared by Pechini method were processed using
spray-drying to form powder particles with diameter of about 1μm. The systems
prepared by the two different processing routes were studied by SEM, XRD, HT
XRD, and DSC. Based on the results of DSC and HT XRD, isothermal
crystallization experiments and HP experiments at temperatures 850, 920°C
(A60Y40) and 915°C (YAG0.5S) and with different holding times (20, 120 and 240
min) were carried out. The crystallized and sintered materials were studied by SEM,
SEM EDX and XRD. The method of standard addition was used for quantification
of the individual crystalline phases in the prepared systems. According to the
obtained results, in all samples, except of the A60Y40 treated at 850 °C, only
crystallization of pure YAG was observed. The content of YAG increased
proportionally with time. The highest crystallization rate in YAG0.5Si samples at
temperature 915 °C was observed.
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OXYGEN CONTENT, THERMODYNAMIC STABILITY AND
ELECTRICAL PROPERTIES OF YBaCo4O7±δ
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Complex oxides with chemical formula LnBaCo4O7+d (Ln=Y and rare-earth
ions), a new class of geometrically frustrated magnets, have attracted a lot of
attention in the recent years due to interesting magnetic properties and large capacity
for reversible oxygen absorption and desorption in the temperature range 240-450
°C, which makes these materials suitable for cathodes of high- and intermediate–
temperature solid oxide fuel cells, oxygen membranes, magnetoresistors, emission
cathodes for CO2-lasers, catalysts for oxidation of hydrocarbons and exhaust gases,
etc.
However, the main disadvantage of LnBaCo4O7 materials is instability of their
hexagonal crystal structure within the intermediate temperature range 600-770 °C
[2]. Hence knowledge of the thermodynamic stability limits of YBaCo4O7 type
oxides is of key importance. On the other hand, no reliable data are available in
literature on oxygen nonstoichiometry, overall conductivity and thermo-emf of
thermodynamically stable YBaCo4O7 type oxides.
Therefore the priority purposes of the present work were (i) to determine limits
of the thermodynamic stability of layered oxide YBaCo4O7 depending on oxygen
partial pressure and, (ii) to measure its oxygen nonstoichiometry, overall
conductivity and thermo-emf of thermodynamically stable YBaCo4O7 as functions
of oxygen partial pressure at selected temperature.
As a result YBaCo4O7±δ was found to be thermodynamically stable in air at
T>900 °C whereas its thermodynamic stability at 950 °C is limited by the range of
oxygen partial pressures -5.05≤log(pO2/atm)≤-0.58. Oxygen content in YBaCo4O7±δ
at 950 °C slightly decreases from 6.825 in air to 6.785 in the atmosphere with
log(pO2/atm)=-5.05. YBaCo4O7±δ decomposes into the mixture of YCoO3  ,
BaCoO3  and Co3O4 at 950 °C in atmosphere with log(pO2/atm)>-0.58 whereas in
atmosphere with log(pO2/atm)<-5.05 Y2BaCoO5, BaCoO2 and CoO were identified
as the products of YBaCo4O7±δ decomposition. Total conductivity increase with pO2
growth and positive sign of thermo-EMF indicate in favor of electron holes as
predominant charge carriers in YBaCo4O7±δ.
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ACTIVATION VOLUMES FOR SOLID-SOLID TRANSFORMATION
IN (NH4)4H2(SeO4)3 BELOW SUPERIONIC PHASE TRANSITION
M. Zdanowska-Frączek1*, Ł. Lindner1, Z. Czapla2, Z.J. Frączek1
1

Institute of Molecular Physics, Polish Academy of Sciences,. Smoluchowskiego 17,
60-179 Poznań, Poland
2
Institute of Experimental Physics, University of Wroclaw, M. Borna 9,50-204
Wrocław, Poland
* The corresponding author’s e-mail: mzf@ifmpan.poznan.pl
Keywords: pressure, electrical conductivity; activation volume, kinetics
In this contribution the kinetics study results of the pressure induced
transformation to superionic phase in (NH4)4H2(SeO4)3 proton conductor are
presented. The crystal undergoes to the superionic phase transition at T s = 378 K [3].
The transition is accompanied by an increase in the conductivity by 3 orders of
magnitude and a huge temperature hysteresis (32 K). Above Ts the single crystal
transforms to polycrystalline state, conductivity is isotropic with very low activation
energy equal to Ea=0,11eV [1-3]. When the crystal is cooled from highly disordered
superprotonic phase to low temperature phase the order characteristic of lowtemperature phase has to be recovered [4].
The impedance spectroscopy studies of electrical conductivity versus time were
performed in the (NH4)4H2(SeO4)3 single crystal at different values of pressure up to
400 MPa and at temperatures : T=347.3 K and 352.3 K. It was found that
conductivity value increases when 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 pressure 302 MPa and temperature T=352.3 K. It has been
established that the kinetics of this transformation can be described by the Avrami
model with the effective Avrami index value about 4 which corresponds to the
classical value associated with the homogeneous nucleation and three-dimensional
growth of a new phase.
Acknowledgment
This work was supported by the funds for science in Poland as a research project
N N202 368 139.
[1] A.J. Kruglik, M.A.Simonov, Kristallografija, 22, 1083 (1977)
[2] A. Pawłowski, A.Haznar, J.Solid State Chem, 160, 189 (2001)
[3] Cz. Pawlaczyk, F.E. Salman, A. Pawłowski, Z. Czapla, A.Pietraszko, Phase Transitions 8, 9 (1986)
[4] B. Hilczer, M. Połomska, A. Pawłowski, Solid State Ionics 125, 163 (1999)

90

V. Thermochemical, thermodynamic and kinetic aspects –LECTURE

CHEMICAL EXPANSION OF PEROVSKITE-TYPE MIXED IONIC
AND ELECTRONIC CONDUCTING MATERIALS
A.Yu. Zuev*, V.V. Sereda, D.S. Tsvetkov
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* The corresponding author’s e-mail: andrey.zuev@urfu.ru
Keywords: perovskite, chemical expansion, nonstoichiometry, defect structure
Perovskites and double perovskites based upon substituted oxides LnBO3-δ and
LnBaB2O6-δ, respectively, where Ln=lanthonoid, B=3d-transition metal, are the
state-of-the-art materials for a variety of different devices for moderate high
temperature applications such as solid oxide fuel cells (SOFCs) and mixed ionic and
electronic conducting (MIEC) membranes. The unique feature of the oxides is their
ability to undergo both thermal expansion and that induced by the defects of oxygen
nonstoichiometry in the oxide lattice. The latter is chemical or defect-induced
expansion. Recently [1,2] we have evolved the chemical expansion model based on
the relative change of the mean ionic radius and showed that the chemical expansion
of undoped LaCoO3-δ and LaMnO3-δ observed on oxygen deficiency growth is solely
caused by this reason. However, the question on the nature of chemical expansion in
other MIEC oxides with wider oxygen nonstoichiometry domains still remains open.
It is worth to note that reliable data on the defect structure of oxide materials is of
key importance for understanding the origin of their chemically induced lattice
strain. The refinement of defect structure of the selected oxides La 1-xSrxFe1-yByO3-δ
(B=Co or Ni; x= 0.2, 0.3; y=0.1) and PrBaCo2O6-δ by means of the quantitative
modeling on the basis of the measured oxygen nonstoichiometry was, therefore, the
first priority purpose of the present study. The second one was to explain the
chemical expansion of MIEC oxides studied on the basis of relative change of the
mean ionic radius.
As a result isothermal defect-induced expansion of La1-xSrxFe1-yByO3-δ (B=Co or
Ni; x= 0.2, 0.3; y=0.1) was evaluated as normalized change of average ionic radius
using concentrations of ionic species calculated on the basis of the defect structure
model proposed. The results of such calculations coincides completely with
experimental data on chemical expansion for the cubic perovskites La1-xSrxFe1yByO3-δ (B=Co or Ni; x= 0.2, 0.3; y=0.1). On the contrary, chemical expansion of the
double perovskite PrBaCo2O6-δ along a axis and contraction along c axis were found
to compensate each other completely in the double perovskite and, therefore, its
volume (overall) chemical expansion becomes negligible. As a result the cell
volume linearly increases with temperature in air contrary to simple cubic
perovskites such as La1-xSrxFe1-yByO3-δ (B=Co or Ni; x= 0.2, 0.3; y=0.1).
This work was supported by the Centers of Excellence Program at Ural Federal
University, Russia.
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The necessity to develop efficient and accurate methods to correct total energies
of molecules and solids calculated using density functional theory (DFT) for the
effects of van der Waals (vdW) interactions has stimulated attempts at different
levels of theory, ranging from additive dispersion corrections based on empirical
pair-potentials over approximate non-local vdW functionals to quantum many-body
calculations. The method proposed by Tkatchenko and Scheffler [1] (TS) is based
on the atoms-in-molecules (AIM) approach and represents an attempt to determine
dispersion coefficients for atoms using computationally inexpensive analysis of allelectron interacting densities. Specifically, the atomic polarizabilities and the
dispersion coefficients used in calculations of vdW energy are scaled according to
the ratio of the Hirshfeld volumes [2] occupied by the atoms in the molecule (or
solid) and in the free atom. The TS method has proven to be successful in number of
practical applications including structural optimizations of molecular crystals and
layered materials [3]. However, there is important class of materials – namely ionic
solids – for which this method fails. In this contribution, we will analyze the reasons
for this failure of the TS method and suggest solution that extends applicability of
the method to ionic compounds and materials with mixed interaction types. The
performance of the improved TS method [4] will be demonstrated on selected realworld problems from the field of materials science and theoretical catalysis.
[1] A. Tkatchenko, M. Scheffler, Phys. Rev. Lett. 102, 073005 (2009)
[2] F. Hirshfeld, Theor. Chim. Acta. 44 129-138 (1977)
[3] T. Bucko, S. Lebegue, J. Hafner, J. G. Angyan, Phys. Rev. B 87, 064110 (2013)
[4] T. Bucko, S. Lebegue, J. Hafner, J. G. Angyan, J. Chem. Theory Comput. 9, 4293-4299 (2013)
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In this talk I will present some recent results related to surface morphology of
carbonates, as well as their behaviors under water and pressure effects. The hydrous
phases are of considerable interest for their role as precursors to stable carbonate
minerals. I will present a detailed recent results concerning structural and energetic
stability of dry and hydrous surfaces of calcium carbonate polymorphs using two
recently developed forcefields. In particular, I will show the mechanical
characteristics of dry forms of calcium carbonate and hydrous phases. In addition I
will talk about the stability of (001) and ( ̅ ) surfaces of monohydro-calcite, and
the (001) surface of ikaite. At the end I will show and discuss the computed
morphology pictures obtained from MD simulation and compared to observed SEM
images. In addition further recent studies will be shown regarding the interface
between clay and carbonate surfaces under anisotropic constrains as well as shear
stress. Various mechanical properties will be presented with and without the
presence of the water at the interface.
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TOWARDS THE MODELING OF CdSe NANOPARTICLES: A DFT
PROTOCOL OPTIMIZED ON CdSe BULK AND SURFACE
PROPERTIES
A. Szemjonov, T. Pauporté, I. Ciofini, F. Labat*
Institut de Recherche de Chimie Paris, CNRS–Chimie ParisTech, 11 rue Pierre et
Marie Curie, 75005 Paris, France
* The corresponding author’s e-mail: frederic.labat@chimie-paristech.fr
Keywords: DFT, Quantum-dots, CdSe
With the decrease of available fossil energy sources and considering their
damaging impact on the environment, more and more effort is invested in the
research of alternative, environmentally friendly and renewable energy sources.
Solar energy has emerged as a potential candidate for sustainable energy production,
but to make it a widespread energy source, its scalability, cost and conversion
efficiency issues need to be addressed.
In the last few years, quantum dots (QDs) as light harvesters in solar cells have
gained marked attention, mainly due to their tunable absorption spectrum [1] and to
the possibility of breaking the Shockley-Queisser efficiency limit of p-n junction
photovoltaic cells [2]. In a quantum dot sensitized solar cell (QDSC), upon
illumination, an electron from the valence band (VB) of QDs is excited to its
conduction band (CB), from which it is injected to the CB of a wide band gap
semiconductor (typically TiO2, ZnO or SnO2). Despite their encouraging properties
and the great amount of research effort invested in developing QDSCs, their
efficiency is still around 5% [4], far from the 33% of the Shockley-Queisser limit
[2], and from the 11,9% record of dye-sensitized solar cells (DSSCs) [5], the
concept of which inspired QDSCs.
Since an accurate description of the electronic properties of QDs is essential in
order to understand charge transfer processes in QDSCs and the key factors
governing their efficiency, efficient computational tools that could predict which are
the best performing materials and assemblies would save a significant amount of
time and effort at the experimental level.
A comprehensive periodic density functional theory investigation of CdSe based
on Gaussian-type orbital basis sets has been carried out, investigating the geometric
and electronic properties of both bulk crystals (in the wurtzite and zinc blende
forms), and two important low-index surfaces: non polar wurtzite (10-10) and polar
zinc blende (100), considering different functionalizing species. The proposed
computational protocol, based on an hybrid exchange-correlation functional, is
accurate to model not only bulk crystals but also surfaces, thus providing a powerful
theoretical tool to simulate the light harvesting components of quantum dot
sensitized solar cells.
[1] T. Takagahara et al., Phys. Rev. B, 46, 15578–15581 (1992)
[2] W. Shockley et al., J. Appl. Phys., 32, 510-519 (1961)
[3] A.G. Midgett et al., Nano Lett., 13, 3078-3085 (2013)
[4] P.V. Kamat, J. Phys. Chem. Lett., 4, 908–918 (2013)
[5] M.A. Green et al., Prog. Photovoltaics, 22, 1–9 (2014)
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MOLECULAR ISING-SPINS AS A WORKING TOOL FOR
POLYNUCLEAR SPIN CROSSOVER SYSTEMS
J. Pavlik1*, R. Boča2
1 Institute of Inorganic Chemistry, Technology and Materials, Slovak University of
Technology, Radlinského 9, 812 37 Bratislava
2 Department of Chemistry, University of SS Cyril and Methodius, Nám. J. Herdu 2,
917 01 Trnava
* The corresponding author’s e-mail: jan.pavlik@stuba.sk
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The modelling of the thermodynamics of the spin crossover systems (SCO) is as
a rule based on the so-called Ising-like model [1, 2]. We introduced the molecular
Ising spins in the fashion similar to the coupling of the “ordinary” spins. This
approach provides more natural and in some cases very advantageous starting point
for capture of the thermodynamic properties of bigger spin crossover systems. The
easiest case of a symmetric binuclear system with magnetic exchange and
cooperativeness interaction treated in the mean-field approach was deeply studied
elsewhere and it was employed for interpretation of some peculiar systems (Fig.1)
[3]. Here we present first results on the model for symmetric binuclear SCO systems
arranged in the chain which is exactly solvable.

Fig. 1: The structure of studied system 1 [4] (left) and fitted magnetic
susceptibility products of some studied systems; symbols: experimental points, solid
line: theory (right).
Acknowledgement
We are grateful to the Slovak grant agencies for financial support (VEGA
1/0522/14 and APVV-0014-11).
[1] A. Bousseksou, F. Varret and J. Nasser, J.Phys I., 3, 1463-1473 (1993)
[2] R. Herchel, R. Boča, M. Gembický, J. Kožíšek and F. Renz, Inorg. Chem., 43, 4103-4105 (2004)
[3] J. Pavlik, W. Nicolazzi, G. Molnár, R. Boča and A. Bousseksou, Eur. Phys. J. B, 86, 292-307
(2013)
[4] J. A. Real, I Castro, A. Bousseksou, M. Verdaguer, R. Burriel, M. Castro, J. Linares and F. Varret,
Inorg. Chem., 36, 455-463 (1997)
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DESIGNER DOPING OF TiO2 FOR ENHANCED FUNCTIONALITY
UNDER REMARKABLY WIDENED SOLAR SPECTRAL RANGE
G. Shao1*, X.P. Han1, M.L. Guo1, L. Lu1, X.H. Xia1,2, Q.R. Deng1
IREET – Institute for Renewable Energy and Environmental Technologies,
University of Bolton, Bolton BL3 5AB
2
School of Materials Science and Engineering, Hubei University, Wuhan, China
* The corresponding author’s e-mail: G.Shao@bolton.ac.uk
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TiO2 is a most studied wide gap metal oxide owing to its great potential as a
multifunctional material that can be used for environmental technologies covering
photo-catalysis, environmental sensing and active material for solar energy harvest.
However, most of such functionality is limited within the ultraviolet solar spectral
region, due to its rather wide energy gap. It is therefore desirable to induce
significant reduction of the energy gap of TiO2 through the incorporation of suitable
impurity species into the host lattices, for which fundamental materials modelling
has a particularly important role to play, so as to enable cost effective delivery of
remarkably extended materials functionalities. Here we demonstrate through case
studies the achievement in achieving gigantic red shift in the optical gap of
doped/alloyed TiO2 materials, using a designer approach based on fundamental
modelling in the framework of the density functional theory with necessary
consideration of the nonlocal effect in the exchange-correlation functionals. Efforts
have been made in elaborating the role of doping/alloying and their interaction with
various native defects, thus offering a roadmap for effective incorporation of
impurity species via the consideration of processing environments.

Fig.1: Mn induced intermediate band as the origin of gigantic optical redshift
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3,4-ETHYLENEDIOXYTHIOPHENE FUNCTIONALIZED REDUCED
GRAPHENE OXIDE WITH PALLADIUM NANOPARTICLES FOR
ENHANCED ELECTROCATALYTIC OXYGEN REDUCTION
REACTION
J. E. Choe, S. Jeon*
Department of Chemistry and Institute of Basic Science, Chonnam National
University, Gwangju 500-757, Republic of Korea
* The corresponding author’s e-mail: swjeon3380@naver.com
Keywords: poly(3,4-ethylenedioxythiophene), Pd nanoparticle, electrocatalyst,
oxygen reduction reaction
Poly(3,4-ethylenedioxythiophene) functionalized reduced graphene oxide with
Palladium nanoparticles (Pd/PEDOT/rGO) was prepared using chemical method.
The Pd/PEDOT/rGO was characterized by field emission scanning electron
microscopy (FE-SEM), transmission electron microscopy (TEM), X-ray
photoelectron spectroscopy (XPS), energy-dispersive X-ray spectroscopy (EDS) and
electrochemical impedance spectroscopy (EIS). Its activity towards the oxygen
reduction reaction (ORR) has investigated via cyclic voltammetry (CV) and rotating
ring disk electrode (RRDE) in 0.1 M KOH aqueous solutions. The results from
RRDE Koutecky–Levich plots for ORR measurements suggest that the ORR
proceeds via a 4-electron pathway on Pd/PEDOT/rGO.

Fig. 1. RRDE voltammogram for oxygen reduction on Pd/PEDOT/rGO at 10
mV/s in O2-saturated 0.1 M KOH at 3600rpm and the process to prepare
Pd/PEDOT/rGO.
Acknowledgement
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National Research Foundation of Korea (NRF), grant funded by the Ministry of
Education, Science and Technology (2010-0007864).
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98

I. Chemical and physical aspects - POSTER

PREPARATION AND CHARACTERIZATION OF La1-yXyCo0.8Fe0.2O3
(X = Ba OR Sr) DENSE MEMBRANES
H. Fansuri1*, N. Widiastuti1, A. Aliyatulmuna1, D. Prasetyoko1,2, B.
Prijamboedi2
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Dense La1-yXyCo0.8Fe0.2O3 (LBCF for X=Ba or LSCF for X=Sr) have been
successfully prepared from their corresponding powders. The powders were
prepared from a stoichiometric mixture of each metal oxide and calcined at between
1150 and 1250 °C. X-ray diffraction data showed that the resulting powders were
LSCF and LBCF with perovskite structure and high crystallinity with minor
unidentified phase.
The membranes were prepared by pressing the powders in a hardened stainless
steel mold into green membranes (12 mm diameter and 2 mm thick) by applying 2
to 8 ton pressure followed by sintering process at temperature between 900 and 1250
°C.
Morphology of the membranes is shown in Fig. 1. The SEM analysis results
showed that the density of membranes depends on the amount of Sr and Ba
substitution in the La1-yXyCo0.8Fe0.2O3, applied pressure during molding process and
calcination temperature. The density and hardness of the membranes increases,
while their thermal expansion coefficient decrease when the amount of Sr and Ba
substitution was higher. Higher applied pressure and calcination temperature
increase the density of the resulting membranes.
Oxygen ion permeability test showed that LBCF have higher oxygen flux than
LSCF. However, the fluxes were within one order of magnitude which is
comparable to those reported by Yang et al. [1].

(a)
(b)
Fig. 1. SEM images of (a) LSCF and (b) BSCF

[1] W. Yang, H. Wang, X. Zhu, L. Lin, Topics in Catalysis, 3, 155-167 (2005)
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QUANTITATIVE ANALYSIS OF PHOSPHORUS WITH ATOMIC
EMISSION SPECTROSCOPY FOR EVALUATION OF CHEMICAL
DURABILITY OF BIOLOGICAL APATITE
D. Galusková*, P. Gaalová, D. Galusek
Join Glass Centre of the IIC SAS, TnUAD, FChFT STU, Študentská 2, 911 50
Trenčín, Slovak Republic
*
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Mutual interactions of natural enamel in acidic solutions at defined conditions are
evaluated, based on information obtained from microstructure analysis of corroded
material and from the elemental analysis of corrosion solution. Fruit juices and
candies with high concentrations of citric acid and carbonated beverages are the
usual extrinsic dietary agents of dental corrosion [1, 2]. Infrequently reported is the
acid corrosion caused by wine. Both wine and the hard tissue of human teeth
consisting of so called biological apatite contain phosphates as the major
component. Exposing the natural enamel to wine requires carefully defined
conditions to obtain relevant data for release of phosphates from the apatite.
The atomic emission spectroscopy with inductively coupled plasma (ICP AES) is
well-established technique for determination of the content of metals in wine. At the
same time it is also a suitable method for analysis of phosphorus. Another, more
laborious and time consuming spectrophotometric method with ammonium
molybdate, which is frequently used for phosphates determination [3] was used for
verification of the concentration data obtained by ICP AES.
Before the corrosion tests phosphorus was determined in wine solution by ICP
AES. Repeatability and reproducibility of the measurement is shown in Table 1.
The concentrations of phosphorus leached from human enamel after 4 and 8 h
exposure in the corrosion wine solutions are summarized in the Table 2. The results
from both techniques are comparable with relative standard deviations ≤ 1%.
Table 1: Analysis of phosphorus with ICP AES.
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[2] M. E. Barbour et al., Journal of Dentistry, 34, 207-213 (2006)
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CHEMICAL ASPECTS OF ION IMPLANTATION INTO
POLYMETHYLMETHACRYLATE PROBED BY RAMAN
SPECTROSCOPY AND ELECTRICAL MEASUREMENTS
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1

Drohobych Ivan Franko State Pedagogical University, 82100 Drohobych, Ukraine
Center for Interdisciplinary Research, John Paul II Catholic University of Lublin,
20-718 Lublin, Poland
3
Lublin University of Technology, 20-618 Lublin, Poland
4
Institute of Physics of Slovak Academy of Sciences, 84511 Bratislava, Slovakia
5
Kazan Physical-Technical Institute of Russian Academy of Sciences,
420029 Kazan, Russian Federation
*
The corresponding author’s e-mail: kavetskyy@yahoo.com
2
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The interest to ion-irradiated polymers is due to the ion implantation being one of
the effective technological methods to turn dielectric polymers into conducting
semiconductors. Recently, the results of slow positron beam spectroscopy along
with SRIM (stopping and range of ions in matter) simulation obtained for 40 keV
B+-implanted polymethylmethacrylate (B:PMMA) with ion doses from 6.251014 to
5.01016 ions/cm2 have been found [1] to be clear confirmation for the concept on
the occurrence of two processes upon ion implantation – scission of polymer chains
and appearance of free radicals preceding the aggregation of the clusters resulting in
the formation of network of conjugated bonds at lower ion doses (< 10 16 ions/cm2)
and carbonization at higher ion doses (> 1016 ions/cm2). At the same time,
temperature dependent positron annihilation lifetime measurements [2] showed that
B+-ion implantation leads to decreasing molecular weight in PMMA at lower ion
dose (3.131015 ions/cm2) and local destruction of PMMA matrix and generation of
additional free volumes at higher ion dose (3.751016 ions/cm2).
In the present work the expected carbonization in the B:PMMA at higher ion
doses is additionally confirmed by increasing intensity of carbon containing bands
and appearance of new carbon-based modes in the Raman spectra measured. Also,
the results of electrical (I-V) measurements of the B:PMMA showed that the
implanted samples, demonstrating change of slope of the linear regression line of IV characteristics, have created a very thin conductive layer or conductive joints,
which can be observed only at higher temperatures.
Acknowledgement
This work was partly supported by the SFFR of Ukraine (No. F52.2/003), the
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Šauša, V. Nuzhdin, V. Valeev, A.L. Stepanov, J. Phys. Chem. B, dx.doi.org/10.1021/jp410763t.
[2] T.S. Kavetskyy, V.M. Tsmots, S.Ya. Voloshanska, O. Šauša, V.I. Nuzhdin, V.F. Valeev, Y.N. Osin,
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GOLD/ACRYLIC POLYMER NANOCOMPOSITES: TECHNOLOGY
AND APPLICATION FOR PHOTONIC ELEMENTS
J. Burunkova1, I. Denisiuk1, I.Csarnovics2, R. Bohdan2, S. Kokenyesi2*
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Gold is frequently used in glass and polymer nanocomposites due to its
exceptional stability and because of plasmon resonance effects, which are easily
observed in 500 – 800 nm spectral range in dependence of the size and shape of the
Au nanoparticles (AuNP). Plasmons influence interaction of light with matrix
materials and enhance photoinduced processes, efficiency of sensors, etc. These
nanocomposites often are produced via chemical rout of synthesis. We report the
direct method of incorporation of preformed gold nanoparticles (AuNP) with given
parameters into the acrylic polymer (AP) matrices, as well as structural, optical
characterization of AuNP/SiO2/AP film composite, which were used for amplitudephase and surface relief optical recording of photonic elements.
It was shown that incorporation of dodecanethiol-covered AuNP can be enhanced
in the presence of SiO2 nanoparticles, enabling at the same time a wider range of
tailoring of composite properties for optical processing (the polymerization rate and
yield, the change of the refractive index and spectral characteristics). The influence
of plasmon field enhancement on the recording process was investigated and
processing routs with combined illumination were established. Results were
compared with data for AuNP/Se-based chalcogenide glass nanocomposites, since
they are often called as inorganic polymers and the similar optical recording
processes are enhanced in the presence of plasmon fields.
Acknowledgement
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STRUCTURAL CHARACTERIZATION OF [Fe(6-C6H6-nMen)2]2+
DICATIONS
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The present study is a part of our search for novel iron compounds that now play
an important role in the development of specific areas of metaloorganic and
metallocarborane chemistry of iron [1].
Room temperature reactions between polymethylated arenes C6H6-nMen (Me =
CH3) and FeCl2 in the presence of AlCl3 in heptane for 24-36 hours proceeded with
the formation of a series of the [Fe(6-C6H6-nMen)2]2+ dications (isolated as PF6salts) in yields of 48-71% (see Fig. 1).
Men
FeCl2, AlCl3
heptane, r. t., 24-36 h
C6H6-nMen

H2O, NH4PF6

2
Fe

+ 2 [PF6]

Men
Fig 1. Formation of the [Fe(6-C6H6-nMen)2]2+ dications.

