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PREFACE

Since 2012, the IBR high flux pulsed reactor renewed regular operation at nominal power for
scientific research and realization of the User Programme. Neutron scattering research at IBR-2
reactor covers different fields of condensed matter physics, materials science, chemistry, biophysical,
geophysical and engineering sciences. At present, 200 experiments per year are performed by
scientists from more than 20 countries at IBR-2 instruments in the framework of the User
Programme.

The aim of the regular Conferences on Condensed Matter Research at IBR-2 reactor, playing
the role of the User Meetings, is to bring together the users of the neutron facility for discussion of
recent experimental results, prospects of future research and development of IBR-2 instruments. The
previous Conference was held in June 2014 and attracted 105 participants from Azerbaijan, Bulgaria,
Czech Republic, Germany, Italy, Moldova, Mongolia, Romania, Russia, Slovak Republic, Ukraine.

The topics of the Conference will highlight results of interdisciplinary research and
development of neutron instruments and techniques, including:

- Functional and nanostructured materials;

- Magnetic colloid systems;

- Layered magnetic nanostructures;

- Carbon nanostructures;

- Materials under extreme conditions;

- Soft condensed matter:

biological nanosystems,

lipid membranes,

polymers;

- Lattice and molecular dynamics of materials;
- Texture and properties of rocks and minerals;
- Residual stresses in materials and products;

- Neutron imaging;

- Development of IBR-2 instruments;

- Development of neutron scattering techniques;
- Development of neutron detectors.

The present Conference will be dedicated to 100th anniversary of the birth of outstanding
Soviet physicist Fyodor L. Shapiro, who provided fundamental contribution to establishment and
development of the experimental facilities and basic research areas at the Frank Laboratory of
Neutron Physics, Joint Institute for Nuclear Research.

Organizing Committee



Fyodor
Lvovich

SHAPIRO

06.04.1915 - 30.01.1973

1941 - graduated from M.V.Lomonosov Moscow State University (MSU)
1945-1959 - Physics Institute of the USSR Academy of Sciences, Moscow
1959-1973 - LNP JINR, one of the LNP founders, Deputy Director

1962 - Doctor of Sciences (Phys. and Math.) defended in ITEP (Moscow)
1968 - co-author of the discovery “Phenomenon of retention of slow neutrons”
1967 - Professor of M.V.Lomonosov Moscow State University

1968 - Corresponding Member of the USSR Academy of Sciences

1971 - laureate of the State Prize

1977 - laureate of the I.V.Kurchatov Prize of the USSR Academy of Sciences

F.L.Shapiro belonged to the generation that came to the science later than the others did. After
his graduation from M.V.Lomonosov Moscow State University in 1941 he, as well as his
contemporaries, fought at the war. And only in 1945 he was accepted to the Physics Institute of the
USSR Academy of Sciences as a post-graduate student to [.M.Frank with whom he worked closely
in all the succeeding years of his life. In 1946 F.L.Shapiro, an assistant of the chair of nuclear
physics in MSU headed by [.M.Frank, lectured on neutron physics and organized practical work on
nuclear physics. In 1947 F.L.Shapiro was taken on as a junior research assistant to I.M.Frank’s
Laboratory and took part in the investigations of subcritical uranium-graphite assemblies using the
prism method. In these studies the important data for reactor engineering were obtained and some
aspects of reactor physics were specified. In the early 50s Shapiro’s group proceeded to the practical
realization of the neutron slowing-down spectrometry in lead. On this spectrometer for the first time
the neutron radiation capture cross-sections for more than ten nuclei were measured and a number of
effects became a scientific sensation, namely the deviation of cross-sections from the 1/v law that
had been assumed to be universal for all nuclei. In addition, in the course of work on the “lead cube”
(lead slowing-down spectrometer) F.L.Shapiro suggested the method of unsteady-state neutron
diffusion in multigroup approximation and developed it with M.V .Kazarnovsky, a theoretician in his



group. These works received wide recognition and F.L.Shapiro presented them at the Geneva
Conference on Peaceful Uses of Atomic Energy in 1955.

In 1958 1.M.Frank proposed that F.L.Shapiro combine his job in the Physics Institute with the
work in the Laboratory of Neutron Physics (JINR) headed by him, where the construction of a pulsed
reactor on fast neutrons was already underway. Feodor Lvovich agreed and rather quickly became
deeply involved in the work of the Laboratory.

At the same time F.L.Shapiro together with I.Ya.Barit and M.I.Podgoretskii proposed an
experiment using a just discovered Moessbauer effect to verify the consequence of the relativity
theory to observe a photon frequency shift in gravitational and inertial fields. In the experiment
conducted in LNP, velocity spectra of a narrow gamma-line of Zn67 with a record to the present day
relative energy resolution of about 10-15 were obtained, but the effect appeared to be too small and
insufficient to be used in a gravitational experiment. Later on American physicists were the first to
perform an analogous experiment with another isotope.

In 1960 the IBR reactor was put into operation and the investigations of total and partial
neutron-nucleus interaction cross-sections on its beams began. On one of the beams the method of
neutron beam polarization suggested by F.L.Shapiro by passing neutrons through a polarized proton
target was successfully tested. On this installation the spins of neutron resonances of some nuclei
were measured and a set of amplitudes for neutron-deutron scattering at small energies was
determined. Later on the installation was used for other experiments, in particular, the resonant
amplification of P-violation effect was discovered on it.