The pure compounds were characterised by several methods [2]. Mössbauer
spectroscopy has been chosen as a further tool of structural characterization. Room
temperature Mössbauer spectra unveiled the presence of both Fe2+ and Fe3+ sites.
Hyperfine parameters including isomer shift, quadrupole splitting, and relative areas
revealed differences in the samples with varying amount of methyl groups.
It can be concluded that the effects of the Me-substituents (Fe) on the arene
ligands are transmitted via the arene ring onto the iron centre. The effect can be
employed for useful inter-comparisons among iron environments that differ in the
number of substituents.
Acknowledgement
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SILVER ELECTROCATALYST SUPPORTED ON DIFFERENT
LENGTH LINKAGES OF GRAPHENE FOR OXYGEN REDUCTION
REACTION IN ALKALINE MEDIA
K. Lee, S. Jeon*
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The oxygen reduction reaction (ORR) in an alkaline solution was carried out
using graphene oxide supported different linker length of the silver denoted as GOS-(CH2)n-S-Ag where n=2,3,4. This characterization was investigated by X-ray
photoelectron spectroscopy (XPS), transmission electron microscopy (TEM),
scanning electron microscope (SEM), rotating ring disk (RRDE), and cyclic
voltammetry (CV). To investigated the relationship between the linker length and
the electrocatalysts activities. According to the previous article, Pt and Pd
nanoparticles were decorated with longer chain graphene showed better electrocatalytic effect on ORR. Nevertheless silver has the reverse effect on ORR. The
potentiometric measurement show that shorter chain like n=2 is the most superior
electrocatalysts than long chain like n=3,4 for ORR in alkaline media.

Figure. The mechanism formed GO-S-(CH2)n-S-Ag . inset: comparison of
transferred electron number(n) at -1.2V in 0.1M NaOH solution.
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FORMATION OF VO2(B) THIN FILMS AND STUDY OF THEIR
PHOTOCATALYTIC ACTIVITY
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Vanadium oxide thin films are highly interesting materials because of their wide
range of attractive properties [1]. Vanadium pentoxide (V2O5) has been studied for
Li-intercalation in batteries and also for gas sensing applications [2,3]. Vanadium
dioxide (VO2) has several stable phases. Most attention has been devoted to the
thermotropic VO2(M/R) phase which exhibits phase transition at 68 °C and shows
consequently distinct optical, electrical, and magnetic switching properties [1,4].
This phase has been largely investigated for its switching applications such as
bolometers and smart windows [5]. In this work, another phase of VO2, the Bpolymorph, was studied. Up to now, far less attention has been devoted to this
phase.
Vanadium oxide thin films were prepared by spin-coating deposition of an
aqueous sol-gel on Si/SiO2 substrate. The films were characterized by X-ray
diffraction (XRD), scanning electron microscopy (SEM), and atomic force
microscopy (AFM). The as-deposited films were annealed in either 5% H2/Ar
atmosphere or vacuum. The course of the reduction process was investigated with
the aid of temperature dependent XRD measurements. The annealing leads to the
formation of VO2(B) films where the layered-V2O5 is progressively reduced to
layered-V4O9 before complete reduction to layered-VO2, which is non-thermotropic.
This step-reduction process is therefore influenced by the structure of the vanadium
oxides and thus doesn’t reach the thermotropic VO2(M/R) phase. Moreover, the
reduction temperature is lowered in H2/Ar atmosphere which is more reactive
comparing with vacuum condition.
Since VO2(B) is semiconducting, photo-oxidative degradation of rhodamine B
was investigated under irradiation with both UVA and metal halogenide visible light
lamps. The VO2(B) films exhibit distinct photocatalytic activity under the both
irradiations. The best result belongs to the film prepared by annealing in H 2/Ar that
shows better crystallinity. The photoactivity of VO2(B) films deposited by aqueous
sol-gel method on Si/SiO2 is highly promising since it is a low cost process using
cheap chemicals with possibility for doping and making composite films and which
was not yet investigated.
[1] P. Kiri, G. Hyett, and R Binions, Advanced Material Letters, 1, 86-105 (2010)
[2] V. Vivier, J. Farcy, J. P. Pereira-Ramos, Electrochimica Acta, 44, 831-839 (1998)
[3] R. Rella, P. Siciliano, A. Cricenti, et al., Thin Solid Films, 349, 254-259 (1999)
[4] J. Livage, Coordination Chemistry Reviews, 190-192, 391-403 (2010)
[5] Carl. M. Lampert, Materials Today, 7, 28-35 (2004)
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THE SUBSTITUTED Bi26Mo10O69 BISMUTH MOLYBDATE:
SYNTHESIS, PROPERTIES AND STRUCTURE
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The present research is devoted to the synthesis and investigation of properties
and structure of substituted bismuth molybdate Bi26Mo10O69. The Bi26Mo10O69 (also
named as Bi13Mo5O34±δ) has unique structure, which contains columns [Bi12O14]n as
well as [MoOm] polyhedrа and isolated Bi ions. These substituted Bi26Mo10O69 solid
solutions are shown to be low symmetry one-dimensional oxygen-ionic conductors
at mediate temperatures. The Bi26Mo10O69 (Bi13Mo5O34±δ) crystallizes in monoclinic
symmetry at temperatures above ~350°C [1], below this temperature it has triclinic
distortion (Sp. gr. P-1, a=11.746Å, b=5.799Å, c=24.792Å, α=89.95°, β=102.90°,
γ=89.95°) [1].
Substituted
bismuth
molybdate
with
the
general
composition
Bi13Mo5-хMeхO34±δ, with Me = Fe was studied. The samples were synthesized using
conventional ceramic technology. The phase composition was defined by XRPD.
The structure was refined by Rietveld analysis using neutron powder diffraction
data. The limit of homogeneity range of Bi13Mo5O34±δ solid solutions was
determined to be x=0.35, the limits of the triclinic modification were 0≤x≤0.2,
stabilization of the monoclinic modification was observed at the following range of
x: 0.2<x≤0.35. The structure of the triclinic modification of the substituted
Bi13Mo5O34±δ was refined using x=0.1 sample, addition oxygen position predicted by
Ling [2] was observed. The geometrical sizes of particles lie in the range of 110 μm. The chemical composition of the samples was controlled by means of atomic
absorption spectrometry and it was shown to be equivalent to the formulae. Thermal
expansion coefficient was shown to be (14-16)*10-6 K, porosity of the ceramic
samples was determined to be less then 5 %. Electrical conductivity was studied
using impedance spectroscopy method. The highest value of conductivity was
determined to be equal to approximately 1.5*10-4 S*cm-1 at 350°С. For all studied
samples equivalent schemes of electrical conductivity were constructed.
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There has been considerable interest to Bi2O3 and its compounds in recent years
due to the high oxide ionic conductivity observed in these systems [1]. Bi2O3 itself
exhibits a number of polymorphs, with the highly conducting, fluorite-related δphase attracting particular attention. In pure Bi2O3, the δ-phase is only stable over a
narrow temperature range 730–825C, and much work has been carried out on the
stabilization of this phase to room temperature through solid solution formation with
other oxides [2].
The present research is devoted to the synthesis and investigation of properties of
substituted bismuth niobate Bi3Nb1-xMxO7-x, where M = Er, In. Compositions with
general formula Bi3Nb1-xMxO7-x (0.00 ≤ x ≤ 0.60) were prepared by conventional
solid-state synthesis in steps of x=0.10. Some samples were also prepared using
liquid precursors method. The homogeneity regions of Bi3Nb1-хMхO7-x samples were
determined by means of X-ray method. All single-phase patterns could be
satisfactorily indexed with a cubic cell model and can be satisfactorily indexed in
space group Fm-3m.
The grain sizes were estimated by means of laser diffraction, optic and electronic
microscope method. The average grain sizes have been determined to be equal to 525 µm. Thermal expansion of samples has been studied by means of dylatometry
method. Thermal expansion coefficients values were calculated. The optimal
conditions for samples synthesis were identified.
The overall conductivity of bismuth niobates was investigated as function of
temperature by means of impedance spectroscopy method. The typical impedance
diagrams were plotted, impedance parameters were estimated, and equivalent
circuits were analyzed. The Arrhenius plots of total conductivity for substituted
bismuth niobates were constructed.
According to the results of this work samples with the highest electrical
conductivity were identified and the best ratio of the concentration components of
bismuth niobate was found.
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The aim of this work was to suppress the corrosion of Incoloy 800H/HT alloy by
various addition of CrF3, FeF3, FeF2 and NiF2 fluorides in the eutectic molten salt
LiF-NaF-KF at 680 oC. The results from the static corrosion tests by weighting of
the corroded samples were obtained. The slope dm/dx up to x = 0.034 increase in the
sequence of presence Cr(3+) < Fe(2+) < Fe(3+) < Ni(2+) that corresponds to
elements standard electrode potentials row. Only in the case of CrF 3 addition above
3.4 mol % the corrosion rate slowed down what meets with the initial idea of
corrosion suppression.
The SEM observations revealed the corrosion attack with predominant pitting
corrosion (see Figure, left). Under high magnifications the matrix-like type of
material structure was visible (see Figure, right). EDX analysis has shown the
preferable dissolution of low-potential metals, e.g. chromium and iron. The results
can be potentially used for prediction of corrosion behavior of alloy in aggressive
media. Incoloy 800H/HT is widely used on construction tubes, valves, exchangers
and tanks for heat capturing from the Sun or eventually 4th generation of nuclear
reactors [1-10].

Figure: SEM observation of the surface of Incoloy 800H/HT after experiment
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It has been well recognized that layers of TiO2 nanotubes arrays are highly
promising in various application e.g. environmental purification and gas sensors due
to their unique highly ordered array structure, good mechanical and chemical
stability and high specific surface area [1,2]. It has been shown that doping with
some transition metals can improve the photocatalytic activity of TiO2 by supression
of the recombination of photogenerated electron hole pairs [2].
In this study the preparation of 1D ordered arrays of nanotubes on metallic Ti
films, which were prepared by magnetron sputtering on Si substrate, is reported. The
nanotubes were synthesized by technique of anodic oxidation using 40 V voltage in
ethyleneglycole solution and presence of NH4F. Subsequently they were annealed at
450 °C. SEM microphotographs of the obtained samples with a length of nanotubes
of about 1 µm are shown on Fig. 1.
According to the XRD measurements the
samples compose of anatase. The samples
were doped with vanadium in the
concentration of 1, 3, 5 wt % either by
simple
wet
impregnation
by
vanadium(oxo)(tri-isopropoxide)
or
by
magnetron sputtering. Vanadium doping
slightly increased the photocatalytic activity
measured from the time dependence of
Rhodamine
B
decomposition
under
irradiation by UVA light. The correlation
between the photocatalytic activity and the
concentration of doped vanadium is
discussed.
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The compounds of elements of 14 group (Si, Ge, Sn) containing bonds element –
element (the heavy analogs of saturated hydrocarbons) may be regarded as
“molecular conductors” [1]. The delocalization of electrons of element – element
bonds (σ-conjunction) is the distinctive feature of these compounds. A number of
oligogermanes containing at neighboring germanium atoms substituents with very
different electronic properties (TMS)3GeGeCl3, (C6F5)3GeGePh3, (C6F5)3GeGe(pTol)3, (C6F5)2Ge[Ge(p-Tol)3]2) were obtained. Using X-ray single-crystal structure
analysis, UV/visible spectroscopy and quantum chemical calculations the electronic
properties of these compounds were investigated. The geometries were first
optimized at the DFT level by using the B3LYP/DGDZVP. These optimized
geometries of the molecules have also been studied using the ADF program [2].
According to our calculations performed before the values of HOMO/LUMO gap
depends on the type of substituents at germanium atoms (alkyl or aryl) and the
number of conjugated germanium atoms in the chain. The increasing the number of
Ge atoms in the chain results in decreasing of the gap that lead to red shift of UV
absorption. The using of aromatic groups instead of alkyl groups at germanium
atoms also results to decreasing of the gap value due to interaction of Ge-Ge bond
orbitals with molecular orbitals on aryl substituents. The decreasing in HOMOLUMO gap in the case of digermanes may be caused by HOMO destabilizing and
by LUMO stabilizing. Apparently, the last case is more significant and is typical for
oligogermanes with electron withdrawing groups.
It was shown that the synthesis of oligogermanes with classical acceptor groups
as halogens is very difficult to perform. So application of C6F5 groups is very
important to synthesis of oligogermanes with new useful properties. The findings
reported here represent some significant advances in the synthesis of oligogermanes
using the hydrogermolysis reaction. This approach allows obtaining compounds
with strong electron withdrawing groups and extending the series of oligogermanes,
including donor-acceptor or only acceptor derivatives. The formation energy
oligogermanes has been broken down using the extended transition state. We have
used NBO and AIM approaches for the analysis of the bonding situation in
oligogermanes.
[1] H. Kobayashi, A. Kobayashi, H. Tajima, Chem. Asian J., 6, 1688-1704 (2011)
[2] K. V. Zaitsev, A. A. Kapranov, A. V. Churakov, Poleshchuk O. Kh. Et al, Organometallics, 32,
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Reaction of hydrogen peroxide with suspensions of thoroughly washed
precipitates obtained by neutralization of aqueous solution of titanyl sulfate with
aqueous ammonia leads to transparent yellow liquids. In this way prepared colloid
solution represents a two phase system in which, beyond the water phase, also a
liquid hydrated titanium peroxide component is present (see Fig. 1a) [1,2].
Freeze drying of this colloid liquid
provides a foamy material consisting of thin
foils of titanium peroxide which contains
small but not negligible amount of chemically
bound ammonia.
These foams annealed at temperature
above ~200 °C lose water, ammonia and
excess of oxygen providing foamy
amorphous oxide. At higher temperatures
above ~300 °C the amorphous material
crystallizes to anatase nanoparticles which
transform at temperatures above 850 °C to
rutile. Slit shaped porosity is formed during annealing. We observed that the
annealed material is highly photoactive, probably owing to highly anisotropic shape
of anatase aggregates which are present in the form of thin leafs (see Fig. 1 b-d).
The method is very suitable also for synthesis of cation- as well as anion-doped
materials which show high visible light photocatalytic activity.
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The phase equilibria in the Y–Ba–Fe–O system were systematically studied at
1373 K in air. Constituent ternary systems were preliminary examined.
Y–Fe-O system. Two ternary oxides YFeO3 and Y3Fe5O12 synthesized by the
standard ceramic technique and quenched from the 1373 K to room temperature
were single phases. The unit cell parameters of orthorhombic YFeO3 refined by the
Rietveld method were: а = 5.586(1) Å, b = 7.594(0) Å, c = 5.275(1) Å (sp. gr.
Pnma).
Ba–Fe-O system. Three ternary oxides BaFeO3-δ, BaFe2O4 and the hexagonal
BaFe12O19 were confirmed to be stable in the Ba–Fe–O system at 1373 K in air.
High-temperature XRD of BaFeO3-δ in the temperature range from 298 – 1273 K
under Po2 = 0.21 аtm showed the phase transition. BaFeO3-δ with orthorhombic
structure (sp. gr. P21 21 2) existed below 673 K, and phase with the cubic structure
(sp. gr. Pm3m) was detected above 1273 K. The mixture of two mentioned above
phases was obtained in the temperature range 673–1273 K, which correlate with
results obtained by TGA and dilatometry methods.
Ba–Y-O system. X-ray diffraction of the Y-rich samples (Y>0.6) quenched from
the 1373 K demonstrated the existence of Y2BaO4 phase. In order to avoid possible
reaction of barium oxide with the vapor in moist atmosphere and CO2 contained in
air at room temperature high temperature XRD measurements have been performed.
It was shown that Y4Ba3O9 can be obtained at 1373 K, while Y2Ba4O7 was not stable
at least at 1373 K.
Y–Ba–Fe–O system. The intermediate phases formed in the Y–Ba–Fe–O system
at 1373 K in air were: YBa3Fe2O8- and BaFe1-xYxO3- [1]. It was shown that
YBa3Fe2O8- possesses orthorhombic unit cell (sp. gr. Рmmm). Homogeneity range
for the BaFe1-xYxO3- solid solution at studied conditions appears within
0.75<x<0.125. The substitution of yttrium for iron in BaFe1-xYxO3- (0.75<x<0.125)
oxides yields the formation of cubic structure solid solutions stable in air at all
studied temperatures.
The projection of isothermal-isobaric phase diagram for the Y–Ba–Fe–O system
to the compositional triangle of metallic components has been constructed. The
phase triangle for the Y–Ba–Fe–O system was divided into 14 fields.
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Special fluoride systems are interesting objects of research due to their potential
industrial applications (e. i. nuclear industry or related applications). Therefore, the
knowledge of their properties is essential. Up to now, data for these quantities are
only occasionally reported and / or the research was focused only to exact
compositions or in some cases to very restricted concentration range.
The aims of the study were to investigate the physicochemical properties, such as
the density (by Archimedean method of hydrostatic weighing), viscosity (by torsion
pendulum method) and surface tension (by maximum bubble pressure method), of
the LiF-NaF-KF(eut.) – Na7Zr6F31 fluoride system in the entire concentration range.
The obtained data show significant deviation from the ideal / additive behaviour,
particularly in the concentration range from 0 to 20 mole % of Na 7Zr6F31 while the
data sets correspond each other very well. In this range a sharp increase in
temperature of primary crystallisation together with volume expansion, positive
deviation from additive behaviour of viscosity and negative deviation from ideal
behaviour of surface tension were observed. These significant changes are discussed
and indicate complicated interactions of the components in the melt.
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The defect structure responsible for the electrical properties of partially
substituted rare earth and barium cobaltates that attracts significant attention as
potential cathodes for the SOFCs is still unresolved and arise questions.
Polycrystalline samples of SmBaCo2−xFexO6-δ were prepared by the glycine–
nitrate synthesis. Final annealing was performed at 1100°С in air during 120h with
intermediate grindings, followed by slow cooling down to room temperature at a
rate of about 100°/h. The changes of oxygen content in complex oxides were
measured by thermogravimetric analysis as a function of temperature and oxygen
partial pressure. The absolute value of oxygen content in the samples was
determined using a direct reduction in the TG cell by hydrogen flow. Total
conductivity and Seebeck coefficient were measured simultaneously using a 4-probe
technique.
The crystal structure of SmBaCo2O6-δ was described by the orthorhombic
ap×2ap×2ap cell (Pmmm sp. gr.), while SmBaCo1.4Fe0.6O6-δ crystallized in tetragonal
structure, ap×ap×2ap cell (P4/mmm sp. gr.). The values of oxygen content for the
slowly cooled samples at room temperature were 5.62 and 5.76 for SmBaCo2O6-δ
and SmBaCo1.4Fe0.6O6-δ respectively.
The defect structure of oxides with double perovskite structure was described
using the model based on the simple cubic perovskite SmCoO3 as a reference state.
Oxygen vacancies ordering in the SmBaCo2O6-δ can be introduced by the formation
 ) clusters. Equilibrium constants and enthalpies of the reactions for the
of (VO BaSm
point defects formation were refined. The concentrations of all defect species were
calculated as functions of temperature and oxygen nonstoichiometry.
The temperature dependencies of the total conductivity of SmBaCo2−xFexO6-δ
possess maxima at approximately 300–350ºC in air. The partial substitution of iron
for cobalt leads to decrease the conductivity value.
Seebeck coefficient for both compounds reveals positive values within the entire
temperature and oxygen partial pressure ranges that indicate predominant p-type
conductivity.
The dependencies of electrical conductivity log(  )T  f ( ) and Seebeck
coefficient QT  f ( ) versus oxygen nonstoichiometry were discussed on the basis
of the defect structure models. The values of activation energy for fixed oxygen
content values were calculated.
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This paper presents a methods of obtaining multifunctional coatings with
hierarchical structures obtained by wet chemical etching process. The weak
inorganic acids was intended to produce on the glass surface a very thin SiO 2 layer,
thus increasing the anti-reflective properties. Samples of float glass SLS (soda-limesilicate glass) having a low iron contents, were used as glass substrates and
immersed into HF solutions in the following concentration 0.1 M, 0.2 M, 0.3M,
0.5M. The etching process was carried out at regular intervals from 1 minute to 5
min . The whole process of etching the glass surface was controlled by measuring
pH, electrical conductivity , and the redox changes . After the etching process, each
sample was heat treated at 6400C in an electric furnace in air atmosphere via 15
minutes. The optical properties were determined by UV -VIS spectroscopy and
ellipsometry . Characteristic changes of reduction in the refractive index and
reflectance were observed. Analysis of the chemical composition of the surface was
performed using photoelectron spectroscopy XPS.
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Alloy Pt-Co nanoparticles electrocatalyst-supported thiolated graphene oxide
(tGO) was synthesized (PtCo/tGO) in an easy and fast way for efficient oxygen
reduction reaction (ORR). And then, via the electrochemical reduction method,
oxygen-containing functional groups on the surface of PtCo/tGO catalyst were
removed and expose electrochemical active surface (ER/PtCo/tGO). The
ER/PtCo/tGO was characterized by scanning electron microscope (SEM),
transmission electron microscope (TEM), X-ray photoelectron spectroscope (XPS)
and energy dispersive spectroscope (EDS). The electrocatalytic activities were
verified by cyclic voltammetry (CV), rotating ring disk electrode (RRDE) in 0.1 mol
L-1 KOH electrolyte solution, which was also used to assess the catalyst's kinetic
parameters. The ER/PtCo/tGO catalyst shows exceptionally high catalytic
performance, with its electrocatalysis of O2 reduction via four-electron transfer
reduction to H2O.

Figure: CVs of the electrochemical ORR catalytic performance on ER/PtCo/tGO
in an O2-saturated 0.1M KOH solution at scan rate of 50 mV/s. The inset is FE-SEM
image of ER/PtCo/tGO.
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Magnetic chain compounds were actively investigated in the field of molecular
magnetism as models for one-dimensional spin arrays, both from experimental and
theoretical points of views [1]. In this context, homometallic 1D systems containing
different bridging moieties deserve particular attention because alternating magnetic
couplings differing in sign and/or magnitude can occur, depending on the nature of
the bridging ligands [2]. In that respect, copper(II) chains with two alternating
intrachain antiferromagnetic interactions (J and J’ < 0) are well-known, while those
with alternating ferro- and antiferromagnetic interactions of different sign (J > 0 and
J’ < 0) are still fairly uncommon [3].
The present work concerns the syntheses and general physical characterization of
a novel series of heteroleptic copper(II) compounds with bpm and the pz anion or its
3-methyl- (3-Mepz) and 3,5-dimethyl-substituted (3,5-Me2pz) derivatives as
bridging ligands. Our goal is to investigate the influence of the steric and/or
electronic effects of the ligand on the structural and magnetic properties in the light
of their different exchange pathways and compared with those reported for the
related bpm- and mono- or bis(pyrazolate)-bridged dicopper(II) complexes (Figure
1).

Figure 1: Solid-state aggregation of antiferromagnetically coupled, mono- or
bis(pyrazolate)(aqua/hydroxo)-bridged dicopper(II) complexes through bis-bidentate
2,2’-bipyrimidine leads to two different types of copper(II) chains with regular
alternating intrachain antiferromagnetic interactions.
[1] O. Kahn, Molecular Magnetism; VCH: Weinheim, Germany, 1993
[2] C.-T. Chen and K. S. Suslick, Coord. Chem. Rev. 1993, 128, 293–322.
[3] C. Adhikary and S. Koner, Coord. Chem. Rev. 2010, 254, 2933–2958
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STRUCTURE AND MAGNETIC PROPERTIES OF A METALORGANIC FRAMEWORK COMPRISING OF ONE-DIMENSIONAL
COBALT CHAINS
J. Vallejo1, I. Castro1*, J. Cano1, R. Ruiz-García1, F. Lloret1,
D. Armentano2*
Instituto de Ciencia Molecular, Universitat de València, 46980-Paterna, València,
Spain
2
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The last decade witnessed an increasing interest in metal–organic frameworks
(MOFs) due to their versatility as porous materials for broad applications in gas
storage and separation, molecular sensing, and catalysis [1]. Among this new class
of multifunctional molecular materials, porous magnets have become a major target
[2]. Porosity in general requires bridging ligands with long organic spacers that do
not facilitate the magnetic exchange interactions between the distant paramagnetic
metal centers. The two strategies that have been proposed to overcome this problem
are referred to as organic radical [3] and metalloorganic [4] approaches, the
difference between them being the nature of the paramagnetic bridging ligand used
for the construction of the open-framework structure. The main goal in this
intercrossing area of molecular magnetism and MOFs chemistry is the modulation
of the magnetic properties of the host framework by the inclusion of selected guests
such as solvents or gases through physi- or chemisorption processes. The
combination of both the open-framework structure and and magnetic switching
behavior in this new class of porous magnets offers new possibilities in designing
multifunctional materialsfor host–guest molecular sensing.
Here we report the synthesis, structural
characterization by X-ray diffraction,
thermal and sorption behaviors and
magnetic properties of a new example of a
cobalt(II)
porous
magnet,
where
molecules constitute 45% of the volume
total of the unit cell, which corresponds to
18 water molecules per formula unit.

[1] R. J. Kuppler, D. J. Timmons, Q.-R. Fang, J.-R. Li, T. A. Makal, M. D. Young, D. Yuan, D. Zhao,
W. Zhuang, H.-C. Zhou, Coord. Chem. Rev. 2009, 253, 3042
[2] P. Dechambenoit, J. R. Long, Chem. Soc. Rev. 2011, 40, 3249
[3] N. Motokawa, S. Matsunaga, S. Takaishi, H. Miyasaka, M. Yamashita, K. R. Dunbar, J. Am. Chem.
Soc. 2010, 132, 11943
[4] B. Sieklucka, R. Podgajny, D. Pinnkowicz, B. Nowicka, T. Korzeniak, M. Balanda, T. Wasiutynski,
R. Pelka, M. Makarewicz, M. Czapla, M. Rams, B. Gavel, W. Lasocha, CrystEngComm 2009, 11,
2032
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MAGNETISM OF IRON(II) BITHIAZOLE COMPLEXES
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A series of Fe(II) complexes has been prepared with bithiazole ligands and NCS
coligands. They were characterized by X-ray structure analysis and the magnetic
data was taken with the SQUID magnetometer [1].
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Figure 1. X-ray structure and magnetic data (temperature dependence of the
effective magnetic moment and the molar magnetic susceptibility). Solid lines - fitted.
Two mononuclear complexes show magnetic behavior typical for the zero-field
splitting systems with Hˆ a  D 2 (Sˆz2  Sˆ 2 / 3)  B Bga 1Sˆa as a spin Hamiltonian. The
fitting procedure gave: gz = 2.031, gx = 2.234, D/hc = +8.05 cm1, (zj)/hc = 0.159
cm1, TIM ~ 0 for 1, and gz = 2.307, gx = 2.259, D/hc = 5.10 cm1, (zj)/hc = 0.108
cm1, TIM = 5.10 × 10 m3 mol for 2. The dinuclear complex exhibits an
exchange coupling of the antiferromagnetic nature with J/hc = 34.2 cm1, g =
2.176, xPI = 0.018, PI = 1.79 K.
Acknowledgement
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NEW WHITLOCKITE-TYPE FERROELECTRIC VANADATES
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A number of new vanadates in system Ca10.5-xPbx(VO4)7 has been obtained as
powders and dense ceramics in the single-phase area 0 x  5 by solid state
reactions. The compounds exhibit a whitlockite-like crystal structure with polar
space group R3c. Their crystal structures enclose 5 cation sites different in size and
oxygen coordination. Sites M1–M3 are fully occupied by calcium or its substitutes,
while M4 sites are partially occupied or vacant. With dielectric measurements up to
1000 °C, DTA and second harmonic generation (SHG) temperature investigations it
was found that all these compounds possess high-temperature phase transitions (PT)
from non-centrosymmetric, polar, to centrosymmetric phases, and demonstrate
ferroelectric behavior. Based on Rietveld refinement analysis of PDX patterns in the
Ca10.5–xPbx(VO4)7 series, we calculated Pb2+ ions distribution upon five available
sites in the whitlockite. It is shown that Pb2+ ions mainly occupy the largest M4 site
and only then enter into the M3 (fig. 1a).
The obtained distribution of Pb2+ ions is used to explain concentration behavior
of optical non-linear and ferroelectric characteristics. Strong increase in SHG
activity of the powders with x of is detected in the Ca10.5-xPbx(VO4)7 single-phase
area. Here, the SHG signal intensity has raised manifold up to 600 units of quartz
standard in contrast with smaller augmentation previously observed in similar
phosphates [1]. Temperature of ferroelectric phase transition Tc known to be 1110
°C in Ca3(VO4)2, diminishes down 500 °C in Ca5.5Pb5(VO4)7 (fig. 1b). It is
consumed that specific localization of Pb2+ ions in crystal lattice ensures maximal
space for the lone pair deployment thus greatly increasing non-linear activity.
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DIELECTRIC STUDY OF EPOXY RESIN-CaCu3Ti4O12
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The polymer matrix composites (PMCs), where the filling material is a high
dielectric constant ceramics are recently extensively studied due to a number of
advantages over traditional electroceramics, i.e. ease of molding of complicated
shapes, interesting functional properties and their flexibility [1]. The majority of the
ceramic material used as a filler in PMCs are ferroelectrics or relaxsor ceramics [2].
However these ceramics exhibit a high electromechanical effect and strong
dependence of dielectric constant on temperature [3, 4] therefore they are not
desirable for capacitor applications.
In recent years, CaCu3Ti4O12 (CCTO) has been found to exhibits a very high
value of dielectric constant (ε’) which is almost constant over a considerable range
of temperature (100600 K) and frequency (102106 Hz) [5]. Moreover, the use of
high energy milling technique to produce such a compound, enables in a relatively
simple and cheap way to obtain ceramics with better properties than conventionally
synthesized one [6]. Mechanochemically synthesized CCTO seems to be a potential
filler to develop high ε’ polymer-ceramic composites for capacitor applications.
In this study results of our investigations on microstructure, thermal and
dielectric properties of various types of polymers (e.g. thermosetting or chemosetting resins) reinforced with mechanochemically prepared CCTO are reported. The
study are continued.
Acknowledgement
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NEW MAGNETIC DILUTE PYROCHLORES Bi1.8Fe1.2-xGaxSbO7
WITH SPIN-GLASS TRANSITION
A. V. Egorysheva*, O. G.Ellert, O. M. Gaitko
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Cubic pyrochlore oxides A2B2O7 with antiferromagnetic nearest – neighbor
exchange interaction are highly geometrically frustrated. As a result
antiferromagnetically coupled spins on the lattice do not develop long-range order at
any nonzero temperature [1]. Earlier we showed [2] that the pyrochlores of the
Bi2O3-Fe2O3-Sb2O3 system exhibit strong short-range order antiferromagnetic
superexchange interactions and spin-glass transition at low temperatures. We also
revealed that approximately 7-25% of Bi positions in (Bi2-xFex)(FeSb)O7 pyrochlore
may be occupied with Fe3+. It was interesting to study the magnetic dilution
influence on the magnetic properties of Bi- pyrochlores.
We have shown that in the system Bi2O3-Fe2O3-Ga2O3-Sb2O5 a continuous range
of the pyrochlore structure solid solution exists. New Bi1.8Fe1.2(1-x)Ga1.2xSbO7
pyrochlore series with x = 0; 0.1; 0.3; 0.5; 0.7; 1 were prepared. The lattice
parameter dependence of the obtained polycrystalline specimens does not obey
Vegard law. This fact suggests that Ga3+ incorporates no uniformly in A and B
positions in the pyrochlore structure. It is confirmed by Mӧssbauer spectroscopy
data. The ratio of the Fe3+ ions in the A and B positions depends upon gallium
concentration, Fe3+A: Fe3+B = 9:91 for the samples x=0 and 0.3 and 26:74 for x = 0.5.
The dc and ac magnetic properties of the Bi1.8Fe1.2(1-x)Ga1.2xSbO7 pyrochlores
were studied in the temperature range 2 - 350K. According the dc measurements
their magnetic behavior is characteristic for highly geometrically frustrated
pyrochlores with antiferromagnetic short-range order exchange interactions between
nearest neighbor Fe3+ ions. ZFC and FC magnetization measurements under an
external field of 100 Oe revealed spin-glass transition with transition temperatures
(TSG = 14, 12, 7.5 and 4K) decreasing with the gallium content increasing in the
samples with x = 0, 0.1; 0.3; 0.5 relatively. The sample with x=0.7 is paramagnetic
in the studied temperature range. We measured the ac susceptibility with varying the
frequencies (f) from 100 to 10000 Hz. In a spin glass system a magnetic spin
interacts randomly with other magnetic spins, resulting in a state that is highly
irreversible and metastable. The ac susceptibility measurement is particularly
important for spin glasses because it determines the freezing temperature accurately.
The observed peak temperatures Tf(ω) shift towards higher temperature with
increasing frequency and confirm the spin-glass behavior of Bi1.8Fe1.2(1-x)Ga1.2xSbO7
pyrochlores.
Acknowledgement
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ELLIPSOMETRIC STUDY OF FERROELECTRIC COPOLYMER
LANGMUIR-BLODGETT FILMS
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The phase transition of the Langmuir-Blodgett films of copolymer of vinylidene
fluoride (70%) and trifluoroethylene (30%), P(VDF-TrFE), was studied with
polarization modulated ellipsometry(PME) for the first time. X-ray diffraction
measurement was simultaneously performed for comparison. The influences of
temperature on the crystal structure in the LB films before and after annealing were
investigated. Like XRD results, the thermal hysteresis in ellipsometric response
clearly confirms the characteristic features of P(VDF-TrFE) LB films: ferroelectricparaelectric phase transitions, phase
transition temperatures, and phase
coexistence. The data associated with
molecular conformation changes are in
good agreement with those obtained from
XRD [1]. In this PME work, thermal
anomaly, which has not been reported
before in the previous studies (Fig.1), was
observed at 47°C in the LB films before
annealing. The reversibility of the film
Fig. 1. Temperature dependence of ellipsometric patterns for Langmuir Blodgett films of 10
layer P(VDF-TrFE) copolymer.

structure at the temperature range across the 47°C was investigated with PME
technique. This strongly suggests that, the thermal anomaly is not associated with a
molecular conformation changes. We attribute this anomaly to thermal stress which
may surpass the elastic limit of the polymer chain. We found that the PME
technique can be used as a powerful tool to investigate the physical properties of the
nano-thickness films.

[1] M.Poulsen, A.V.Sorokin, S.Adenwalla, S.Ducharme, and V.M. Fridkin, J. Appl. Phys,103,
034116(2008)
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FILMS
P.W. Jang1, C.S. Jung1, K-H Kim2, K. Seomoon3 and S. Moon4
1

Department of Laser Optical Information Engineering
Department of Solar and Energy Engineering
3
Department of Applied Chemistry
4
Department of Physics, College of Science and Engineering, Cheongju University,
Cheongju 360-764, Korea
*
The corresponding author’s e-mail: pwjang@cju.ac.kr
2

Keywords: Near Field Communication, Fe-Si thin film, ordered phase, electrical
resistivity
The Fe-11%Si flakes of magnetic sheets used for near field communication
(NFC) system were typically manufactured by milling process of the Fe-Si powder
[1]. Soft magnetic properties of the Fe-Si alloys can be recovered by annealing.
Among the electromagnetic properties of the soft magnetic materials electrical
resistivity can be a dominant parameter when those were used beyond several
megahertz frequency. However, it is impossible to measure the electrical resistivity
of the flake. Instead the effects of annealing on the electromagnetic properties of 500
nm Fe-4,12%Si sputtered films were investigated because it can be assumed that the
initial state of the mechanically milled flakes is similar to that of the as-sputtered
films. Also, it is very interesting that electrical resistivity of the Fe-11%Si alloys is
greatly varied depending on annealing condition [2]. Figure 1 shows the electrical
resistivity of the Fe-Si films with annealing temperature. In our previous results
permeability of the Fe-12%Si sheets annealed at a relative low temperature of 350oC
at 13.56 MHz was highest, which could not be explained by residual stress relief,
random anisotropy model and other magnetic anisotropy. The increase of the
resistivity of the Fe-12%Si films is related with the evolution of the DO3 ordered
structure. Meanwhile the resistivity of the Fe-4%Si films decreased monotonously
with annealing temperature, which is
due to both disappearing of dislocation
and non-existence of DO3 or B2 ordered
phases. Magnetic properties such as dc
hysteresis and permeability at several
gigahertz as well as changes of the FeSi films analyzed by an XRD equipment
with a high power of 9 kW will be
presented at conference site.

Fig. 1 Variation of the resistivity of
the Fe-Si films with annealing
temperature.

[1] E-H.Hong, M-S Kim and J-G Koh, J. Korean
Phy. Soc., 53, 2086-2089 (2008)
[2] M. Nakao and T. Nakamura, J. Jpn. Inst.
Metals, 37, 737-745(1973)
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Complex oxide Ba2In2O5 is known to exhibit oxygen ion conductivity in dry
conditions and predominantly proton conductivity at temperatures below 400oC in
wet atmosphere. The widely studied possibility to modify structure and transport
properties of the oxides is homogeneous (iso- or heterovalent) doping. The
preparation of composite materials (heterogeneous doping) is another way to
improve electrical properties of the compounds.
In this study the composite effect (the phenomenon of the increase in the
conductivity relative to the partial sum of initial components conductivities) was
detected in the systems Ba2In2O5 – Ba2InMO6 (M=Nb, Ta).
The following experimental methods were used: ceramic method of synthesis
(800–1300оC, 5 stage); XRD analysis (Bruker Advance D8); microstructure studies
(JEOL JSM 6390LA scanning electron microscope); thermogravimetric analysis
(Netzsch STA 409 PC Luxx) combined with mass-spectrometry (Netzsch QMS
403C Aëolos); AC impedance spectroscopy (Elins Z-2000, frequency from 1 Hz to
1 MHz), electrical measurements were done in the temperature range 300–1000°C
versus oxygen partial pressure in wet (pH2O=2·10-2 atm) and dry (pH2O=3·10-5 atm)
atmospheres.
The attempt of partial substitution of indium by niobium or tantalum with
formation of solid solutions Ba2In2–xMxO5+x was found to be unsuccessful. The
samples are not single-phase and contain two components: brownmillerite phase
Ba2In2O5 and perovskite phase Ba2InNbO6 (or Ba2InTaO6). The systems
(1x)Ba2In2O5·xBa2InMO6 (M=Nb, Ta) were shown to be eutectic and the specific
microstructure of the composites is formed after treatment at the temperature of
eutectic melting (at 1400 oC).
The samples keep possibility to water intercalation. The water uptake decreases
with increasing x proportionally to the Ba2In2O4(OH)2 content.
The composites (1-x)Ba2In2O5·xBa2InMO6 were found to exhibit significant
conductivity increasing (up to 2 order of magnitude) in the range of small secondphase concentration x≤0.2 and maximum in the conductivity is found for composite
with x = 0.2 (σ=1·10-3 S/cm at 400oC in wet atmosphere for Nb-system). The
composites with small amount of Ba2InMO6 phase are predominately oxygen ion
conductors in dry air atmosphere and proton conductors in wet conditions below 500
o
C. The effect of value increasing is observed for oxygen ion conductivity as well as
for proton conductivity. The composite effect is probably a result of the specific
microstructure formation of the eutectic mixture.
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Sr2FeNbO6 complex oxide having a structure of the double perovskite (A2BB’O6)
attracts considerable attention due to its high stability under reducing conditions and
sufficiently high values of the electron and oxygen-ion conductivities, which makes
it a perspective anode material for SOFC [1]. The formation of its structural analog Sr2FeTaO6 [2] is also known, but features of its defect structure and electric-physical
properties at high temperatures have not been studied so far.
The present work is devoted to the study of Sr2Fe1–xTa1+xO6 (x=0.04, 0, 0.04,
0.1) complex oxides. These compounds have been synthesized by means of solidstate reaction in air at the temperatures of 1200 – 1500°С. The resulting samples
were examined by X-ray diffraction, pycnometry, Mössbauer and Raman
spectroscopies, coulometric titration. Conductivity and thermoelectric power
measurements were made depending on the oxygen partial pressure and
temperature.
According to X-ray diffraction data, all the samples have a tetragonal structure
with space group I4/mcm characteristic of double perovskites. Mössbauer
spectroscopy data indicate the absence of iron ions in oxidation states +2 in
Sr2Fe0.9Ta1.1O6. Analyses of X-ray and pycnometric densities of Sr2Fe1–xTa1+xO6
samples obtained under oxidizing conditions have shown that the excess tantalum
charge for х > 0 is compensated by the formation of cation vacancies in strontium
sublattice.
The results of conductivity measurements of Sr2Fe1–xTa1+xO6 oxides in the
oxygen partial pressure range 10–19 – 0.5 atm show a change in domination
conductivity in Sr2Fe1.04Ta0.96O6– from hole to electron ones of. In the compositions
x=0, 0.02, 0.10 over the entire investigated temperature range the electronic charge
carriers of n-type dominate, they are formed by the disproportionation of Fe3+ ions
into Fe2+ and Fe4+ or in the result of reduction of Fe3+ ions to Fe2+ at the low oxygen
pressures.
[1] S. Tao, J. Canales-Vázquez, J.T.S. Irvine, Chem. Mater., 16, 2309–2316 (2004)
[2]. E.-L. Rautama, T.S. Chan, R.S. Liu, J.M. Chen, H. Yamauchi, M. Karppinen, J. Solid State Chem.
179, 111–116 (2006)
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D. S. Patil1*, M. S. Konale2, J. Kolar1, V. Zima2,3, T. Wagner1
1

Department of General and Inorganic Chemistry, Faculty of Chemical
Technology, University of Pardubice, Studentska 95, Pardubice, 53210, Czech
Republic
2
Joint Laboratory of Solid State Chemistry, Faculty of Chemical Technology,
University of Pardubice, Studentska 95, 532 10 Pardubice, Czech Republic
3
Institute of Macromolecular Chemistry, Academy of Sciences of the Czech
Republic, Heyrovsky Sq. 2, 162 06 Prague 6, Czech Republic
*
The corresponding author’s e-mail: deepak.patil@student.upce.cz
Keywords: ionic conductivity, chalcogenide glasses, impedance study, random-walk
model
Chalcogenide glasses have considerable attention due to their IR transparency,
optical non-linearity, and ionic conductivity. Metals such as Li, Ag, Cu or their
halide forms (such as LiI, AgI or CuI) doped chalcogenide shows ionic conductivity,
which could be used as solid electrolytes in batteries, sensors and non-volatile
memories. Li-containing glasses are of more interest for solid electrolytes due to
their high conductivity, high power density, and high recycling properties. In fact,
ChGs containing LiI, such as LiI-Li2S-GeS2-Ga2S3, are one of the best solid state
electrolytes known up to date. Even though such high interest, the mechanism of
conductivity as well as quantitative measurement of number of carrier ions,
diffusion coefficient are not well studied of such solid ionic conductors [1,2].
In the present work we studied the ionic conductivity behavior of LiI-Ga2S3-GeS2
chalcogenide system by a random-walk (RW) approach [3,4]. The samples of
composition xLiI–xGa2S3–(100−2x)GeS2 (x=15, 20, 25) and 20LiI–xGa2S3–
(80−x)GeS2 (x=0, 5, 10, 15, 20) were prepared by J. Kolář et al., as mentioned in
[2]. The conductivity of these glasses increases with various temperature and
follows the arrhenius law. We also observed that first set of samples xLiI–xGa2S3–
(100−2x)GeS2 shows the linear increment of conductivity with the amount of LiI but
the second set shows the non-uniform distribution of conductivity with Ga2S3
content. The activation energy was found to decrease from 0.43 to 0.32 eV with
increasing LiI content from 15% to 25% but such trend were not observed in second
set of samples. These results are very consistent with the values obtained by
Equivalent Electric Circuit (EEC) approach. In addition to these we also calculated
number of mobile ions as well as diffusion coefficient using above mentioned RW
approach.
[1] M. Tatsumisago, F. Mizuno, A. Hayashi, J. Power Sources 159, 193–199 (2006)
[2] J. Kolář, T. Wágner, V. Zima, Š. Stehlík, B. Frumarová , L. Beneš, M. Vlček, M. Frumar, S.O.
Kasap, J. Non-Crystalline Solids 357, 2223–2227(2011)
[3] D. S. Patil, K. Shimakawa, V. Zima, J. Macak, and T. Wagner, J. App. Phys. 113, 143705 (2013)
[4] D. S. Patil, K. Shimakawa, V. Zima, and T. Wagner, J. App. Phys. 115, 143707 (2014)
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Two days before the 150th birthday anniversary of Gustav Klimt, the long lost
masterpiece of art “Trumpeting Putto” was discovered in Upper Austria in a garage (see
Figure 1).
Fig. 1 Selection of the Klimt artwork “Trumpeting
The artwork was
Putto” with top layer from the 1950ies (below
created in the early
restoration borderline, e.g. belly) and partially
1880ies and used as a
restored original layer from the 1880ies (above
representative
master
restoration borderline, e.g. wings).
piece in the entrance of
Fig. 2 Room temperature 57Fe Mössbauer
the
“Künstlerbackscattering spectra of some of the
points studied. (a) green point in a non
Compagnie” from 1883
restored local, (b) red point belonging to
till
1892
in
the
the scarf, (c) brown-ochre point belonging
Sandwirtgasse 8 in
to the right wing in a non restored area.
Vienna.
After
the
second world war in the 1950ies in an dilettantic restoration attempt the freco was
painted over in different technic and mainly different pigments. A compilation of
scientific methods are used investigated this Klimt artwork. Among them are the UVVIS, X-ray emission portable, 2D-X-ray, 3D-X-ray, Mössbauer spectroscopy, and
Raman spectroscopy. Several methods of how to unhide the hidden Klimt are discussed.
The MIMOSII Fe-57 Mössbauer Spectroscopy [1] was applied to identify the iron
containing materials in the artwork. Mössbauer spectra were recorded at room
temperature with a MIMOS II spectrometer detecting both 6 keV and 14.4 keV radiation
in backscattering mode. Figure 2 shows three Mössbauer spectra corresponding to points
of different colours. The spectra (a) and (c) are the sum of spectra of 6 keV and 14 keV
for the same measured point, as there is no difference between these spectra from
different energies. The spectrum (b) is only the one of 6 keV. In spectrum (a) only
Lepidrocite (-FeOOH) is observed. In spectrum (b) it is seen Lepidrocite, nano-goetite
(-FeOOH), crystalline hematite (-Fe2O3), and a possible mixture of nano goetite and
hematite. In spectrum (c) it can be distinguished Lepidrocite, crystalline goetite, nano
goetite and crystalline hematite. Also a possible mixture of nano goetite and hematite is
observed in this case. In general, for the browns, in the parts that have not been covered
with new paint, crystalline goetite is observed, while in the repainted parts the browns
do not show crystalline goetite. Preliminary results from the on-going scientific
investigation will be presented. Members of the Klimt science team will discuss further
plans.
[1] G. Klingelhöfer et al, JGR, 108 (2003) 8067; [2] E. Murad, Hyp Inter 111 (1998) 251-259; [3] B.
Keish, Journal de Physique, Colloque C6, sup 12, Tome 35 (1974) C6-151; [4] "Roman wall
painting, Materials, techniques, analysis and conservation" , H. Bearat, et al. Proceedings of the
International workshop Fribourg, March 19
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X-RAY PHOTOELECTRON SPECTROSCOPY DEPTH ANALYSIS
OF Al-DOPED ZnO THIN FILMS POST-TREATED BY
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Thin films of Al-doped zinc oxide (AZO) deposited on glass substrate using the
RF magnetron sputter method were post-treated with inductively coupled plasma to
enhance the electrical properties of the film. The effects of plasma treatment time
and plasma power on the electrical properties of the films were investigated. The
crystal structures deposited on the films were characterized by XRD. The resistivity
and optical transparency of the films, which are important for its application as a
TCO (transparent conducting oxide) material, were measured using the Hall
measurement and a UV-VIS spectrophotometer, respectively. Depth-profiling
atomic compositions of the films were analyzed with X-ray photoelectron
spectroscopy (XPS). The resistivity of the films decreased after plasma treatment
from 7.9×10-3 Ωcm to 3.73×10-3 Ωcm without any significant change in the optical
transparency. Carrier mobility in the AZO films increased with plasma power up to
about 2.2 times that of as-deposited film, while carrier concentrations were nearly
constant. From these results, it is confirmed that the enhancement in electrical
conductivity of the AZO films is due to increased carrier mobility during treatment
of the AZO films with plasma. It was found that the atomic compositions of as
deposited film were constant over the entire film depth representing Al 3% dopedZnO. However, those of the film plasma treated for 30 min showed an important
change in the uppermost surface region; Al content increased from 3% to 15%,
while Zn content decreased from 48% to 30%. These results reveal that Al and Zn
atoms were segregated toward the film surface during the plasma treatment, and it
was assumed that these phenomena resulted in the increase of electrical conductivity
of the AZO thin films. These segregation effects and the segregation depth increased
with plasma treatment time, though the resistivity ratio was minimal when AZO film
was treated in plasma conditions for 45 min.
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APPLICATIONS
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By restricting the dimensions of silicon to less than Bohr radius of bulk
crystalline silicon (∼5 nm), quantum confinement cause its effective bandgap to
increase. Therefore, silicon quantum wells (QWs) using these quantum phenomena
could be a good candidate to achieve high performance silicon solar cells [1-4].
The Si/Al2O3/Si QW structures were fabricated by using the successive
deposition technique, as quantum confinement device to increase the effective
energy bandgap and passivation effect in Si surface for the 3rd generation solar cell
applications. The Diisoprophylaminosilane, which is an aminosilane precursor, was
used as a silicon material source. Silicon films and Al2O3 films were fabricated by
remote plasma enhanced chemical vapor deposition technique and remote plasma
atomic layer deposition method, respectively.
In Si/Al2O3/Si QWs structures, the thicknesses of Si layers and Al2O3 layers were
varied between 1 to 5 nm, respectively.
The roughness of deposited Si on Al2O3 was less than 4 Å in the thickness of 2
nm.
By using the Al2O3/Si QW structures on Si surfaces, the lifetime measured using
u-PCD technique increased by more than twice as a result of passivated surface
effects.
The discussion about the other properties such as electrical and optical properties
of the QWs structures as well as the fabricated solar cells will be presented at the
conference.
[1] Z.-H. Lu, D. J. Lockwood, and J.-M. Baribeau, Nature, 378, 258-260 (1995)
[2] G. Conibeer, M. Green, E.-C. Cho, D. König, Y.-H. Cho, T. Fangsuwannarak, G. Scardera, E. Pink,
Y. Huang, T. Puzzer, S. Huang, D. Song, C. Flynn, S. Park, X. Hao and D. Mansfield, Thin Solid
Films, 516(20), 6748-6756 (2008)
[3] D. J. Lockwood, Z. H. Lu, and J.-M. Baribeau, Physical Review Letters, 76(3), 539-541 (1996)
[4] L. Pavesi and D. J. Lockwood (Eds.), Silicon photonics, Springer, Berlin, 94, 1-50 (2004)

130

II. Electric and magnetic aspects - POSTER

DIELECTRIC PROPERTIES OF POLYMER MATRIX
COMPOSITES WITH MECHANOCHEMICALLY SYNTHESIZED
BARIUM TITANATE
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Materials showing a high value of the dielectric permittivity (ε') such as BaTiO3,
Pb(Zr-Ti)O3 are now one of the key materials in the electronics industry. Moreover
their brittleness and challenging processing conditions impede their use as
embedded capacitors and high energy storage devices [1, 2].
On the other hand, polymers have the advantage of easy processing and
mechanical flexibility, however they have a very low value of dielectric permittivity.
The polymer matrix composites (PMCs) filled with ceramic powders combine
the properties of polymers, such as high flexibility, strength and ease of forming
with the high electroactive functional properties of ceramic materials [3]. The
electrical properties highly depend on selected components (thermosetting or
chemosetting resin, type of ceramic filler). One of the crucial factors is the filler to
matrix ratio and degree of composition homogeneity [4, 5].
Different amounts of mechanochemically synthesized BaTiO3 was
homogeneously dispersed in an epoxy resin [6, 7]. We report the details pertaining
to the characterization of the PMCs with high dielectric constants.
Acknowledgement
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[1] H. Tang, Y. Lin, H.A. Sodano, Adv. Energy Mater., 3 451-459 (2013)
[2] A.P. Barranco, Advances in Ferroelectrics, InTech, Rijeka, (2013)
[3] H.Y. Zhang, L.X. Li, Y.P. Shen, Int. J. Eng. Sci., 43, 13-14 (2005)
[4] E. Koray Akdogan, M. Allahverdi, A. Safari, IEEE Transactions on Ultrasonics, Ferroelectrics,
and Frequency Control, 52 (5), 746-775 (2005)
[5] J. A. Hossack, B. A. Auld, IEEE Ultrasonics Symposium Proceedings, 2, 945-949 (1995)
[6] P. Dulian, W. Bąk, K. Wieczorek-Ciurowa, Cz. Kajtoch, Mat. Sci.-Pol. 31, 462-470 (2013)
[7] M. Sopicka-Lizer (Eds.): High-Energy Ball Milling: Mechanochemical Processing
of Nanopowders (Woodhead Publishing Ltd., Cambridge UK 2010)
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SYSTEM FOR ELECTRIC PROPERTIES OF SOLIDS UNDER
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The pressure-temperature control system for electrical properties, kinetic and
transport measurements of solids in helium gas environment is presented. The
system, working in the pressure range up to 700 MPa and temperature range from 77
K up to 500 K, allows for measurements of electric properties of solids as a function
of temperature, pressure and time by means of impedance spectroscopy. In order to
illustrate the technical possibilities of the system, selected data concerning, the
effect of hydrostatic pressure on conductivity of the (NH4)3H(SeO4)2 crystal has
been presented.
The crystal exhibits a rich sequence of phase transitions: trigonal phase I (R 3
m) Tc1=332 K, trigonal phase II (R 3 ) Tc2=302 K, triclinic phase III (P 1 ) Tc3=275 K,
monoclinic phase IV (C2/c) Tc4= 181 K, monoclinic phase V (Cc) Tc5= 101 K [1]. In
the high temperature phases I and II the TAHSe crystal exhibits superionic
conductivity related to the statistical distribution of protons over the crystal lattice
with the virtual hydrogen bond network. Below superionic phase transition the
hydrogen bonds are frozen-in, forming the dimer pattern [2].
In this contribution the measurements performed along the direction
perpendicular to the plane in which, in the superionic phases, a dynamically
disordered H-bond network is formed. The pressure-temperature phase diagram is
proposed. Additionally, activation volumes for the crystal in different phases are
evaluated and discussed.
Acknowledgment
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[1] J. Wolak, A. Pawłowski, M. Połomska and A. Pietraszko, Phase Transitions. 89 182 (2012)
[2] A. Pietraszko, B. Hilczer and A. Pawłowski, Solid State Ionics, 119 281 (1999)
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SYNTHESIS AND CHARACTERIZATION OF NANOSIZED
TITANIA DOPED WITH NOBLE METALS
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Titanium dioxide is stable, non-toxic and relatively inexpensive compound. It is
also well known due to its photocatalytic properties. Doping TiO2 with other
elements, i.e. noble metals, is one of the methods used to sensitize photocatalyst for
visible light.
Nanosized titania was obtained via mild hydrolisis of titanium isopropoxide
followed by evaporation of solvent and calcination of precursor. Soluble salts
of doping metals (gold, silver and
palladium) were introduced into Fig. 2: Dark field TEM image of Au/TiO2 catalyst
reaction mixture before evaporation of solvent.
Nanomaterials were characterized using various techniques like Scanning and
Transmission Electron Microscopy (SEM and TEM) or X-Ray Diffraction (XRD).
BET surface area and porosity were measured using adsorption methods.
Spectroscopic analysis of obtained photocatalysts was also performed.
Presented studies are a part of the project “MNT/SMARTPACK/2012”.
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Controlled synthesis of nanostructured metal oxides is of interest to chemistry
and materials science. Among metal oxides, alumina has special importance for
electronics and catalysis. The physicochemical properties of nanosized aluminum
oxide depend strongly on the form and morphology of nanoparticles.
Alumina samples showing different morphologies were synthesized using Me3Al
and Et3Al as starting materials. The alumina trialkyls were transformed into
precursors under various conditions. The precursors then underwent thermal
decomposition in air yielding white alumina powders. The samples were
characterized using Scanning Electron Microscopy (SEM) and adsorption methods.
Four various structures of the alumina depending on the kind of starting
aluminum trialkyl and the conditions of their transformation into precursors were
obtained. Sample SEM images of two different products are presented below.

Fig. 1. SEM images of sponge-like (left) and wool balls-like alumina particles
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Presented work deals with the preparation and studying of the colour possibilities
of inorganic pigments with perovskite structure based on SrCeO3 doped by the
element from lanthanide group - terbium. The main aim was to propose, verify and
elaborate the optimal composition of the mixed metal oxide pigments which will
lead to formation of powders with saturated yellow-orange shades.
SrCeO3 crystallizes with the GdFeO3-type perovskite structure, which is distorted
from the cubic prototype as a result of the mismatch in sizes between a large A
cation and small B cation. The distortion in SrCeO3 is one of the most pronounced
observed, with a tolerance factor (t = 0.886) at the lower limit for perovskites.
Substitution of the trivalent cation on the Ce site was analyzed according to the
standard “acceptor-doping” defect reaction, with the creation of oxygen vacancies as
charge compensating defects. For substitution on the Sr site, two possible
compensation mechanisms were investigated, corresponding to the creation of cation
vacancies and the consumption or “filling” of oxygen vacancies in the
SrCe0.9Yb0.1O2.95 system [1,2].
The effect of compositions and therefore the charge compensation on the optical
properties of terbium doped SrCeO3 was investigated. Three series of pigments with
different compositions were prepared by solid state reaction from SrCO3 (96 %, ML
Chemica) CeO2 (99.5 %, ML Chemica) and Tb4O7 (99.9 %, ML Chemica) in the
appropriate stoichiometric ratios at temperatures 1150 and 1250 °C. Compositions
of powders can be described by general formulas SrCe1-xTbxO3-δ, Sr0.96Ce1-xTbxO3-δ
and Sr1-xCeTbxO3+δ, where x = 0.1 to 0.3.
The colour properties of the pigments were evaluated in the colour space CIE
L*a*b* after their application into organic bonding system. The values of colour
coordinates L*, a* and b* were calculated from the shape of the reflectance curves
from 400 to 700 nm. In addition to the investigation of colour properties of prepared
perovskite pigments, their phase and granulometric composition and phase
composition was also studied. Thermal treatment of samples by heating microscope
shows their thermal stability up to 1350 °C. The results of this study prove that all
these materials can be used as inorganic pigments for colouring of organic bonding
systems, ceramics or paints.
[1] G.C. Mather, S. García-Martín, D. Benne, C. Ritter, U. Amador, J. Mater. Chem., 21, 5764-5773
(2011)
[2] G.C. Mather, M. Saiful Islam, Chem. Mater, 17, 1736-1744 (2005)
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Thousands of papers are published every year on titanias for photocatalysis and
energy-related applications, most of them on incremental improvements on the two
main strategies (doping and sensitization). There is an urgent need for a new and
disruptive technology which will allow for the engineering of the band gap of
semiconductors using a rational design approach. Preliminary results, based on a
new technique we recently developed, suggest that the integration of crystal
disruptors in TiO2 allows for the fine tuning of its electronic structure, significantly
improving their photocatalytic performance in the visible range[1]. By using this new
synthetic strategy, novel organotitania materials have been prepared by cocondensation of a titanium precursor, TBOT, with several organic compounds, i.e.
4,6-dihydroxypyrimidine (DHP) and p-phenylenediamine (PPD), among others, and
a ruthenium complex in mild conditions and in absence of surfactant.[1,2] This new
strategy allows the homogeneous incorporation of organic and metallic moieties
(disruptors) within the crystal structure of titania. When PDD and a ruthenium
complex are used as disruptors, two titanias have been obtained with a remarkable
reduction of its band gap, exhibiting outstanding photocatalytic activity under
visible light.[1,2]

Figure 1. DRUV spectra (left), schematic illustration of the density of states (DOS),
obtained from DRUV and XPS valence band gap spectra, (middle) and recycling
tests in the degradation reaction of an aqueous solution of Rhodamine 6G (5*10-5
M) under visible (400 W) irradiation using the black titania (TiO2-PDD).
[1] M. Rico-Santacruz, A.E. Sepúlveda, E. Serrano, J.R. Berenguer, E. Lalinde, J. García-Martínez,
Spanish Patent 20130535 (2013)
[2] M. Rico, E. Serrano, A.E. Sepúlveda, J.R. Berenguer, E. Lalinde, J. Garcia-Martinez, “ Band gap
reduction in titania via crystal disruption” Advanced Materials (2014), sent for publication

136

III. Applications of inorganic and organometallic materials - POSTER
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Bulk glasses Ge30Se(70-x)Tex (x = 0, 10, 20) have been prepared by melt
quenching method and the amorphous nature of the samples has been determined by
XRD. Thin films have been prepared by vacuum thermal evaporation from the
corresponding bulk glasses and their morphology has been studied by XRD, SEM
and TEM. The compositions have been checked by energy dispersive X-ray
analyzer.
Glass transition of bulk glasses, Tg, decreases with increasing Te content. For
Ge30Se70 Tg = 338 oC (Cp = 0. 221 J/(g oC)), for x = 10 Tg = 315 oC (Cp = 0.181
J/(g oC)) and for x = 20 Tg = 284 oC (Cp = 0.164 J/(g oC)). From undercooled melt
of Ge30Se70 bulk glass crystallized monoclinic GeSe2 at Tc = 522 oC. With increasing
Te content crystallization temperature falls down to Tc = 400 oC for x = 20 and
besides monoclinic GeSe2 also germanium selenide telluride (GeSeTe) and
hexagonal Te were found by XRD. Thermal parameters (T g, Tc) obtained for bulks
were higher compared with these for thin films.
The refractive index, n, and thickness, d, of the thin film were calculated from the
interference extrema in the transmission spectra using the Swanepoel method [1].
Thin films were also characterized by width of optical gap. E gopt (x = 0) = 2.02 eV,
Egopt (x = 10) = 1.58 eV, Egopt (x =20) = 1.36 eV.
Raman spectra of bulks, thin films on the substrate and the films scratched of the
substrate were discussed on the base of “outrigger raft” model [2]. The structure can
be described by the idea of edge-shared and corner-shared tetrahedra GeSe4/2, mixed
corner-shared tetrahedra GeSe(4-x/2)Tex/2 and Se-Se structural motif.
Acknowledgement
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The corrosion resistance of two different polycrystalline materials (Si 3N4,
SiAlON) by molten iron at 1600°C in nitrogen atmosphere has been investigated.
Silicon nitride reacts with molten iron very rapidly and after 30 minutes of attack the
weight loss about 46% has been observed. The SiAlON exhibited the improved
corrosion resistance where the only 12.6% of weight loss has been measured after 8
hours of corrosion exposure. Better corrosion resistance of SiAlON compared to
silicon nitride is caused by the formation of protective layer of Al 2O3 in the initial
stage of corrosion test. The iron silicide and aluminium oxide were the main
corrosion products in the case of both the Si3N4 and the SiAlON materials,
respectively. In the present work the influence of exposure time (2, 4, 8 hours) on
the residual strength of the polycrystalline materials has also been estimated. The
strength of the SiAlON after 8 hours of corrosion was only 20% (33 MPa) of the
initial strength of the same material before corrosion. The mechanical properties of
corroded Si3N4 were impossible to estimate because of the extent of the corrosion.
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ZnO nanosheets are prepared by thermal decomposition of delaminated layered
zinc hydroxide intercalated with dodecyl sulfate. The resulting nanoparticles with
platelet morphology have large surface of high-energy {001} facets [1]. Nanometric
thin ZnO films were prepared by 2 different methods: dip-coating and inkjet printing
of colloidal ZnO nanosheets dispersions on glass plates. The side-by-side alignment
of the ZnO nanosheets on the substrate resulted in thin, transparent, oriented ZnO
surfaces with the {001} facets exposed. The method of nanosheet deposition
affected the film morphology; the dip-coated films were very smooth and
nonporous, while the inkjet-printed films were rough and had a surface area in the
range of approximately 100–160 m2 g-1. For photocatalytic activity determination 4chlorophenol degradation was used. The first-order rate constants on the nanosheetbased films were approximately two times larger than those on nanocolumnar ZnO
films or ZnO films prepared by the sol-gel technique. We attribute the high
photocatalytic activity of the ZnO nanosheets to the fact that their {001} facets were
predominantly exposed to the oxidized substrate. This surface arrangement and the
simplicity of fabricating the ZnO nanosheet-based films make them promising for
the construction of optical devices and dye-sensitized solar cells [2].
[1] J. Demel, J. Pleštil, P. Bezdička, P. Janda, M. Klementová, K. Lang, J. Phys. Chem. C, 115, 24702
(2011)
[2] J. Hynek, V. Kalousek, R. Žouželka, P. Bezdička, P. Dzik, J. Rathouský, J. Demel, K. Lang,
Langmuir, 30, 380-386 (2014)
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Zero valent iron (ZVI) particles of nanoscale size are very promising for
environmental remediation technologies and solutions to current problems in the
environment. They are of large surface areas, high reactivity, and appropriate
flexibility for applications in the transformation of ecological contaminants. Intense
research activities towards investigation of ZVI in removal of chlorinated pollutants
in soil matrices cover about recent 15 years, looking for financially acceptable
solution for polluted environment. In contrast to traditional long-term approaches,
this is an innovative method currently accomplishing a high commercial in many
countries worldwide. The principle of dechloration via this method is in redox
reactions occurring between the reduced forms of Fe (Fe0, FeII), acting as electron
donors, and the organic or inorganic electron acceptors. The necessary condition is
that the contaminant is adsorbed on the surface of iron species or their closest
vicinity to enable electron transfer. Transformation of iron is consecutively
accompanied by formation of new oxidized products, such as Fe ions in solution and
insoluble Fe-precipitates, such as Fe(OH)2, Fe(OH)3, Fe3O4, Fe2O3, FeOOH,
Fe5HO8·4H2O and green rusts. An increase of solution pH is common as either
protons are consumed or hydroxyl ions are produced.
Preliminary experiments with application of ZVI are being performed to test the
time dependencies of organic pollutants commonly present in contaminated soils in
contact with iron. Contact of hexachlorocyclohexane (HCH), polychlorinated
biphenyl (PCB), dichlorodiphenyltrichloroethane (DDT), and chlorobenzene with
soil and ZVI results in greater removal of pollutants when using more ZVI. This
trend is stronger for PCB and DDT than for the others. Reproducibility of the results
has been so far insufficient for more detailed analysis.
Fig 1 shows the dechlo-ration
achieved in 3 months
experiments with 5g ZVI /kg of
soil. This treatment removes the
contaminants.
This contribution is the result of the
project implementation: Investigation
and Verification of Catalytic Dehalogenation on Reactive Barriers Technologies - Treatment of Contaminated
Water from Polluted Industrial Sites
(ITMS 26240220078), supported by
the Research & Development
Operational Programme funded by
the ERDF.
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YELLOW PEROVSKITE PIGMENTS
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Inorganic pigments produced and marketed as fine powders are the integral part
of many decorative and protective coatings and are used for the mass colouration of
many materials including glazes and ceramic bodies [1]. Ceramic pigments are
basically white or coloured materials having high thermal stability and chemical
resistance in order to be used at high temperature [2].
White, yellow and green to brown pigments of BaSn1-x-yTbxSiyO3 type were
prepared, where SnO2, BaCO3 (alternatively BaSO4), Tb4O7 and SiO2 were used as
starting materials. The pigments were obtained by the conventional ceramic method.
The powder mixtures of starting materials were fired at 1300, 1400, 1500 and 1600
°C for 3h. The fired pigments were applied into organic binder. The colour
properties of these pigments were evaluated in colour space CIE L*a*b*
(ColorQuest XE, Hunter Lab, USA). The most interesting pigments were obtained
by firing at 1500 °C. Pigment particle size was measured in Mastersizer 2000/MU
(GB). Based on the obtained values of pigment particle size most pigments meet
parameters for the applicability of pigments to ceramic glaze. The pigment
characterisation was performed in Brucker difractometer D8 (Bruker, GB). X-ray
analysis confirmed perovskite structure BaSnO3 of the pigments.
Acknowledgement
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CaSO4:Dy/SILICA COMPOSITE AS THERMOLUMINESCENT
DOSIMETER
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Calcium sulphate doped with rare earth element as thermoluminescent material
(CaSO4:RE) has received extensive studies because its high sensitivity, thermal
stability and low cost/ease synthesis [1,2]. In order to obtain a dosimeter device, the
thermoluminescent material (TL) is embedded in a matrix that provides mechanical
strength, low hygroscopicity and enables the production of devices with different
sizes and shapes. Teflon is one of the few polymeric matrices that achieve these
requirements and can withstand the peak temperature necessary to stimulate
luminescence. However, Teflon absorbs more than 40% of the thermoluminescent
signal due to its opacity. In this context, we report the use of silica prepared by solgel process as an alternative matrix to incorporate the thermoluminescent active
material [2]. Single crystals of CaSO4:Dy (0.1% w/w) were grown via hydrothermal
treatment from an acid solution of calcium carbonate and dysprosium oxide, and,
afterwards, homogeneously dispersed in silica matrix obtained from pre-hydrolyzed
solution prepared by refluxing a solution containing TEOS, ethanol and water.
PXRD, SEM, EDS, FT-IR, TGA/DTA were used to characterize the composite
materials. The dosimeters were irradiated with gamma-ray supplied by a 137Cs
source and thermoluminescent measurements were registered in a conventional
instrument. X-ray diffraction patterns showed the maintenance of integrity
CaSO4:Dy single crystals into silica matrix. The glow curve (intensity of TL signal
vs. time) of SiO2/CaSO4:Dy composite presented a comparable response with
commercial TLD dosimeters. In addition, it was investigated the dependence of
water and volatile molecules on TL signal, as well as the sintering temperature.
Besides, spectroscopic properties were also investigated. Overall, this manufacturing
process in obtaining a dosimeter device based on sol-gel method can be useful in
radiation dosimetry either for personnel or environmental objectives.
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Al2O3 - ZrO2 - SiO2 REFRACTORY CORROSION IN BARIUM SODA
LIME SILICATE GLASS MELT
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Refractory corrosion during industrially glass melting results to presence of
inhomogeneities in final products. An understanding of the structure of refractories
and their reactions with glass can often lead to the more acurate definition of the
source of such defects within the glass furnace. The Al 2O3 - ZrO2 - SiO2 (AZS)
refractories are usually used in glass furnaces at tableware glass production.
In this work Al2O3 - ZrO2 - SiO2 refractory corrosion in barium soda lime silicate
glass melt in both, laboratory and also at industrially melting process have been
studied. Standard corrosion (static, dynamic and exudation) tests were provided on
the AZS refractory materials commonly used in the industrial practice. Three types
of materials with different content of ZrO2 were tested.
Detailed analysis of corroded refractory AZS materials taken from different parts
of melting tank after campaign is reported. The concentration profiles were analysed
by SEM and EDX. The test results show that the corrosion resistance of AZS
refractory materials rises with the content of ZrO2. Glassy phase composition in
samples from laboratory tests and samples taken from the furnace after campaign is
compared, too.
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In order to reduce the greenhouse effect, research on fuel cells and particularly on
SOFCs has been extensively developed as the only produced waste is water. One of
the main issues of SOFCs lies in the high operating temperature (800 ºC) that causes
rapid aging of the elements of the cell implying cation migration from one element
of the cell to another, causing the formation of a passive phase at the interface or
undesirable electronic conductivity in the electrolyte. Some research has been done
in-situ attempting to understand the degradation processes of the cell, investigating
the interaction between the different functional components. However most of these
studies were undertaken in conditions far from operating conditions, and on high
temperature SOFC materials when the future of SOFCs lies in lower operating
temperature materials in order to decrease aging effects.
In this work, we study in-situ in real operating conditions by neutron diffraction
the interaction between 2 promising IT-SOFC materials, La0.6Sr0.4Co0.2Fe0.8O3 and
Ce0.9Pr0.1O2- (CGO could not be used for this study as Gd has a large neutron
absorption cross section, and previous studies showed that CPO and CGO present
similar structural and transport properties). LSCF, CPO and then a mixture of the 2
materials were heated up to 600 ºC and phase evolution and impurity formation were
observed whilst applying different potentials (+0.5  +5.0 V and -0.5  -5.0 V) to
the material.

Ce0.9Pr0.1O2- a) lattice parameter and b) resistance evolution as a function of time
and voltage at 600 ºC.
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In recent years, a research of pigments is focused on the new inorganic
compounds, which can provide new various range of color. The emphasis is placed
on ceramic pigments with high chemical and thermal stability. The authors paid
attention to the conditions of high temperature synthesis of pigments based on tin
dioxide crystallizing in the tetragonal coordination [1]. Partial substitution of Sn
(IV) ions by chromium formed thermally stable pigment of the general formula Sn1xCrxO2. The compound is according to the CPMA classification known as Chrome
Tin Orchid Cassiterite with the numerical designation 11-23-5 [2]. There are three
types of chromium species in the Cr-doped cassiterite. The first of them consisting
of Cr (III) oxide clusters, next a small amount of CrO2 nanoparticles and Cr (IV)
ions dissolved in the lattice of cassiterite, which are responsible for the violet color
of this pigment [3]. The color scale ranges from pink through light purple to bright
and deep purple shades depending on the amount of chromium dopant.
The aim of this study was to influence their color properties in terms of stepping
up purple shades. Therefore as admixtures were chosen rare earth metals, which can
exist in the quadrivalent form.
The pigments Sn1-2xCrxLnxO2 (Ln = Ce, Pr, Tb, with x = 0.002; 0.005 and 0.01)
were prepared by classical ceramic method based on solid state reaction at
calcination temperature 1350, 1400, 1450 and 1500°C from powdered oxides SnO2
(Shepherd Color Company, USA), Cr2O3 (LACHEMA, s.r.o., Czech Republic) and
particular lanthanides oxides (Indian Rare Earths Ltd., India). Color properties of
prepared pigments depending on composition and calcination temperature were
determined after their application into organic matrix in mass tone (dispersive
acrylic paint) and medium-temperature ceramic glaze by spectrophotometer
ColorQuest XE (HunterLab, Inc. Reston, USA). Pigments were also evaluated for
their particle size distribution (Mastersizer 2000/MU, Malvern Instruments, Ltd.,
UK). The crystal structure of the powder material was studied by X-ray diffraction
analysis (diffractometer D8 Advance, Bruker, UK) subsequently.
Acknowledgment
This work has
SGSFChT_2014002.

been

supported

by

IGA

University

of

Pardubice

[1] D.R. SWILER, Kirk-Othmer Encyclopedia of Chem. Technol., 19, 1-40 (1996)
[2] CPMA. Classification and chemical descriptions of the complex inorganic color pigments. Fourth
Ed. Alexandria, Virginia: Color Pigments Manufacturers Association, 22 (2010)
[3] E. LOPEZ-NAVARRETE, A. CABALLERO, V.M. ORERA, F.J. LÁZARO, M. OCAÑA, Acta
Materialia, 51, 2371-2381 (2003)

145

III. Applications of inorganic and organometallic materials - POSTER

CATHODE MATERIALS (100-y)PrBaCo2-xFexO6-δ – yCe0.8Sm0.2O2
(x=0-0.6; y=0÷30) FOR INTERMEDIATE TEMPERATURE SOFCS
N.S. Tsvetkova1*, I.L. Ivanov1, D.S. Tsvetkov1, A.Yu. Zuev1
1
*

Ural Federal University, Lenin Av. 51, Ekaterinburg, 620000, Russia
The corresponding author’s e-mail: Nadezhda.Tcvetkova@urfu.ru

Keywords: double perovskite, SOFC, polarization resistance, thermal expansion,
total conductivity
The double perovskites with general formula RBaCo2O6-δ (where R is a rare-earth
element) are considered as promising cathode materials for intermediate temperature
SOFCs (IT-SOFCs) due to their high mixed ionic-electronic conductivity and rapid
oxygen transport [1]. Nevertheless, these layered compounds suffer from very high
thermal expansion coefficient (about 20·10-6 K-1) as compared to solid electrolyte
one (e.g. 12.3∙10-6 К-1 for Ce0.8Sm0.2O2) [2]. Mechanical mismatch between cathode
and solid electrolyte materials leads to cracks during SOFC operation and, as a
consequence, reduces its durability. The trade-off between electrochemical and
mechanical properties is possible to achieve by using composite cathode materials
[3]. Therefore, the main aim of the current work was to study cathode materials
based on PrBaCo2-xFexO6-δ (x = 0-0.6) and composite cathodes (100-y) PrBaCo2O6-δ
– y Ce0.8Sm0.2O2 (y = 10÷30 wt. %) in contact with Ce0.8Sm0.2O2 solid electrolyte.
Composite cathodes (100-y) PrBaCo2O6-δ – y SDC were prepared by mechanical
mixing of the PrBaCo2O6-δ and SDC powders in different weight ratio (y = 10 – 30
wt. %). The chemical reactivity test showed no reaction between double perovskites
PrBaCo2-xFexO6-δ (x = 0-0.6) and solid electrolyte SDC up to 1200 °C. It was found
that TEC and overall electrical conductivity of composite cathode materials (100-y)
PrBaCo2O6-δ – y SDC (y = 10÷30 wt. %) decreases with concentration of SDC. At
the same time electrical conductivity of composites maintains high enough for their
application in IT-SOFCs. On the other hand, the influence of solid electrolyte on the
ASR of composite cathodes is ambiguous. The general trend is a slight increase of
ASR for (100-y) PrBaCo2O6-δ – y SDC (y = 10÷30 wt. %) with concentration of
SDC in composite contrary to what was found for (100-y) GdBaCo2-xFexO6-δ – y
SDC (x=0, 0.2; y=0÷50) [4].
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Over the last few years there has been a significant increase in interest in the
fabrication and use of high porous materials. This is associated mainly with the
properties that materials offer, such as high surface area, high permeability, low
density, low specific heat, and high thermal insulation. These characteristics are
substantial for technological applications such as catalyst supports, filters or porous
implants in the area of biomaterials. Porosity, cell size and morphology are also
important factors that influence potential applications for these materials [1].
Characterization of the preparation method and properties of silicon nitride
cellular biomaterials for bone replacement were studied in this work. The aim of this
work is to achieve satisfactory microstructure and properties of these materials for
bioapplications such as human trabecular bone replacement. High porous ceramic
materials were prepared using replication method by infiltration of the silicon nitride
slurry into the polyurethane sponge. The samples were pre-sintered at 1100 °C in
air, subsequently re-infiltrated (two or three times) with suspension of Si3N4 and
different amount of SiO2 and sintered at 1250 °C in nitrogen atmosphere.
The results were compared with the properties of human trabecular bones. It was
found that the prepared porous biomaterials are suitable for bone replacement from
the viewpoint of microstructure that had been produced by replication method. It can
be concluded that mentioned preparation method is appropriate for usage in the preparation
of cellular materials for bio-application.
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Complex phosphates of the NaZr2(PO4)3 (NZP/NASICON, mineral analog is
kosnarite KZr2(PO4)3, sp. gr. R 3 c) structure type are well-known due to their high
thermal, hydrolytic and radiation stability.
These materials are characterized by flexible crystal structure, framework of
which is formed by PO4 tetrahedra sharing corners with LO6 octahedra. The NZP
structure has two types of framework cavity sites: M1, surrounded by six nearest O
atoms, and M2, surrounded by eight nearest O atoms.
In the present work, the phase formation, the concentration and temperature
stability regions of solid solutions in the M0.5(1+x)FexTi2-x(PO4)3 (M – Mn, Co, Ni, Cu,
Zn) systems have been studied. This work was performed with use of Shimadzu
scientific equipment.
The crystalline phosphates were synthesized by: (1) precipitating method without
using organic reagents and (2) Pechini method, based on the metal cations and αhydroxyl-carbonic acids complex formation. The obtained samples were white and
colored polycrystalline powders. The synthesis temperatures of the phosphates were
700–850°C, and the thermal stability of the studied samples was not less than 800–
950°C.
The XRD results showed that the studied phosphates formed solid solutions of
the NZP structure. A similar distribution of Bragg reflections in the patterns of
M0.5(1+x)FexTi2-x(PO4)3 with smooth changing in their relative intensities and 2
values over the solid solutions composition ranges have been observed. The
homogeneity limits were the least (0 ≤ x ≤ 0.3) in the case of Ni-system and the
largest for Mn-system.
The results of their electron microprobe analysis confirmed the homogeneity of
the single-phase samples and indicated that their compositions were close to the
theoretical values calculated for the general formulae.
The IR spectra confirm that investigated compounds belong to the NZP
orthophosphates class. The factor group analysis of the spectra has been performed.
To confirm the Fe3+ and Ti4+ isomorphic mixing in the NZP framework sites, the
crystal structure of triple phosphate MnFeTi(PO4)3 was refined by the Rietveld
method.
The obtained results illustrate the wide variety of isomorphic substitutions within
NZP structure, and the studied solid solutions may be considered as perspective
ceramic materials with special functions.
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Amidato ligands are widely used in transition metal coordination chemistry.
Reactions of amides with trialkylaluminum compounds are also systematically
explored. There are several coordination modes possible for an amidato group
coordinated to aluminum.
Contrary to the organoaluminum amidates, organogallium amidates are highly
unexplored.
We report herein the study on the reaction products from the treatment of
succinic acid amides and oxamides with gallium trialkyls.
Reactions of oxamides with R3Ga (R = alkyl group) lead mainly to the
complexes with a bicyclic skeleton framework consisting of two coplanar and fused
heterocyclic rings GaNOC2 and two gallium atoms [1]. Depending on the reaction
conditions formation of two structural isomers was observed.
The reaction of succinic acid N-tert-butylamide and tBu3Ga leads to the mixture
of products: 1a (dinuclear, dimeric) and 1b (dinuclear, monomeric) (Figure 1). In
the presence of the carboxylate group the amidato group was not deprotonated in the
reaction with organogallium compound.

Figure 1. Molecules of compound 1a (left) and compound 1b (right).
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The solubility in the three-component Cs2SO4NiSO4H2O system was studied at 25
C by the method of isothermal decrease of supersaturation. It has been established that
a double compound, Cs2Ni(SO4)2·6H2O, crystallizes from the ternary solutions within a
wide concentration range.
The infrared spectra of ammonium doped rubidium and cesium sulfate matrices show
three bands corresponding to 4 of the included ammonium ions (C1 site symmetry of
the host cations). However, the inclusion of ammonium ions in the rubidium and cesium
selenate matrices leads to the appearance of four bands in the region of 4. At that stage
of our knowledge we assume that some kind of disorder of the ammonium ions included
in the selenate lattices occurs due to the strong proton acceptor capability of the SeO42ions (stronger than that of the SO42- ions). This fact facilitates the formation of
polyfurcate hydrogen bonds by the ammonium ions in the selenate matrices, thus leading
probably to increasing in the coordination number of these ions, i.e. to a disorder of the
ammonium guest ions. The strength of the hydrogen bonds formed in the cesium Tutton
compounds as well as that of the hydrogen bonds formed in the rubidium and cesium
salts containing isomorphously included ammonium ions as deduced from the
wavenumbers of the water librations is also discussed. The bands corresponding to water
librations in the spectra of the mixed crystals M1.85(NH4)0.15Ni(XO4)2·6H2O (M = Rb,
Cs; X = S, Se) broaden and shift to lower frequencies as compared to those in the spectra
of the neat rubidium and cesium compounds, thus indicating that weaker hydrogen
bonds are formed in the mixed crystals. These spectroscopic findings are owing to the
decrease in the proton acceptor strength of the SO42- and SeO42- ions as a result of the
formation of hydrogen bonds between the host anions and the guest ammonium cations
(anti-cooperative or proton acceptor competitive effect). The SO42- guest ions included
in Cs2Ni(SeO4)2·6H2O exhibit three bands corresponding to 3 and one band
corresponding to 1 in good agreement with the low site symmetry C1 of the host
selenate ions. When the larger SeO42- ions are replaced by the smaller SO42- ions the
mean value of the asymmetric stretching modes  3 of the included SO42- ions are
slightly shifted to lower frequencies as compared to those of the same ions in the neat
sulfate compound due to the smaller repulsion potential of the selenate matrix (larger
unit-cell volume of the selenate). The extent of energetic distortion of the sulfate ions
matrix-isolated in the cesium nickel selenate matrix (approximately 2 mol%) as deduced
from the values of 3 and 3/c is compared with that of the same ions matrix-isolated
in the potassium, rubidium and ammonium nickel Tutton selenates.
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HYDROGEN BOND STRENGTH IN SOME BERYLLIUM
COMPOUNDS. CORRELATION BETWEEN STRUCTURAL DATA
AND INFRARED SPECTRA
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The crystal structures of some beryllium compounds, BeSO4∙4H2O, and
M2Be(XO4)2∙2H2O (X = S, Se; M = K, Rb), as determined from single crystal X-ray
diffraction data are presented and discussed. The structure of BeSO4∙4H2O is composed
of isolated Be(H2O)4- and SeO4 tetrahedra, which are interconnected by strong hydrogen
bonds. The crystal structures of the double salts are characterized by three-membered
chain fragments, composed of a central BeO2(H2O)2 tetrahedra sharing corners with two
SO4 tetrahedra. These bent [Be(SO4)2(H2O)2]2- units are linked by potassium and
rubidium ions and hydrogen bonds to double layers and further to a three-dimensional
framework structures.
Infrared spectra of compounds under study are presented and discussed in the regions
of the uncoupled O–D stretches of matrix-isolated HDO molecules. The strengths of the
hydrogen bonds are analyzed in terms of the respective Ow/O bond distances, the Be–
OH2 interactions (synergetic effect), the proton acceptor capabilities of the sulfate and
selenate oxygen atoms as deduced from Brown’s bond valence sums of the oxygen
atoms, the anti-cooperative effect (proton acceptor and proton donor competitive effect).
The infrared spectroscopic experiments reveal that comparatively strong hydrogen bonds
are formed in the compounds under study, analogical to other hydrated beryllium salts
owing to the large ionic potential of the small Be2+ ions. The intramolecular O–H bond
lengths are derived from the OD vs. rOH correlation curve.
The analysis of the infrared spectra reveals: (i) The water molecules in BeSO4∙4H2O
and in the double salts are strongly energetically distorted, i.e. their local molecular
symmetry deviates remarkably from C2v molecular symmetry. (ii) The hydrogen bonds
in K2Be(SeO4)2∙2H2O are stronger than those in K2Be(SO4)2∙2H2O due to the stronger
proton acceptor capability of the SeO42- ions. (iii) The proton donor strength of the water
molecules in K2Be(SO4)2∙2H2O and K2Be(SeO4)2∙2H2O is greater than that of the water
molecules in BeSO4∙4H2O and BeSeO4∙4H2O (i.e. larger deviations from Mikenda’s
curve) due to the different compositions of the respective beryllium tetrahedra Be(XO4)2(H2O)2 in the double salts and Be(H2O)4 in the simple ones (proton donor
competitive effect). (iv) The formation of stronger hydrogen bonds in K2Be(SO4)2∙2H2O
than those in the respective rubidium compound is owing to the smaller ionic size of K+,
which leads to stronger inter- and intramolecular interactions in the structure of the
potassium compound.
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Scanning electron microscopy (SEM) is one of the most powerful techniques for
studying of structured materials. The aim of this study is to extrapolate, interpret and
represent spatial data out of SEM images, taken from different angles. One well
known technique to recover the third dimension is the usage of stereoscopic images
which was described in this paper [1].
However, the described process for data interpretation is somewhat limited by the
initial observation conditions of SEM specimen. Stereo photography requires precise
compucentric tilting of the observed sample, so that during the tilt, image focal
points are preserved in the microscope viewport. This is difficult to achieve for some
SEM models, where the accuracy is linearly decreased, as the magnification
increases.
The aim of this study is to determine the most time and cost-effective method of
spatial surface reconstruction from SEM images, taken from semi-random angles.
Currently proposed solution is the VisualSFM software, which is an application for
spatial reconstruction using structure from sample motion. Using VisualSFM, the
images are analyzed for matching points and the camera angle is guessed for each
image. Based on this input, a surface is
reconstructed where the matching points
intersect and a colour value is assigned.
This produces results displayed in Fig. 1.
The quality of the results for the
described technique depends on several
factors, such as image contrast,
homogeneity, angle and shadow variation.
Influence of these factors is investigated
and recommendations for the best results
Fig. 1. Surface reconstruction
will be suggested later in this study.
from SEM imagery

[1] U. Schubert: Nanoparticles Embedded in Host Phases by Bottomup Syntheses"; International
Conference of Young Chemists  Nanochemistry and Nanomaterials, Vilnius University, Palanga,
Lithuania; 12072012  12092012; in: "Conference Program and Book of Abstracts", (2012),
ISBN: 9786094591389; 14
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In the semiconductor micro/nano-electronics industry, Fourier Transform
Infrared (FTIR) Spectroscopy has been widely utilized for studying the chemical
composition and bonding structure in various thin film dielectric materials. In
particular, FTIR has been extensively utilized to qualitatively investigate the type of
chemical bonding present in dielectric materials such as a-Si:H, a-SiO2, a-SiNx:H, aSiCx:H, and a-C:H.
The plasma CVD reactor with parallel plate electrodes was used for plasma
enhanced chemical vapor deposition of silicon carbide films on Si substrates.
Technological parameters for samples were: substrate temperature was 300 oC and
gas mixture was for sample K1(SiH4-7 ml/min, CH4-40 ml/min, Ar-10 ml/min) and
for sample K2(SiH4-4 ml/min, CH4-20 ml/min, Ar-10 ml/min, H2-100 ml/min). For
both samples RF power were 150 W and pressure 40 Pa. The concentration of
elements in films was determined by Rutherford backscattering spectrometry (RBS)
and elastic recoil detection (ERD) analytical method simultaneously. Chemical
compositions were analyzed by Fourier transform infrared spectroscopy (FTIR).
RBS and ERD results showed that the films contain silicon, carbon, hydrogen and
small amount of oxygen. IR results showed the presence of Si-C, Si-H, C-H, and SiO bonds. From the IR spectra of Sc1 and Sc2 films were determined the following
vibration frequencies: the band at 2800 to 3000 cm-1 is attributed to stretching
vibration of the CHn group in both the sp2 (2880 cm-1) and sp3 (2920 cm-1)
configurations. The band at 2100 cm-1 is due to SiHm stretching vibrations. The band
at 780 cm-1 can be assigned to Si-C stretching vibration. Furthermore, there exists a
small shoulder between 1000 cm-1 and 1100 cm-1 indicative of the existence of Si-O
bond. Main features of FTIR spectra were Gaussian fitted and identified.
Differences between two types of films were discussed.
Acknowledgement
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COORDINATION MODES OF PYRIDINE-2,3-DICARBOXYLIC
ACID RELATED TO Cu(II), Cd(II), Ca(II), Mn(II) AND Pb(II) IONS
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Pyridine-2,3-dicarboxylic (quinolinic) acid is a very interesting N,O-donor
ligand. It is a tryptophan metabolite of the kynurenic pathway and exerts neurotoxic
effects by activation of N-methyl-D-aspartate receptors. Molecule is a zwitterion
with one acidic hydrogen on nitrogen, and with an O–H O hydrogen bond between
two carboxylate groups [1]. It contains five potentially donor atoms, therefore can
form various coordination modes, from monodentate to μ2-bridging, μ3-bridging, μ4bridging and even μ5-bridging. It can acts as monodicarboxylate anion or doubly
deprotonated dicarboxylate anion (Scheme1), giving very interesting coordination
networks. The hydrothermal methods of synthesis usually give polymeric structures,
while using non-hydrothermal procedure can be obtained monomer or polymer [2].
M
O

N

M
M

O
HO

O

O

N

O

N

M
O

O
M

H

O
O

O

+

N

M
O

O

O

M

M

O

O

N

O
M

M
O

-

M

M

O

O

M

Scheme 1. Coordination possibilities of the 2,3-pydcH2 ligand
Here we report on the coordination possibilities of quinolinic acid related to
copper(II), cadmium(II), calcium(II), manganese(II) and lead(II) ions. According to
X-ray data for analyzed compounds different coordination modes of quinolinic acid,
e.g. chelating and μ2-bridging 2,3-pydcH for copper(II) and calcium(II), chelating
and μ2-bridging 2,3-pydc for cadmium(II), chelating 2,3-pydcH for manganese(II),
chelating and μ4-bridging 2,3-pydc for lead(II) complexes were observed.
Furthermore, structural data indicated that complex [Mn(H2O)6][Mn(2,3pydcH)3]2
exist as a cationic-anionic and [Cu(2,3pydcH)2]n, [Cd(2,3pydc)(H2O)3]n,
[Ca(2,3pydcH)2(H2O)3]n, [Pb(2,3pydc)]n are polymers.
[1] B. Barszcz, M. Hodorowicz, A. Jabłońska-Wawrzycka, J. Masternak, W. Nitek, K. Stadnicka,
Polyhedron, 29, 1191-1200 (2010)
[2] A. Jabłońska-Wawrzycka, M. Zienkiewicz, M. Hodorowicz, P. Rogala, B. Barszcz, Journal of
Thermal Analysis and Calorimetry, 110, 1367-1376 (2012)
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SrTiO3:Pr3+, Al3+ is one of the potential candidates of red phosphor materials in
field emission display (FED) applications [1, 2] due to high thermal and chemical
stability of SrTiO3 (with a cubic structure from -168 to 2080oC) [3]. For the FED
applications, the efficiency of luminescence relates with the factors of
crystallography, particle morphology, particle size and chemical composition [4]. In
this study, two different precursors, either adding nitric acid or citric acid, were used
to synthesize SrTiO3 phosphors doped with 0.2 mol% Pr and 23 mol% Al [1, 5],
using spray pyrolysis (SP). The as-prepared powders were annealed from 1000 to
1600oC for 1h. The phase composition, the size of crystallites, their morphology,
and luminescence properties were investigated by X-ray diffraction (XRD), Scherrer
equation, field emission-scanning electron microscopy (FE-SEM) and
photoluminescense (PL) measurements, respectively. The phosphors synthesized
from both precursors contained the SrTiO3 phase. Relative shrinkage of the crystal
lattice due to the presence of dopants (Pr and Al) was recorded. The largest
crystallite size was observed in the SrTiO3 phosphors annealed at 1200 and 1300 oC.
Finally, the correlation between PL intensity, temperature and the size of crystallites
was provided.
[1] S. Okamoto, H. Kobayashi, H. Yamamoto, J. Appl. Phys., 10, 5594-5597 (1999)
[2] K.-M. Choi, H.-S. Kil, Y.-S. Lee, D.-Y. Lim, S.-B. Cho, B.W. Lee, J. Lumines., 5 894-899 (2011)
[3] A. Okazaki, M. Kawaminami, Mater. Res. Bull., 5 545-550 (1973)
[4] A. Vecht, C. Gibbons, D. Davies, X. Jing, P. Marsh, T. Ireland, J. Silver, A. Newport, D. Barber, J.
VAC. SCI. TECHNOL. B, 2, 750-757 (1999)
[5] H. Yamamoto, S. Okamoto, H. Kobayashi, J. Lumines., 1-4, 325-332 (2002)
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Synthesis and characterization of oxalato – bridged complexes have attracted
much attention during the last few years due to the strong magneto – structural
correlations [1]. Appropriate multidentate oxalate ligands have been proved to be
good building blocks for the construction of coordination polymers [2].
In this framework it appeared to be interesting to study the condition of the
formation of oxalate copper (II) complexes and to investigate the influence of
neutral ligands on stoichiometry as well. Herein we report the synthesis and also Xray structural characterization of oxalate copper (II) complexes with imidazole based ligands.
In the compound K2Cu(ox)2 (where ox = oxalate anion, C2O42-) is the oxalato
ligand coordinated in tridentate manner forming distorted octahedral configuration
around Cu(II) ion. The complex (Hiz)2Cu(ox)2 (where iz = imidazole) has also
pseudo octahedral arrangement of Cu(II) ion, but tridentate oxalate anion has one
bidentate oxygen bridge.
The copper (II) ion is bridged by bis-bidentate oxalate anions in Cu(ox)(NBzliz)2 (where Bzliz = 1-benzylimidazole) forming chains in which Bzliz ligands
completed the octahedral O4N2 set.
The compound [Cu(ox)(Meiz)2] (where Meiz = 2-methylimidazole) contains a
distorted square pyramidally coordinated Cu (II) ion. The equatorial plane contains
two nitrogen atoms of imidazole - based ligands and two oxygen atoms from a
chelated oxalate ligand. The apical side is occupied by an uncoordinated oxygen
atom from an oxalate group on an adjacent complex.
The complex anion in (HMeiz)2[Cu(ox)2(H2O)] has square pyramidally Cu(II)
configuration, formed from four oxygen atoms of two chelating oxalate ligands and
axial place is occupied by oxygen atom of water molecule.
Acknowledgement
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Vanadium-phosphorous-oxide (VPO) system has been investigated as catalyst for
selective oxidation of alkanes. Among vanadium phosphate compounds, layered
alpha-vanadyl phosphate dihydrate, VOPO4·2H2O, is a common precursor for the
synthesis of VPO compounds such as vanadyl pyrophosphates [1,2]. In this context,
molybdenum containing intercalates of alpha-vanadyl phosphate dihydrate has been
prepared by refluxing method, and these intercalates were used as precursor of
vanadyl pyrophosphates synthesized via organic reduction in 2-butanol followed by
thermal treatment under nitrogen atmosphere. The precursors and pyrophosphates
were characterized by means of powder X-ray diffraction, scanning electron
microscopy, X-ray energy dispersive spectroscopy, infrared spectroscopy, Raman
spectroscopy, elemental analysis, and thermal analysis. For all intercalation
compounds with different Mo/V molar ratio, the diffraction patterns present welldefined peaks, with their intensities decreasing as amount of molybdenum raises,
suggesting a gradual loss of crystallinity, and a net reduction in the interlayer longrange order. It was investigated the formation of vanadyl hydrogen phosphate
hemihydrate (VHP), VOHPO40.5H2O, through reduction of the matrix for
comparison purposes and of the intercalation compounds with 2-butanol by
refluxing. The powder XRD patterns of the products from intercalation compounds
are quite similar to that obtained from the matrix, suggesting that the solids present
the same crystalline structure, and that the molybdenum ions do not affect
significantly, i.e., there are slightly distortions associated with replacement of the
vanadium ions by molybdenum ions in octahedra sites. The XRD patterns reveal
that the crystalline phase of vanadyl pyrophosphate (VPP), (VO)2P2O7, from vanadyl
hydrogen phosphate hemihydrate is present in the molybdenum ion doped VPP
product, indicating the adopted procedure leads to a pure phase solid, despite the
presence of dopants. The catalytic activity of the pyrophosphate molybdenum doped
was also investigated for oxidation of cis-cyclooctene using hydrogen peroxide and
iodozylbenzene as oxygen transfer. In general, the catalytic results are comparable to
those obtained with related systems suggesting the potential use for oxidation
reactions.
Acknowledgment
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Perlite is a hydrated acid volcanic glass with wide industrial applications due to
its remarkable properties. Perlites are often utilized in the form of expanded
materials produced by quick heating (900-1200°C). The quality of expanded perlite
depends on the technology of processing as well as on the qualitative parameters of
raw perlite, including water content and its binding within the material. The purpose
of this work is to investigate the amount of water present in perlite from Lehôtka
pod Brehmi (Slovakia) by infrared spectroscopy and to evaluate the water content
occurring in the raw samples taken from different parts of deposit.
The spectra of the samples show strong wide bands near 1060 cm-1 due to Si-O
stretching vibrations. The position of this band is influenced by chemical
composition of the perlites. If sodium is present, the Si-O band is shifted from, the
position characteristic for different forms of silica at 1100 cm-1 to lower
wavenumbers [1]. The bending Si-O vibration is present near 460 cm-1. Stretching
and bending vibrations of molecular water held in the structure as OH groups appear
near 3660 and 1600 cm-1, respectively. Thermogravimetric curves and near IR (NIR)
spectra were analysed to gain the amounts of water in the studied samples by two
independent methods. Thermal analysis confirms that the amount of water varies
between 3-5 % depending on the source location of the sample. The NIR spectra
exhibit the first overtone of OH groups near 7087 cm-1; the combination mode of
stretching and bending vibration of H2O gives the most intensive band at 5246 cm-1.
The band near 4500 cm-1 belongs to Si-OH combination mode of OH groups that
replaced oxygen within the framework of fused silica. Because the intensity of the
band at 4500 cm-1 is not influenced by water, the NIR spectra were normalized using
this band and the relative intensity of water combination band was analysed. The
samples where thermal analysis detected higher water content show also higher ratio
of the (ν+δ)H2O/(ν+δ)SiOH bands intensities indicating higher amount of water present.
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In this study, linear absorption, single-photon excited fluorescence, and
fluorescence quantum yields and single crystal diffraction, of a series of derivatives
4-dimethylamino, 4-diphenylamino, carbazole moiety attached to α,-unsatured
nitrile and pyridine group are presented, scheme 1. The derivatives are D-π-A type
dyes (D = donor, A = acceptor). The investigated compounds showed influence of
solvent polarity, the role of the molecular structure, and the molecular interactions
on their self-assembly behaviors and their optical properties.

Scheme 1
The study showed the importance of molecular self-assembling, when Rˈwas
methyl or carbazole the compound did not exhibit emission in solution whereas for
the Rˈ was phenyl the dyes exhibited stronger emission in solution and solid state [13]. The structure-property relationships are discussed employing time-dependent
density functional theory (TD-DFT) calculations.
[1] M. J. Percino, V.M. Chapela, M. Cerón, G. Soriano-Moro, M. E. Castro, F.J. Meléndez. J.Mol.
Struc.1034, 238-248, (2013)
[2] Percino, M. J.; Chapela, V.M.; Perez-Gutierrez, E.; Cerón, M.; Soriano, G. Chemical Papers, 65,
42-51.(2011)
[3] Perez-Gutierrez, E.; Percino, M. J.; Chapela, V. M.; Cerón, M; Maldonado, J. L.; Ramos-Ortiz, G.,
Materials, 4, 562-574, (2011)
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Clay minerals are natural nano-sized layered materials with industrially
important properties such as high surface area, high cation exchange capacity, and
swelling [1]. The layer of montmorillonite is created from two tetrahedral sheets
sandwiching an octahedral sheet. The central atoms in the tetrahedra are mostly Si IV,
while the octahedra contain AlIII, FeIII or MgII. The negative charge of the layers
resulting from the isomorphous substitution in the layers is balanced by
exchangeable cations (Na+, K+, Ca2+ and Mg2+). These cations are hydrated and
located in interlayer space and external surfaces [2].
Mechanical grinding of clay minerals is an important process occurring in
industry and nature. In nature, abrasion of minerals is one of the principal
weathering processes, recognized mainly in dry regions [3]. It causes substantial
changes of their structure, crystallinity, and properties [4].
The adsorption of amino acids on the surface of inorganic oxides and clay
minerals has been studied in various fields such as medicine, soil science,
geochemistry, preparation of biomolecules, and theories about the origin of life [5].
Immobilization of amino acids on clays is a suitable way for the preparation of
organoclays which have applications as pollutant adsorbents, rheological control
agents, paints, and cosmetics [6, 7].
The aim of this work is to describe the influence of dry grinding on the
adsorption properties of Na-montmorillonite. Samples of Na_Kop were ground for
2, 4 and 6 minutes and compared with an untreated sample. They were used as
adsorbents of two amino acids (L-cysteine and L-glutamic acid) in aqueous
solutions. IR spectroscopy, X-ray diffraction analysis, thermal analysis and the
determination of C and S content were used for their characterization.
[1] W. H. Lu, N. Li, D. S. Tong, C. H. Zhou, Ch. X. Lin, Ch. Y. Xu, Appl. Clay Sci., 80-81, 443-452
(2014)
[2] J. Hrachová, P. Komadel, V. Š. Fajnor, Mater. Lett., 61, 3361-3365 (2007)
[3] S. Yariv, I. Lapides, J. Mater. Synth. Process., 8, 223-233 (2000)
[4] J. Hrachová, J. Madejová, P. Billik, P. Komadel, V. Š. Fajnor, J. Colloid Interface Sci., 316, 589595 (2006)
[5] P. Rangel-Rivera, P. Rangel-Porras, H. Pfeiffer-Perea, E. Lima-Munoz, J. Therm. Anal. Calorim.,
115, 1359-1369 (2014)
[6] X. Wang, C. Lee, Marine Chem., 44, 1-23 (1993)
[7] M. Wedyan, M. R. Preston, Environ. Sci. Technol., 39, 2115-2119 (2005)
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The study of preparation and properties of copper(II) complexes with salicylic
acid derivatives in presence of nicotinamide or N-methylnicotinamide ligands have
resulted in new type of dimeric compound formation. Moreover, one of the obtained
products exhibits a very unusual composition – Cu(3-MeSal)2(menia)1.5(H2O)
(where 3-MeSal = 3-methylsalicylate, menia = methylnicotinamide). This dimeric
structure has revealed that the molecule of menia ligand can act as single bridge
between two Cu(3-MeSal)2(menia)(H2O) moieties and thus forming the [Cu2(µmenia)(3-Mesal)4(menia)2(H2O)2] dimeric complex molecules that are via rather
strong hydrogen bonds connected into infinite 1-D chain supramolecular structure.
Another type of complex exhibits the “symmetrical” composition [Cu(5-MeSal)2(µnia)1(H2O)]2 (where 5-MeSal = 5-methylsalicylate, nia = nicotinamide), with two nia
ligand molecules reciprocally forming doubly bridged dimeric molecules that are by
similar system of hydrogen bonds arranged into 1-D supramolecular structure. These
arrangements and the system of hydrogen bonds are unusual, but known in the
literature [1, 2]. The magnetization measurements have confirmed antiferromagnetic interaction between unpaired spin of complexes copper and showed
that complexes exhibit very similar temperature dependence of magnetic
susceptibility as it was found for [Cu(5-MeOsal)2(µ-nia)(H2O)]2 [1]
All complexes have been characterized by elemental analysis, IR, UV-VIS
spectrophotometry, EPR spectroscopy and magnetization measurements in solid
state.
Acknowledgment
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Chem., 3813-3817 (2006)
[2] T. Hökelek, Y. Süzen, B. Tercan, E. Tenlik, H. Necefoğlu, Acta Crystalographica, E66, m807m808 (2010)
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Silicon carbide is a versatile material utilized in a wide variety of applications.
Amorphous alloys of SiC in connection with photovoltaics are a relatively new
subject of investigation. Amorphous silicon carbide is excellent alternative
passivation layer material for silicon solar cells especially working in hard and space
environment.
Amorphous silicon carbide films were deposited on Si substrates at various
deposition conditions by means of plasma enhanced chemical vapor deposition
(PECVD) technology using SiH4, CH4 and H2 gas as precursors. Two types of
samples were prepared: S1- amorphous silicon carbide a-SiC:H thin film on Si
substrate, S2- nanocrystalline silicon carbide nc-SiC:H on Si substrate. The
concentrations of elements in films were determined by Rutherford backscattering
spectrometry (RBS) and elastic recoil detection (ERD) analytical method
simultaneously. Raman spectroscopy study of the SiC films were performed by
using a Raman microscope with 532 nm laser. Irradiation of samples with neutrons
to a total fluencies A(7.9x1014 cm-2), B(5x1015 cm-2) and C(3.4x1016 cm-2) was
performed at room temperature in IBR-M2 reactor at JINR Dubna. The films
contain silicon, carbon, hydrogen and small amount of oxygen. An essential part of
Raman spectra originates from the silicon substrate, especially the intensity of the
lattice vibration at 520 cm-1. The Raman band between 930 cm-1 and 990 cm-1 is
created by acoustical and optical phonon modes of cubic or one of the hexagonal
polytypes of SiC. The peak broadening is related to the damping of phonon modes
due to the short range ordering of SiC crystallites and the effects of surroundings
having Si, as well as C-clusters. The Raman band between 1300 cm-1 and 1700 cm-1
is assigned to diamond like carbon. Raman spectroscopy results of SiC showed
decreasing of Raman band feature intensity after neutron irradiation and slightly
decreased with increased neutron fluencies. Differences between two types of films
before and after neutron irradiation were discussed.
Acknowledgement
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Nanostructurization is known to be one of the most efficient ways to overcome
poor bioavalibility proper to some inorganic compounds such as arsenic sulfide
As4S4 polymorphs, which can be used as potential anticancer drugs. In this report,
we analysed methodological possibilities of positron annihilation lifetime (PAL)
spectroscopy to characterize sub-nanometer free volumes in nanostructurized arsenic
sulfides for possible biomedical using.
Nanosuspensions of as-received and nanimilled As4S4 polymorphs (commercial
arsenic II sulphide, mineral realgar and pararealgar) in polyvinylpyrollidone (PVP)
solution with the smallest particle sizes of a few micrometers and 137-153 nm,
respectively, were centrifugated and dried to prepare solid pellets. PAL
measurements were performed with conventional fast-fast coincidence ORTEC
system, near ~2106 annihilation events being accumulated to extract positron
lifetimes and intensities from row spectra decomposed into three components under
source contribution of about 15 %.
Trying to develop an adequate approach to characterize eventual channels of
positron annihilation in the nanostructurized arsenic sulphides themselves, we have
built step-by-step algorithm compensating competitive inputs from other channels,
in part, positron annihilation due to remainders of PVP (As4S4-PVP
nanocomposites), amorphous matrix and modified intergrain boundaries. The
measured PAL spectra were reconstructed in terms of three-component
deconvolution by accepting four-component input from PVP in the amount allowing
best fitting of the resulting spectra (near 25 %).
It was shown that positron trapping characteristics of as-received arsenic sulfide
pellets practically coincide with the same for bulk mineral As4S4. It means that
principal channels of positron trapping remain the same, being caused by one type of
preferential vacancy-like defects. But the channel of o-Ps decaying is more
pronounced in mineral samples in comparison with suppressed input from third
component observed in the pellets of as-received samples (decrease in the size of
positron traps at the cost of their amount). It is shown that effect of
mechanochemical milling associated with formation of tiny arsenic sulfide
nanocrystallites is accompanied by fragmentation of corresponding free-volume
entities trapping positrons, these being intermolecular free volumes rather than intramolecular cages proper to realgar self-closed As4S4 molecules.
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The realgar As4S4 mineral crystals belong to such kind of materials, which can be
widely used in cancer therapy owing to pronounced angiogenesis inhibition effect
on a number of human malignancies. Because of molecular-like structure built of
interconnected self-closed As4S4 entities, an effective anticancer functionality of this
compound is realized at the smallest inteatomic length-scales. Thus, not only
atomic-rich, but also atomic-deficient structural arrangement (free volume voids)
occurs to be very important in the functionality of this crystalline mineral.
In this work, we have studied free volume structure of -As4S4 mineral crystals
using positron annihilation lifetime (PAL) spectroscopy exploring conventional fastfast coincidence ORTEC system. Measurements were performed for two identical
plates cut of non-oriented mineral, near ~106 elementary positron annihilation events
being accumulated to extract positron lifetimes and intensities from row PAL
spectra decomposed into three components (the source contribution was evidenced
at the level of about 15 %). Preliminary X-ray diffraction experiments testifies that
studied realgar sample represents known low-temperature -modification (space
group P21/c) of known arsenic sulphide AsS polymorphs without any other additions
(such as high-temperature -realgar or pararealgar).
It is shown that realgar under consideration demonstrates relatively high defectrelated lifetime 0.347 ns, which can be attributed rather to large intrinsic freevolume defects such as vacancy-like clusters or agglomerates. The overall positron
trapping is far from saturation, ensuring stable trapping rate of only 0.81 ns-1 at mean
positron lifetime for trapping of 0.246 ns. Quite low value of defect-free bulk
positron lifetime 0.227 ns corresponds well to this parameter in similar arsenic
counterparts, e.g. the stoichiometric As2S3 crystalline orpiment (0.24 ns) and meltquenched glass (0.28-0.29 ns) [1,2]. However, in contrast to these compounds, the
channel of positronium decaying is more expressed in As4S4 mineral sample, being
presented by input of long-lived component with 2.008 ns lifetime and 3.8 %
intensity. This feature is probably caused by intermolecular connection in the realgar
structure, remaining a large portion of free volumes effectively stabilizing bounded
positron-electron pairs.
[1] O. Shpotyuk, J. Filipecki, Free volume in vitreous chalcogenide semiconductors: possibilities
of positron annihilation lifetime study, Wyd. WSP, Czestochowa, 2003, 114
[2] M. Hyla, J. Filipecki, O. Shpotyuk, M. Popescu, V. Balitska, J. Optoelectron. Adv. Mat., 9, 31773181 (2007)
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Incorporation of inorganic particles into metallic matrix brings several
difficulties during the production. The main challenges for the development of metal
matrix nanocarbon composites (MMNCs ) for industrial applications are the
attainment of homogeneous dispersion of carbonaceous reinforcing materials in the
metal matrix, the formation of strong interfacial bonding and the retention of
structural stability of carbonaceous materials [1].
Mechanical alloying performed as high – energy ball milling that was applied on
graphite-silver mixture to prepare nucleation centers of nanocarbons enriched with
silver. This type of pre-nanoparticles is first step for preparation homogeneous AgMNCs.

Figure 1. XRD pattern of ground graphite G100 –pure graphite and GAg100enriched graphite with Ag (G-original sample)
After graphite sample grinding amorphization observed as broadening of basal
diffraction and appearance of new peaks was detected. Following purification and
heat treatment was applied to achieve reasonable big nanoparticles.

[1] S.R. Bakhsi, D. Lahiri, A. Agarwal Int. Mater. Rev., 55 (2010), p. 41
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The presence of oxofluoroaluminate species in the molten state has been
demonstrated by Raman and NMR spectroscopy [1-3], but it is difficult to prove
their presence in the solidified state [4].
Solidified mixtures of KF/RbF–Al2O3 by X-ray powder diffraction and solid
state NMR spectroscopy have been studied over a wide range. The combination of
these methods provides a more precise identification of the different phases formed
on cooling. The existence of oxofluorospecies in solidified samples at room
temperature was determined. The formation of a new phase Rb2Al2O3F2 was
observed. In order to better understand the formation of oxofluoroaluminates, in-situ
high temperature NMR spectroscopy has been applied to characterize the
interactions between potassium/rubidium fluoride and alumina melts.
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The X–ray diffraction (XRD) phase analysis of different solidified, uranium–
based fluoride systems (KF–(LiF–NaF–UF4); (LiF–NaF–UF4)–ZrF4; and KF–(LiF–
NaF–UF4)–ZrF4) were examined in order to provide the basis for pyro–
electrochemical extraction of uranium in molten fluorides. Several uranium–based
species (Na2UF6, Na3UF7, K2UF6, K3UF7, UO2, K3UO2F5) were identified in the
solidified melts. The role of oxygen traces in argon atmosphere was found to be
critical in the formation of uranium species during the melting and solidification. In
order to reduce the level of free oxygen traces in our experiments, we used
zirconium (in the form of ZrF4) inside the melt as an oxygen buffer. It was found
that ZrF4 can really stabilize the uranium species by complexation and protects them
against the oxygenation.
The Radioactive Waste Repository Authority (RAWRA, Czech Republic) and
ACSEPT (EUROATOM FP7 EC) are acknowledged for financial support. This
work was also supported by the Science and Technology Assistance Agency under
contract No. APVV–0460–10, by the Slovak Grant Agency VEGA 2/01161/14 and
VEGA 2/0095/12 and by the SUSEN Project CZ.1.05/2.1.00/03.0108 of the
European Regional Development Fund.
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NEW CERAMIC COMPOSITES SINTERED FROM THE MIXTURES
WITH ORGANOVERMICULITE
M. Valášková1,2*, J. Zdrálková1,2, G. Simha Martynková1,2
Nanotechnology Centre, 2IT4Innovations Centre of Excellence, VŠB-Technical
University of Ostrava, 17. listopadu 15/2172, CZ-708 33 Ostrava-Poruba, Czech
Republic
*
The corresponding author’s e-mail: marta.valaskova@vsb.cz
1

Keywords: organovermiculite, preceramic mixture, sintering, cordierite ceramic
composite
Sintering of the preceramic mixtures containing vermiculite and the structural
properties of the cordierite ceramic composites were performed in several works [13].
Vermiculite (Ver) and organovermiculite (Verorg) were used as a pore-forming
agents in the preceramic clay mineral mixtures prepared in the oxides ratio
composition 2MgO·2Al2O3·5SiO2 close to the cordierite Mg2Al4Si5018. Structural
characterization of the ceramic composites sintered at 1300°C was performed using
the X-ray powder diffraction (XRD) analysis, Scanning electron microscopy (SEM)
and porosity measurement.
The ceramic products sintered from the preceramic mixtures with incorporated
Ver and Verorg affected porosity of the cordierite ceramic composites that
correspond to the bimodal meso-macropores and unimodal macropores size
distributions, respectively.

Figure 1. SEM images of the porous surfaces of ceramic composites sintered
from the preceramic mixtures containing vermiculite (A) and organovermiculite
(Aorg).
The mineral composition of the preceramic mixtures and a manner of sintering
are influential factors on the quantitative mineral composition of cordierite-indialite,
orthoenstatite and protoenstatite in the cordierite ceramic composites.
The unit cell parameter a of indialites calculated in hexagonal symmetry is (1)
smaller than at the pure indialite, (2) close to the indialites substituted Ca2+ , and (3)
shorter in indialites sintered from the organovermiculite than from original
vermiculite in the preceramic mixtures.
[1] M. Valášková, G. Simha Martynková, B. Smetana, S. Študentová, Applied Clay Science, 46, 196–
201 (2009)
[2] M. Valášková, G. Simha Martynková, Chemical Papers, 63, 445–449 (2009)
[3] M. Valášková, G. Simha Martynková, J. Zdrálková, J. Vlček, P. Matějková, Materials Letters, 80,
158–161 (2012)
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Heterocyclic thionate ligands have attracted interest as ligands with
multifunctional coordination abilities caused by the presence of more than one
heteroatom. They can be regarded as monodentate or multidentate ligands and can
also act as bridging ligands between metal centers. A 2-mercaptobenzoxazolate
ligand containing three donor atoms exists in two tautomeric forms (Scheme 1),
which enables it to bind metal atoms through either the sulfur or the nitrogen atom.
Moreover, it can form chelate complexes and bridge two or three metal centers.
O
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Scheme 1

In the poster, the synthesis and characterization of the new complexes obtained in
reactions of 2-mercaptobenzoxazole with tBu3M (M = Al, Ga) are reported to show
the dramatic influence of solvents and Lewis bases on the structure of compounds.
Treatment of 2-mercaptobenzoxazole with one equivalent of tBu3Al in the
presence of strong Lewis bases leads to the formation of the compound 1 (Fig. 1).

Fig. 1. Molecular structure of the compound 1.
Reactions of tBu3M with 2-mercaptobenzoxazole in the presence of weak Lewis
base produced stable tetranuclear complexes [tBu2M(C7H4NOS)]4 (M=Al, Ga).
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Nowadays, zirconia (ZrO2) is a technologically important material, which plays
an essential role in the development of zirconium based ceramics. At atmospheric
pressure ZrO2 appears in three polymorphs: basic monoclinic (m) modification of
fluorite type (stable below ~1440 K) and two highly reactive forms, tetragonal (t)
and cubic (c) (stable at higher temperatures). Both the HT polymorphs can be
stabilized at room temperature as well and the mechanism of t → m transformation
has been widely investigated. The most reliable explanation of this phenomenon is
based on the nucleation nature of martensitic t → m transition involving large
activation energy. Accordingly, formation of the metastable t-ZrO2 can be achieved
at RT by stress-induced transformation or decomposition of several zirconium
compounds. Stability of the obtained product is highly affected by the presence of
impurities and considering this issue, the most positive effect was ascribed to
yttrium [1]. However its further influence on the properties of the obtained material
was discussed mainly with respect to their mechanical stability and stress resistance.
For many years our department has been engaged in the development of new
high performance inorganic pigments. Recently, it was shown, that zirconium-based
compounds, in particular phosphates, are highly attractive material for this
application. Economization of the production by decrease of calcination
temperatures via employment of activated precursors or additives is one of the
directions which we are working on. In this light yttrium stabilized t-ZrO2 is a highly
attractive reagent, which allows to obtain crystalline phosphates at temperatures as
low as 250 oC [2]. In our study we have evaluated the role of yttrium in the process
of stabilization of tetragonal zirconia and its influence on the further reactivity of the
obtained product in interaction with phosphates (H3PO4, (NH4)2HPO4, NH4H2PO4).
The zirconia precursor was obtained by mechanical activation and stabilized by
adding a different amount of Y (2-8 % mol.). At the next step, the obtained products
were employed in the synthesis of several colored inorganic pigments based on the
NASICON structure and ZrP2O7. Transformations taking place during the
mechanical activation, stabilization and interaction were tracked by DTA-TG and
XRD methods.
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D-band model is used to predict enthalpies of formation of binary transition
metal alloys [1, 2]. One of the input parameters of the model namely bandwidth is
optimized by refinement procedures based on ab initio calculations and reliable
calometric data for Zr-, Hf- and Ti-compounds. Revised values of enthalpies of
formation H for for Zr-binary transition metal compounds using new values of
bandwidth WZr*  7.24eV are substantially improved. This improvement can be
applied for other problematic cases in order to ameliorate results of H for
calculated by d-band model.
[1] R. E. Watson & L. H. Bennett, Phys. Rev. Lett. 15, (1979), 1130-1134
[2] R. E. Watson & L. H. Bennett, CALPHAD vol, 5, N°1, (1981),25

171

V. Thermochemical, thermodynamic and kinetic aspects - POSTER

CRYSTALLIZATION AND PROPERTIES OF GLASSES IN THE
SYSTEM La2O3 – Al2O3
A. Haliaková1*, A. Prnová1, R. Klement1, K. Bodišová2,

M. Parchovianský1, V. Pavlík3, D. Galusek1
1 Vitrum Laugaricio- Joint Glass Center of the IIC SAS, TnU AD, and FCHTP,
Študenstská 2, SK-911 50 Trenčín, Slovak Republic
2 Faculty of Chemical and Food Technology, Slovak University of Technology;
Radlinského 9, SK-812 37 Bratislava, Slovak Republic
3 Department of Molten Systems, Institute of Inorganic Chemistry, Slovak Academy
of Sciences, Dúbravská cesta 9, 841 04 Bratislava, Slovak Republic
* The corresponding author’s e-mail: anna.haliakova@tnuni.sk
Keywords: alumina, rare earth oxides, flame-spraying synthesis, microspheres
Aluminate glasses in the system La2O3-Al2O3 with different Al2O3 contents were
prepared by flame-spraying synthesis, in the form of transparent glass microspheres.
[1-3] Precursor powders were synthesized by modified Pechini method. In this
work, the three basic host systems were studied: binary eutectic composition
A50L50 (76.2 mol.% Al2O3), lanthanum aluminium perovskite composition LAP
(50 mol.% Al2O3) and LA6 composition (91.6 mol.% Al2O3). The host systems were
doped with 1 mol.% of Nd2O3 or Er2O3 as optically active additives.
The prepared glass microspheres were characterized by scanning electron
microscopy (SEM) and X-ray diffraction analysis (XRD). Except of the eutectic
composition where traces of crystalline LaAlO3 were detected, all other systems
contained lower amounts of LaAlO3 (compositions LAP, LAPEr, LAPNd) or
LaAl11O18 crystalline phases (compositions LA6, LA6Er, LA6Nd). Based on the
results of differential scanning calorimetry (DSC) and high temperature X-ray
diffraction analysis (HT-XRD), the conditions of isothermal crystallization
experiments were selected and the parameters of crystallization kinetics were
determined, and expressed in terms of the nucleation and crystal growth periods.
The crystallized microspheres were examined using SEM (microstructure and
morphology of crystalline phases) and XRD (quantification of individual crystalline
phases). The UV-VIS-NIR reflectance spectra of doped glasses showed
characteristic absorptions bands due to the presence of optically active Nd3+ and Er3+
ions. The influence of crystallization on optical properties was analyzed and
discussed.
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Flow-through leaching tests were performed on Izomer – TT glass grains. In the
form of glass fibers this glass is used as the insulating material in nuclear power
plants. The leaching tests were realized at four temperatures - 55ºC, 70ºC, 80ºC, and
90ºC during 336 hours under flow-through condition. Distilled water and coolant
solution (H3BO3/KOH) were used as corroding medium. Concentration of leached
elements Al, B, Ca, and Si in corrosion medium was analyzed by ICP optical
emission spectroscopy. The composition of the leaching solution was described by
the time dependencies of normalized leached amounts of elements. Obtained
experimental results were described by the Helebrant’s kinetic model and the initial
leaching rates of individual elements were determined this way. Obtained kinetic
model allows characterizing the partial processes involved in the glass corrosion by
its activation energy and quantifying of the glass chemical durability [1-3].
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Oxidative decomposition of tin(II) compounds is potential pathway to obtain
tin(IV) oxide. In this study, the kinetics of oxidative decomposition of tin(II) oxalate
of two different preparations was investigated for detailed understanding of the
formation process of tin(IV) oxide nanoparticles.
Tin(II) oxalate prepared in water (W50) and ethanol (E50) solutions at 50ºC [1,2]
showed different crystal morphologies with a foliated structure constructed with
column crystals and well-grown column crystal or petaloid constitution,
respectively. The tin(II) oxalate with a foliated structure destructed into column
crystals at the very beginning of the oxidative decomposition with evolving
boundary water (Fig. 1a). The subsequent oxidative decomposition processes
proceeded via partially overlapping two kinetic steps. The two step oxidative
decomposition was also observed for the tin(II) oxalate prepared in ethanol solution
(Fig. 1b), where an intermittent reaction
was found as a characteristic behavior
during the first reaction step.
Those oxidative decomposition
processes were traced under different
heating conditions, i.e. isothermal,
linear nonisothermal, and constant
transformation conditions. The recorded
kinetic curves were analyzed using the
kinetic deconvolution procedure [3].
With aid of crystallographic and
morphological changes of the sample
during the reaction, the two step
reaction was interpreted as the initial
formation of rigid surface product layer
and the subsequent internal reaction.
The role of the surface product layer in
the formation of tin(IV) oxide
Figure 1. TG/DTA-MS curves for (a)
nanoparticles is discussed.
W50 and (b) E50 in flowing simulated air.
[1] K.-W. Kim, P.-S. Cho, J.-H. Lee, S.-H. Hong, J. Electroceram., 17, 895-898(2006)
[2] H. Sun, S.-Z. Kang, J. Mu, Materials Letters., 61, 4121-4123 (2007)
[3] N. Koga, Y. Goshi, S. Yamada, L.A. Perez-Maqueda, J. Therm. Anal. Calorim., 111, 14631474(2013)

174

V. Thermochemical, thermodynamic and kinetic aspects - POSTER
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LAS glasses and glass-ceramics are characterized by interesting optical,
mechanical and thermal properties. Research were concentrated on understanding
the crystallization mechanism in LAS glass-ceramics, where simultaneous
crystallization of both Li-di-silicate and Li-alumina-silicates occures. In this paper,
therefore, calculation of activation energy of crystallization in glass-ceramics with
the Augis-Bennett method has been derived.[1] Siliceous waste material and natural
spodumene were used in the glass batch in place of the silica, partly lithium and
aluminium. Such procedure should reduce energy consumption, reduce the amount
of bubbles in the glass mass, reducing CO2 into the atmosphere.
In the mentioned Augis-Bennett technique, the four heating rates at differental
scanning calorimetry (DSC): 5, 10, 20 and 30 oC/min, have been analysied. Due to
the results, activation enargy for bulk or surface crystallization of such complex
glass and Avrami parameter that depends on the concentration of nuclei, have been
calculated as well.
This is noticeable that in this glass two main effects occur on DSC curve. First of
them in the temperature ranges:600-660 oC is wider and the second ( 700-760) oC is
sharp and tall. Each of them is probably responsible for crystallization of each
particular phase LS or LAS. Temperatures of the effects are changing due to heating
rates changes.
In regular composition, without addition of the waste, activation energy was
found respectively to be 102kJ/mol for the first peak and 123,8 kJ/mol for the
second one.

[1] J. A. Augis and J.E. Bennett, “Calculation of the Avrami parameters for heterogeneous solid state
reactions using a modification of the Kissinger method” Journal of Thermal Analysis, vol. 13, no.
2, pp. 283-292, 1978
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According to their specific properties, zinc – phosphate glasses are used in
various applications, for example in production of glass – composite materials,
hermetic seals and lasers [1].
Thermal properties and structural parameters of binary glasses were studied in
xZnO-(1-x)P2O5 (x = 35, 40, 45, 50, 55 a 60) system. Thermal properties, as a
temperature of glass transition, a thermal stability, a beginning and a maximum of
crystallization were observed by differential thermal analysis (DTA). From obtained
DTA curves it was evaluated that one crystallization phase originate in studied
glasses except the composition of 60ZnO-40P2O5, where two crystallization phases
originated.
Crystallization phases were consequently identified by the XRD analysis and the
phase Zn8P16O48 was predominantly present in studied glasses.
Obtained thermal and crystalline properties are related to structural parameters.
The structure of this glasses was determined by Raman spectra analysis on the base
of Q motives of phosphate tetrahedron [2].
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The Na3RE(PO4)2 compounds are known as promising luminescent materials for
LED's in the plasma display panels. The structure of the phosphates derives from
that of glaserite, similar to the sulfate and it is characterized by rich polymorphism.
Unfortunately, up to now no systematic studies of the synthesis – structure
dependence has been published. The aim of the presented work was to fulfill the
lacking data on the polymorphism of the Na3RE(PO4)2 phosphates.
The Na3RE(PO4)2 phosphates (RE = La, Ce, Nd, Gd, Er, Yb or Y) have been
obtained by a low temperature hydrothermal technique and characterized by ICPOES, DSC/TGA, XRD and SEM methods.
The structure of the compounds depends strongly on their thermal treatment and
on the RE3+ radius. Surprisingly, all the compounds obtained by the hydrothermal
technique were isomorphic, irrespective of the RE ion. However, the as formed
phases seem to be a metastable and could be not obtained by carrying out the
synthesis in solid state.
The polymorphic transition temperatures as well as the stabilization possibility
(overcooling) of high-temperature phases have been determined by carrying out
DSC heating and cooling experiments. Depending on the RE3+ radius, the
phosphates have different number of polymorphs. Also the polymorphic transitions
temperature drops with the decreased RE3+ size.
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The phase diagram of the Ba3Y(PO4)3-BaRbPO4 system has been not previously
reported. However, the Ba3Y(PO4)3 and BaRbPO4 phosphates are known to show
interesting optical properties and can be applied in a LED techniques.
The phase equilibria in the Ba3Y(PO4)3-BaRbPO4 system was studied by
thermoanalytical methods, X-ray powder diffraction at room temperature and
microscopy in reflected light.
On the basis of obtained results, the related phase diagram in the temperature
range of 20–1950 C is proposed. The initial orthophosphates form a eutectic system.
The eutectic occurs at the composition of 52 mass% of Ba3Y(PO4)2, 48 mass%
BaRbPO4 and melts at 1560 C. The most interesting finding of our research is a
formation of a limited solid solution, which exists in the system at temperatures
above 1100°C. The maximum content of Ba3Y(PO4)3 in the solid solution is ~8
mass%.
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Leaching tests were performed on Izomer – TT glass fibres, used as the
insulating material in nuclear power plants. The leaching tests were realized at four
temperatures - 55ºC, 70ºC, 80ºC, and 90ºC during 336 hours under flow-through
condition. Distilled water and coolant solution (H3BO3/KOH) were used as
corroding medium. Concentration of leached elements Al, Ca, B, Na, Mg, Ti, and Si
in corrosion medium was analyzed by ICP optical emission spectroscopy. The
composition of the leaching solution was described by the time dependencies of
normalized leached amounts of elements. Obtained experimental results were
described by the Helebrant’s kinetic model and the initial leaching rates of
individual elements were determined this way. Obtained kinetic model allows
characterizing the partial processes involved in the glass corrosion by its activation
energy and quantifying of the glass chemical durability [1-3].
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The present work purpose was synthesis of MSi2 (M – Cr, Mo, W) disilicides
coatings in molten salt and investigation of their microstructure.
Metal disilicides coatings were obtained by electroless deposition of Si onto pure
metal substrate in molten KCl-NaCl-NaF-Na2SiF6-Si system at 1073 K. Pure Cr,
Mo, or W plate was immersed into the molten salt. After exposition at 1073-1123 K
for 10 h, all samples were investigated using scanning electron microscopy (SEM)
in characteristic radiation (see Figure). Inhomogeneity of silicide coating obtained
on chromium surface can be explained by deposition mechanism including Si
reaction diffusion into substrate material. Coating composition is presented in Table.
Molybdenum and tungsten disilicides coatings are homogeneous in characteristic
radiation. In both cases, only the phases of MoSi2 and WSi2 were found,
respectively.
Table. Chromium silicide coating composition by
characteristic radiation data.
Spectrum
Si (at. %)
Cr (at. %)
Formula
1
2
3
4
5

37,19
50,21
65,75
65,62

100
62,81
49,79
34,25
34,38

Cr
Cr5Si3
CrSi
CrSi2
CrSi2

Figure. SEM of chromium silicide coating

To describe diffusion processes in M-Si system, growth constants, k2, was found
as follows: k2= d2/t, where d and t are thickness of silicide layer and the reaction
time, respectively. Values of k2 were obtained for CrSi2 (1512,1·10-16 m2/s), MoSi2
(238,1·10-16 m2/s), and WSi2 (2,2·10-16 m2/s). Higher diffusion rate in Cr-Si system
can be related to presence of higher concentration of vacancies at the sublattice of
CrSi2 compared with MoSi2 and WSi2 sublattices.
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Arsenic triselenide, As2Se3, belongs to the simplest arsenic chalcogenides that
can be used in many applications such as semiconducting glass utilizable in
xerography, semiconductor, photoconductor, optical fibers etc. [1-4].
The aim of this work was to measure the heat capacity of arsenic triselenide
(amorphous and crystalline) using samples with specified properties. The As 2Se3
samples were prepared by mixing As and Se elements in required stoichiometric
ratio in clean quartz ampoules, that were subsequently closed under vacuum. The
ampoules were heated up to 1270 K in horizontal rocking furnace and the mixture
was melted for 20 hours. An amorphous As2Se3 was prepared by fast cooling of the
melt in the air to the room temperature, a crystalline material was prepared by slow
cooling in the furnace, to the room temperature, too. The amorphous and crystalline
natures of prepared samples were confirmed by X-ray diffraction. The heat
capacities of As2Se3 samples were determined using DSC Pyris 1 (Perkin Elmer),
where the samples (mass ca. 30 mg) were measured in aluminium pan in the
temperature range from 233.15 to 423.15 K for amorphous phase and from 258.15 to
573.15 K for crystalline phase. The experimentally obtained dependences of heat
capacity on temperature were fitted by polynomial functions, the parameters of
which were used to calculate other thermodynamic quantities such as enthalpy,
entropy and Gibbs energy.
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Chalcogenide glasses are intensively studied materials due to a number of
technically important properties for a wide range of their applications.
For many of their application it is very important to know crystal grow rates – for
example in situation when these materials are used for data storage.
In this work the crystal growth rates of As2Se3[1] was measured by optical
microscopy on samples from TMA measuments. Obtained parameters are used to
perform simulations in our own software to verify their accuracy.

Fig.1: Simulation of crystal growth of As2Se3 (based on obtained parameters
from TMA measurements), 610K, 2K/min, whole sample (detail in inset)

[1] J. Shanelova, P. Pilny, J. Malek, Crystal growth in As2Se3 undercooled melt, to be published,
(2014)
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Doped lanthanum nickelites are believed to be promising materials for the solid
oxide fuel cells (SOFC) cathodes. Undoped LaNiO3-δ possesses high total
conductivity even at room temperature but decomposes above 850°C in air [1].
Partial substitution of Fe for Ni leads to significant increase of the compound
stability and, therefore, enables its applications in high-temperature devices. Chiba
et al [2] showed that LaNi1-xFexO3-δ with x = 0.4 exhibits the highest electronic
conductivity among all lanthanum nickelites doped with Fe.
Despite data on oxygen nonstoichiometry of LaNi0.6Fe0.4O3-δ are available there is
a discrepancy in its values reported by different authors [3, 4]. Moreover, the defect
structure of LaNi0.6Fe0.4O3-δ has not been studied yet. Therefore, the main purpose of
this work was to find the relationship between the defect structure of LaNi 0.6Fe0.4O3-δ
and its properties such as nonstoichiometry, electrical conductivity and chemical
expansion.
Powder sample of LaNi0.6Fe0.4O3-δ was synthesized using the glycerol nitrate
technique. XRD analysis of the sample obtained accordingly showed no indication
for the presence of a second phase. Oxygen nonstoichiometry of LaNi0.6Fe0.4O3-δ as a
function of pO2 was measured using the coulometric titration method in the
temperature range 700-1000°C. Total conductivity and Seebeck coefficient of
LaNi0.6Fe0.4O3-δ as functions of T and pO2 were measured simultaneously using the
standard 4-probe DC technique. Chemical expansion was measured using the
original dilatometric setup.
Defect structure model for LaNi0.6Fe0.4O3-δ, based on the following point defects
reactions:

1
 


/
OO  2 NiNi  O2  VO  2 NiNi
2

Fe   Ni   Fe   Ni /
Ni
Ni
Ni
 Ni
was proposed and successfully verified using the experimental data on oxygen
nonstoichiometry.
Chemical expansion and Seebeck coefficient of LaNi0.6Fe0.4O3-δ were analyzed on
the basis of the defect structure model proposed. Good agreement was found to be
between calculated and experimental values.
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Mn-Zn ferrites are an important group of soft magnetic ceramic materials which
are used in microelectronics (transformer cores, choke coils and electromagnetic
interference devices - EMI) [1]. The change in grain size from micron to nanometer
scale allow a use of ferrite in new areas of applications such as contrast agents in
magnetic resonance imaging, drug delivery systems, catalysts or gas sensors [2-4].
Usually a bulk ferrites are synthesized through conventional ceramic routes.
Because of the unique properties of nanosized Mn-Zn ferrite in recent years a new
synthesis routes were studied, inter alia co-precipitation [5].
In this work Mn-Zn ferrites were obtained through co-precipitation. The first step
in the process was the precipitation of Zn, Mn and Fe to oxalates or carbonates from
sulphate solutions and next sintering of the obtained powders at different
temperatures. Co-precipitation was carried out under optimum conditions (stirring,
temperature, time).
The X-ray diffraction studies showed that the ferrite powder sintered at low
temperature has a cubic spinel structure (JCPDS 74-2401) without any secondary
phases. Further annealing at higher temperature leads to the formation of hematite
and bixbyite, as a result of the redox reaction. After high temperature sintering
(1000 °C) there are no secondary phases in the Mn-Zn ferrite prepared from
carbonates, whereas for the powders obtained from oxalate besides the spinel phase,
there are peaks characteristic of hematite and bixbyite. That is why a sintering at
higher temperatures and/or controlled atmosphere is required to formation pure
spinel phase. However the ferrites prepared from the oxalate precursor have fine,
homogeneous and spherical in shape microstructure.
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OPTICAL AND STRUCTURAL CHARACTERIZATION OF Na3Ln1xYBx(PO4)2 ORTHOPHOSPHATES SYNTHESIZED BY PECHINI
METHOD (Ln = Y, La, Gd)
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The Na3Ln(PO4)2 orthophosphates (Ln = Y, La, Gd) doped with Yb3+ ions were
obtained by Pechini technique and characterized by DSC/TGA, XRD, SEM, IR and
Raman spectroscopies as well as optical techniques. The emission spectra and
fluorescence decay time were recorded at room temperature. The spectroscopic
properties were discussed in terms of the structure of the obtained materials. They
show that the Na3La(PO4)2 and Na3Gd(PO4)2 orthophosphates synthesized by Pechini
method crystallize in the orthorhombic modification (Pca21 = C2v5) while the
Na3Y(PO4)2 phosphate is monoclinic (C2/c = C2h6), similar to the one of the
Na3Gd(PO4)2 polymorphs [1]. Annealing of Na3Ln(PO4)2 at 700 °C results in
formation of particles of ~200 nm in diameter. The microstructure of the powders at
700 °C differs strongly depending on the Ln3+ cation (see Fig. 1.). Annealing of
orthophosphates at 11000C induces a strong growth of grains up to about 5 μm.

Fig. 1. The SEM images of Na3Ln0.95Yb0.05(PO4)2 sintered at 700 °C
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KINETICS OF LEACHING OF IZOMER TT GLASS FIBER
IN CORROSIVE MEDIA
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Corrosion resistance of IZOMER TT glass fiber, which is commonly used as
thermal insulation for equipment in nuclear power plants, was studied under static
conditions. Experiments have been conducted during 720 hours in distilled water
and in corrosive media H3BO3/KOH at temperatures of 55 °C, 70 °C, 80 °C and 90
°C. Concentrations of elements extracted from the glass into the solution were
analyzed by atomic emission spectrometry with inductively coupled plasma
(VARIAN - Vista MPX/ICP-OES). Time dependences of the total amount of
leached elements Al, B, Ca, Fe, K, Mg, Na, Ti, and Si from glasses into the solution
were determined. The experimental results were described by Helebrant´s empirical
kinetic model [1-3]. Obtained regression estimates of kinetic model parameters
allowed characterizing of the partial processes involved in the glass corrosion by its
activation energy and quantifying of the glass chemical durability. The obtained
parameters of the kinetic model can be further used for prediction of glass corrosion
under different experimental conditions.
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KINETICS OF LEACHING OF IZOMER TT GLASS GRAINS
UNDER STATIC CONDITIONS IN DISTILLED WATER AND IN
BORATE COOLANT SOLUTION
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The corrosion resistance of glass grains with the composition of IZOMER TT
fibrous insulation used in nuclear power plants was tested under static conditions
during 30 days in distilled water and in borate coolant solution (H3BO3/KOH) at
temperatures of 55°C, 70°C, and 80°C and 90°C. The concentration of leached
elements (Al, Ca, B and Si) in the solution was determined by optical emission
spectroscopy with inductively coupled plasma (Varian Vista MPX/ICP-OES). The
observed time dependences of the normalized amount of leached elements were
described by the empirical Helebrant’s kinetic equations. Obtained regression
estimates of kinetic model parameters allowed characterizing of the partial processes
involved in the glass corrosion by its activation energy and quantifying of the glass
chemical durability [1-3].
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THERMAL PROPERTIES OF 50CaO-50P2O5 GLASSES
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Glasses and ceramic glass materials that can be prepared in binary system CaOP2O5 are interesting because of their potential applications in field of biomaterials
related to reparation and reconstruction of damaged bones and teeth [1]. The
influence of different method of preparation on thermal properties of 50CaO-50P2O5
glasses was studied. The first method was based on a mixture of Ca(NO3)2.4H2O and
(NH4)2HPO4. The second method used a process that was based on CaNO3 and
H3PO4 mixture. Prepared mixtures were firstly calcined in muffle furnace to 650 °C
and consequently melt in Pt – crucible at 1 100 °C. The glasses were prepared by
pouring the melting on an iron underlay to ensure a quick cooling of it. Thermal
properties of glasses (the temperature of glass transition (Tg), the temperature of
crystallization (Tp) and the melting temperature (T m) of originated crystallization
phase) were determined by the differential thermal analysis. The influence of the
fraction size and the method of preparation on the process of crystallization of
studied glasses was obtained due the dependance of apparent activation energy of
crystallization and Avrami coefficient M on the stated variables. The process of
crystallization was described by JMAYK – equation. Calculations were made by the
least squares method. The influence of preparation method on the final thermal
properties of 50CaO-50P2O5 glasses was determined by comparison of obtained
values.
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Glassy materials formed within the ZnBr2–Sb2O3 system are promising materials
for applications in infrared optics and optoelectronics. The large glass forming area
ranges from 20 to 90 mol% of Sb2O3. Some compositions within this particular
system show very high stability against devitrification. No crystallization peaks can
be found in thermograms recorded by differential scanning calorimeter by heating
with the rate of 10 °C/min and belonging to glass compositions containing 50-60
mol% of Sb2O3. On the other hand, these glasses are more susceptible to external
conditions and, in appropriate circumstances, a layer of corrosion products forms on
their surface. The optical transmission region of these glasses falls into the range of
0.4 and 7 μm, and their refractive index is about 2.0-2.1. Glass transition is
approximately 300 °C.
Structural models of the ZnBr2–Sb2O3 glasses were calculated by First Principles
Density Functional Theory Molecular Dynamics (FP DFT MD) simulation using
VASP 4.6 software, Perdew-Burke-Ernzerhof (PBE) functional and soft projector
augmented wave (PAW) pseudopotentials. Total and partial radial distribution
functions (RDF), coordination numbers and pair correlation functions were
determined. The results obtained by simulation will be further correlated with low
angle x-ray diffraction measurements.
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Organic molecules including most of pharmaceutical compounds are prone to
polymorphic formation in the solid state [1,2]. The variation in crystallization
environment (e.g., solvent), the same molecules can pack differently and form
different crystal lattices or polymorphs. Among various types of polymorphism[3],
the conformational polymorphism is encountered recently in the compound (Z)-2phenyl-3-(4-(pyridin-2-yl)phenyl)acrylonitrile (Z-PPyPAN), do it that exhibits
different emission spectra[4]. Therefore the cause of polymorphism in is important
to study from theoretical viewpoint [5,6]. In this work, theoretical calculations using
several methodologies and software packages were carried out in order to go into
detail about the importance that the molecular conformation plays in the properties
of both polymorphs and the possible connection between crystal packing and the
molecular conformation in order to try to understand the polymorphism behavior for
the compound Z-PPyPAN. We proposed to examine the conformational
polymorphism with density functional theory (DFT). By assuming energy is a
functional of electron density, DFT has established a realm of methods and
principles in exploring electronic structures of various types of molecular systems
including organic crystals. We aim to evaluate the electronic structures of crystal
lattice, particularly using a DFT-derived concept named nuclear Fukui function, for
understanding how crystal packing affects molecular conformation in
conformational polymorphs.
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It is known that it is possible to obtain high-purity materials with nearly 100%
homogeneous composition of different isotopes by using an elaborate technique of
stable isotope separation. It has entailed numerous studies of the influence to
monoisotopic or isotopically – changed the composition of their thermodynamic,
structural and optical properties [1].
In this report we present DFT calculations to estimate the isotopic shifts in the
IR- and Raman spectra, and thermodynamic parameters of the lead chalcogenides.
The geometries were optimized at the DFT level by using the B3LYP/SDD
within the GAUSSIAN and BP86/TZ2P+ within the ADF [2]. These results have
been used to calculate the geometrical parameters, vibrational frequencies, energy
shifts. All of the above calculations were performed for the series of sulfur,
selenium, tellurium, and lead compounds as well as PbS, PbSe and PbTe, located in
the gas phase. The calculation of electronic structure and characteristics of
chalcogenides, located in the crystalline state held a full-potential linear method
augmented plane wave (FLAPW, code WIEN2k [3]) with the generalized gradient
approximation (GGA) exchange-correlation potential [4] with full structural
optimization. Density electronic states were obtained by tetrahedral.
This method of calculating gives adequate results in the prediction of the
geometric parameters, dissociation energies, IR- and Raman spectra, band gaps, the
lattice constants of lead chalcogenides calculated by FLAW method in solid state
and B3LYP/SDD, BP86/TZ2P+ in gas phase are quite close to the experimental
values in the lead chalcogenides. The influence of different isotopes of S, Se, Te,
and Pb to the spectral and thermodynamic parameters of lead chalcogenides was
studied. It is shown the existence of multi-parametric correlations between the
energy of the unit cell and mass of the isotopes. The analysis of the ionicity [5] of
the lead-chalcogen bonds in the gas phase and a solid state pointed out that the
covalent component decreasing from sulfur to tellurium.
[1] E. E. Haller, Solid State Communications, 133, 693-707 (2005)
[2] ADF2004.01.SCM. Theoretical Chemistry. Amsterdam: Vrije University.
[3] P. Blaha, et al., WIEN2k. Vienna Univ. Technol.: Vienna, 2001
[4] J. P. Perdew, K. Burke, M. Emzerhof, Phys. Rev. Lett., 77, 3865-3885 (1996)
[5] G. Frenking, K. Wichamann, et al., Coord. Chem. Rev., 238-239, 55-82 (2003)
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Ettringite (E) is a hexacalcium aluminate trisulfate hydrate mineral
(Ca6[Al(OH)6]2(SO4)3x~26H2O) that is formed mainly during Portland cement
hydration. The formation of E results in a volume increase in the fresh, plastic
concrete, which has also been associated spatially with severe cracking in the cured
hardened concrete. FTIR spectroscopy is frequently used in a characterization of the
hydration products in cement including E. FTIR and Raman experimental studies
reported vibrational modes of E. However, detailed and complete analysis of the
individual vibration modes has not been done yet. The presented work combines
experimental (FTIR) and theoretical (density functional theory-based, DFT) study of
the vibrational motions in the E mineral. Vibrational spectrum is calculated and used
in the interpretation of experimental IR spectrum of E, which has a complex
structure with overlapping bands and, consequently, its interpretation is problematic.
Although the calculated bands are without anharmonic corrections, the spectrum
reflects all typical features of the measured IR spectrum (Fig. 1). The analysis of the
calculated vibrations, for example, distinguishes mixing of asymmetric OH
stretching vibrations of water molecules (as(OHw)) and symmetric vibrations
(s(OHAl)) of the OHAl groups appearing at 3617 cm-1 as shoulder A1 in Fig. 1.
Further, asymmetric O-H stretching vibrations of the water molecules are also
assigned to bands at 3577 cm-1 (A), 3485 cm-1 (B), 3443 cm-1 (C), 3391 cm-1 (D), and
3285 cm-1 (E), respectively. The peak at
2897 cm-1 (F) with a shoulder at 2957 cm-1 (F1)
can be assigned to the symmetric OH vibrations
of water molecules. In opposite to the calculated
spectrum, the experimental spectrum (Fig. 1)
shows only very broad complex band in the highfrequency region (a) and bands with very low
intensity at 2922 cm-1 (b) and 2832 cm-1 (c)
corresponding to the symmetric OHw vibrations.
Fig.1 Experimental IR and
calculated vibrational spectrum
of ettringite.
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DIFFUSION OF IONS IN ORGANICALLY MODIFIED CLAYS –
EXPERIMENTAL AND MOLECULAR DYNAMICS STUDY
R. Šolc1, D. Tunega1*, S. Dultz2, B. Schampera2
1

Institute for Soil Research, University of Natural Resources and Life Sciences,
Peter-Jordan-Straße 82, A-1190 Vienna, Austria
2
2Institute of Soil Science, Leibniz University of Hannover, Herrenhäuser Straße 2,
30419 Hannover, Germany.
*
The corresponding author’s e-mail: daniel.tunega@boku.ac.at
Keywords: organoclays, diffusion coefficient, molecular dynamics
In clays such as smectites, a negative charge of layers is induced by isomorphous
substitution in the mineral lattice and is imbalanced by inorganic cations (e.g. Na +,
Ca2+) in interlayer galleries. This results in a preferential attraction of polar water
molecules by solvation of the interlayer and surface cations and is responsible for
hydrophilic surface properties of smectites and a low adsorption capacity for nonionic compounds [1]. The limited uptake capacity for non-ionic compounds can be
increased by exchanging interlayer inorganic cations by organic cations to form
organic-clay complexes known as organoclays. Depending on the type and amount
of the organic cation it is possible to tune required properties of organoclays.
One of the basic transport processes in porous media is diffusion, generally
influenced by surface properties. Therefore, above mentioned modification of
surface characteristics of smectites will have an impact on diffusion coefficients
(DC). Diffusion of ions in montmorillonite is well examined [2] but less is known
about transport properties of ions or non-polar compounds in organically modified
montmorillonites.
This work presents experimental and classical molecular dynamics (MD) study
of diffusion of small ions (Na+, Cl-, I-, NO3-) in modified organoclays based on the
montmorillonite clay mineral intercalated by hexadecyltrimethylamonium
(HDTMA+) and hexadecylpyridinium (HDPy+) cations, respectively. In the MD
study, DCs are calculated in a complex layer deposited on the montmorillonite
surface. Such layer consists from a mono(bi)molecular layer of organic cations,
water slab, and a corresponding number of ions. A surface coverage in models
ranged from 0.125 to 1.5 organic cation/Auc (surface area of computational unit cell).
The simulations were performed by the LAMMPS [3] package. Inter- and
intramolecular interactions in the organoclay models were described by the
CLAYFF and OPLS-AA force fields, respectively. The SPC/E water model was
used for water interactions. We observed the decreasing of DCs of ions with the
increasing surface density of the organic cations what is in a good agreement with
the experimentally obtained results.
[1] S.A. Boyd, S. Shaobai, J.F. Lee, M.M. Mortland, Clays and Clay Minerals, 36, 125-130 (1988)
[2] H. Sato, S. Miyamoto, Applied Clay Science, 26, 47-55 (2004)
[3] S. Plimpton, J Comp Phys, 117, 1-19 (1995)
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Self-assembled monolayers (SAMs) are ordered molecular assemblies formed
spontaneously by adsorption of an active surfactant on a solid surface. The required
properties of SAMs can be achieved by a variation of the length of alkane chains,
their termination by functional groups, and surface density coverage. SAMs are used
as surface coating for applications including control of wetting and adhesion,
chemical resistance, bio compatibility, friction, biosensing and in many others areas
[1].
Wettability of surfaces is primarily related to an energetic characteristic of
surface. The wetting ability of a solid surface is mainly determined by its chemical
composition, structure and topography [2]. Contact angle (CA) measurement is a
common method for determining wettability of surfaces and corresponding surface
free energies. As an alternative to CA, molecular dynamics simulations on
nanodroplets interaciong with surfaces can be used for wettability characterization.
In the presented work, we investigated wettability of organically modified (001)
surface of tridymite terminated by several siloxanes with a different chain length and
polarity of tail group. First three models were built on the base of silanes with a
different amount of methyl groups, namely: chlorotrimethylsilane (CTMS),
dichloromethylsilane (DCDMS) and trichloromethylsilane (TCMS). Next model
was determined from silane having longer alkyl chain and terminated with polar
amino group - aminopropyltriethoxysilane (APTES). The last model was derived
from silane with a long alkyl chain - octadecyltrichlorosilane (OTS). Two different
concentrations of the surface coverage were modeled: 50 and 100% (corresponding
to 10.77 and 21.53 molecules/Å2). The interactions of water nanodroplets with
surfaces were studied performing classical molecular dynamics simulations at room
temperature (NVT ensemble) using the LAMMPS program package [3]. The
inorganic surface was described by the CLAYFF force field, whereas organic chains
were expressed by the OPLS-AA force field. The SPC/E potential was used for
water molecules. From temporal evolution and averaged shape of the water
nanodroplets on the organically modified surfaces their hydrophobic/hydrophilic
character was determined.

[1] A. Ulman, Chem. Rev., 96, 1533-1554 (1996)
[2] J. Bachmann, R. Horton, R.R. Ploeg, S. Woche, Soil Sci. Soc. Am. J, 64,564-567 (2000)
[3] S. Plimpton, J Comp Phys, 117, 1-19 (1995)
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DFT (metod functional density) - important instrument analysis property
material. Modern level development theory and calculation means allow make
quantum-chemical calculation complicated joining (organic and elementorganic).
Calculation energy interaction between nucleus atom/s gas dimmer nanoclasters in
gas chromatography column make with help DFT. Break theory bind with theorem
Choenberga-Kona. Kon and Shem propose equation for calculation energy system /s
nointeraction nucleus and electron:

EKS    T    drVext (r )  (r )  EH    En.n  EXC  

E KS   - enerqy system nointeraction nucleus and electron; T  - kinetic energy
system; E H   - culon energy; En.n. – energy interactions between nucleus atoms;
Exc   - exchange-correlation part energy;
From experimental data calculate energy interactions between nucleus atoms
nucleus in gas dimmers nanoclasters bei sorption:
E n.n. (Tcol.-160oC)= -7,12·106 J/mol (for dimmer benzene);

E n.n. (Тсol.-90oC)= -0,8·104 J/mol (for dimmer toluol);
E n.n (Tcol.- 150oC)=-1,07·104J/mol(for dimmer piridin).
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Development of nanochemistry and nanotechnologies predetermined one of actual
problems of modern analytical science – development of methods of the chemical
analysis of the various objects containing nanodimensional components, and composite
materials on their basis – nanocomposites [1]. One of the methods using nanocomposites
as a sorbent is gas chromatography (GH). As a result of experiment it is found out that at
a hemosorbtion the gas dimmer, representing fractal nanoclusters [2]. Such unit
represents association N atoms, primary, which be formed friable supramolecular
structure. Under fractal cluster is meant unit with minimum size of a making particle ro
and the maximum rf size characterizing the size of the most fractal cluster, and
possessing property of self-similarity (the maximum invariancy). Modeling carried out
r
[3] according to:
M ( )  ND
ro

where M - number of the reduced copies; N (r) - frequency rate of the reduced
copies; D – dimension, represents an indicator of imperfection of system. D<d, where dsize usual (evklidov) space, for volume d=3. Data of modeling of dimeric nanoclusters
of gases
Table1. Data of modeling of dimeric nanoclusters of gases (dissolve effect)
Tcol., оС
N
Tcol. оС
N
(dimmer toluene)
(dimmer piridin)
90
1,8
120
5,7
130
2,02
140
4,9
140
2,3
150
4,9
150
2,4
160
5,7
170
2,5
170
7,0
190
2,4
180
6,8
The model of gas dimer is considered according to processes of a micellar catalysis.
Тable 2. Data of modeling of dimeric nanoclusters of gases(spilloverH+)
Tкол, С
N
Tкол оС
N
Tкол оС
N
(dimmer
(dimmer
(dimme
110
3,5
120
1,4piridin)
80
37,2
toluene)
r benzene)
120
1,53
130
1,8
90
18,9
130
1,6
140
1,8
100
5,7
140
1,4
150
1,8
110
15,9
150
1,0
160
1,3
160
2,9
160
1,5
170
1,1
170
1,1
180
1,0
180
2,1
185
4,5
190
2,0
[1] N.G. Rambidi, Nanotechnologies and molecular computers. M: Physmatlit; 2007, 256 p.
[2] I.P. Suzdalev, Physics-chemistry nanoclusters, nanostructure and nanomaterial. М. Kom Book,
2006, 592 p.
[3] A.G. Stromberg, D.P. Semchenko. Physical Chemistry, M: Hingher School, 2001, 527 p.
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BACE0.5ZR0.3Y0.08YB0.08CU0.04O3-Δ PROTON ELECTROLYTES:
SYNTHESIS, CHARACTERIZATION AND POLARIZATION STUDIES
USING COBALT ELECTRODES IN H2 ATMOSPHERE
S. Mitri1, D. Medvedev2, E. Gorbova, A. Demin2, P. Tsiakaras1,2*
1 Laboratory of Alternative Energy Conversion Systems, Department of Mechanical
Engineering, University of Thessaly, Pedion Areos, 38334, Volos, Greece
2
Institute of High Temperature Electrochemistry, 620990 Yekaterinburg, Russia
*
The corresponding author’s e-mail: tsiak@uth.gr
Keywords: solid state synthesis, polarization study, BaCe0.5Zr0.3Y0.08Yb0.08Cu0.04O3-δ,
proton conductor, cobalt electrode, SOFCs
Proton conductors with the perovskite structure ABO3 are promising candidates as
electrolytes for SOFCs because of their low activation energy at intermediate temperatures
such as key materials for other electrochemical devices such as chemical sensors and stem
electrolysis cells [1].
In this work in order to develop a cost-effective route to fabricate proton-conducting
intermediate temperature solid oxide fuel cells (IT-SOFCs), a dense novel ceramic material
with the formula BaCe0.5Zr0.3Y0.08Yb0.08Cu0.04O3–δ is successfully synthesized
Figure 1. Effect of temperature on the
exchange current density during the
polarization
of
the
interface
Co//BaCe0.5Zr0.3Y0.08Yb0.08Cu0.04O3-δ//Co in
hydrogen atmosphere (PH2 = 20, 50, 101 kPa).
Inset: Conductivity values (4-point) of the
BaCe0.5Zr0.3Y0.08Yb0.08Cu0.04O3–δ material for
500-900oC in wet hydrogen.
and sintered at 1400°C by solid state
synthesis and then its crystal structure, ceramic
and electrical properties are investigated [2]. It is
found that the ceramic has a high relative
density, more than 90%, and good transport properties.
This material is used as electrolyte for the study of the steady-state current-overpotential
characteristics of the Co//BaCe0.5Zr0.3Y0.08Yb0.08Cu0.04O3-δ//Co interface as a function of the gas
phase composition and temperature. The three electrode system is immersed in a singlechamber continuous stirred tank reactor (SC-CSTR), the polarization measurements are carried
out in the temperature range between 500-700°C and at three different H2/He compositions.
High current density values (~10mA/cm2 at 700oC) are measured at relatively low temperature
and electric potential values. The values of apparent anodic and cathodic charge transfer
coefficients are similar (αa = αc = 0.8) while the apparent activation energy is calculated
to be relatively low (0.5±0.05eV). Moreover, as expected it was found that hydrogen
concentration directly affects the current density for hydrogen concentrations less than
50%.
Acknowledgments: The present work was financially supported by Grant of the
Government of the Russian Federation (no. 14.Z50.31.0001) and by Greek Ministry of
Development- GSRT “SYNERGASIA” Program (09SYN-32-615: ECHOCO2).
[1] E.C. Camilo de Souza, R. Muccillo, Materials Research. 13, 385-394 (2010)
[2] M. Ananyev, D. Medvedev, A. Gavrilyuk, S. Mitri, A. Demin, V. Malkov, P. Tsiakaras,
Electrochimica Acta, 125, 371-379 (2014)
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THERMODYNAMIC STABILITY OF Zr-SUBSTITUTED BARIUM
CERATE SYSTEM
D. Medvedev2, S. Mitri1, Yu. Lagaeva2, A. Demin2 and P. Tsiakaras1,2*
1
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Numerous research works have shown that a high level of protonic conductivity was
achieved for BaCeO3 doped oxides. However, there is a serious drawback limiting the
potential use of such compounds: the insufficient thermodynamic stability of BaCeO3based systems against H2O, CO2, H2S and SOx. Zirconium can be considered as one of
the most suitable dopants for BaCeO3 systems, because Zr-introduction has a less
dramatic effect on conductivity deterioration than in Sn-, Ti-, Bi-, Nb, In-doped analogs
and, on the other hand, a considerable enhancement of materials thermodynamic
stability [1].
From this viewpoint, the present work focuses on: 1) the estimation of the stability
of BaCe0.8–xZrxY0.2O3–δ (BCZYx, x=0, 0.1… 0.8) proton conducting electrolytes in
atmospheres containing high concentration of H2O, CO2 and H2S; and 2) the
identification of the optimal material of the investigated system.
In order to investigate the chemical stability of BCZYx, the ceramic samples were
treated by air (which had been initially pumped through the boiling water), pure CO2 and
10% H2S/Ar at 700°C for 10 h. The phase nature was estimated by the comparison of
both XRD patterns obtained before and after expositions, and the values of unit cell
parameters of each samples. When BCZYx ceramics were treated by H2O, no CeO2 and
Ba(OH)2 impurities were found by XRD analysis performed after water expositions.
Moreover, the perovskite phase remains chemically stable even for BCZY0. The
chemical nature of BCZYx significantly changes in pure CO2.
The reaction between ceramic samples and CO2 is registered by XRD data for low
value of x (x<0.3), whereas other materials are stable. Finally, for H2S-treated samples the
significant interaction is realized for Ce-rich materials (x<0.4) with the formation of
sulfide or oxysulfide compounds.
In additional, sulphurizing was visually observed because of the dense ceramic samples
with x = 0, 0.1 and 0.2 were crumbled to the powder structures during high temperature
H2S-exposition (unlike to H2O- and CO2-expositions), whereas the materials remain their
integrity for the higher concentration of zirconium. The unit cell parameter of exposed
samples with x≥0.3 insignificantly changes from based materials, showing acceptable
tolerance properties.
On the base of presented data, the introduction of 30 mol.% of Zr in the BaCeO3based materials is the guarantee of their good thermodynamic stability.
Acknowledgments: The present work was financially supported by Grant of the
Government of the Russian Federation (no. 14.Z50.31.0001) and by Greek Ministry of
Development- GSRT “SYNERGASIA” Program (09SYN-32-615: ECHOCO2).
[1] D. Medvedev, A. Murashkina, E. Pikalova, A. Demin, A. Podias, P. Tsiakaras Prog. Mater. Sci.,
60, 72–129 (2014)
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