In 1961 F.L.Shapiro suggested that the IBR reactor be used for condensed matter
investigations. He proposed the inverse geometry method characterized by higher luminosity that
made it possible to study atomic thermal vibrations in solids and to measure the self-diffusion
coefficient at a liquid-vapor critical point, which refuted the results of numerous macroscopic
experiments that suggested the termination of diffusion at a critical point. F.L.Shapiro together with
Polish physicist B.Buras has substantiated the application of the time-of-flight method for diffraction
studies of structure of matter. In FLNP with the direct participation of F.L.Shapiro the neutron
diffraction method was applied for magnetic structures in strong pulsed fields.

In 1968 F.L.Shapiro proposed a way to test the validity of the time parity conservation law in
the experiment on observation of a neutron electric dipole moment. He suggested that this extremely
weak effect could be observed only for very slowly moving (ultracold) neutrons. This idea got a
skeptical reception from many physicists since a share of UCN in a reactor beam did not exceed one
hundred milliardth. The IBR beams were very weak, but nevertheless in the summer of 1968
F.L.Shapiro with his colleagues successfully carried out the experiment on first observation of UCN.
Within a few years this result was registered as a discovery. Further studies with UCN were
transferred to more powerful stationary reactors.

[.M.Frank used to repeat that he was only a director and the whole “science” in the Laboratory
was in charge of F.L.Shapiro. Of course, it was not quite so. .M.Frank, Academician, the Nobel
Prize winner was a very shrewd and far-sighted leader — he saw a powerful generator of ideas in
Shapiro, gave him freedom and opportunities for their realization. Shapiro’s ideas underlay the
majority of investigations carried out in the Laboratory, not because he was of higher rank, but
because among all suggested ideas his idea used to be the best. It was a great piece of luck that such
two persons as .M.Frank and F.L.Shapiro met and successfully supplemented each other.

Original text from FLNP Web site:
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INTRODUCTTION

RUSSIA NEUTRON LANDSCAPE

V.L.Aksenov

Petersburg Nuclear Physics Institute NRC ““Kurchatov Institute” (Gatchina),
Frank Laboratory of Neutron Physics JINR (Dubna)

Review of modern trends in neutron physics and present state and perspectives of neutron
sources in Russia is presented.

The discovery of Higgs boson initiated more activities in researches beyond of Standard
Model. First of all it concerns with measurements of the neutron electric dipole moment. New
possibilities were appeared in investigations of basic problems in quantum theory: paradoxes of
“Schrodinger and Cheshire Cats”. In these investigations ultracold neutrons (UCN) are used. New
concept of UCN sources were proposed by JINR-ILL group. Modern problems in nuclear physics
and structural biology are discussed.

Perspectives of research with the use of beam neutrons in Russia are related mostly with
reactors IBR-2 and PIK. Other neutron sources in Europe and Russia are discussed. Proposals of a
new neutron source on the base of IBR-2 reactor after 2037 are discussed. The running state in the
construction of the reactor PIK is reported.
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The aim of the work is to clarify the correlation between structure and toxicity and also
biological activity of the fullerene aqueous solutions, which will lead to the rapid development of
biomedical applications of such systems.

The given report presents results of complex structural characterization, toxicity and efficiency
in antitumor therapy for various types of fullerenes Ceso and C7o aqueous solutions, and also their
complexes with anticancer drugs. Correlation of structure with biological properties of studied
fullerenes systems is analyzed.
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STRUCTURE OF AQUEOUS GELS OF NANODIAMONDS BY SMALL-ANGLE
NEUTRON SCATTERING

V.T.Lebedev!, Yu.V.Kulvelis!, M.V. Avdeev?, A.1.Kuklin?, A.Ya.Vul?

Petersburg Nuclear Physics Institute, NRC Kurchatov Institute, Gatchina,
Leningrad distr., Russia

2Joint Institute for Nuclear Research, Dubna, Russia

3A.F.loffe Physical-Technical Institute of RAS, Saint-Petersburg, Russia

Recent results of structural studies of first prepared aqueous gels of nanodiamonds with
charged surface are presented. The obtained SANS-data (YuMO-facility) allowed observe a short-
range order in the ensembles of carbon particles (size D ~ 6 nm) associated into fractal clusters
interpenetrating and forming a network at scale ~ 100 nm. These structures are stable in the
concentration range of diamonds C ~ 1-5 wt. % at ambient temperature according to neutron
scattering results.

The pattern in Fig.1 illustrates the behavior of the scattering cross section a(q) (per unit solid
angle and for 1 cm® of sample volume) as a function of momentum transfer for the gel with 5.05 %
wt. of carbon component. Spectrum profile demonstrates a kink at ¢ ~ g* = 2x/D = 1.5 nm! the
position of which is defined by a characteristic particle size. Thus, at > q* scattering from single
particles dominates, o(q) ~ 1/q*!8, where the exponent indicates their slightly diffusive borders. On
the other hand, at q < g* a gain of cross section a(q) ~ 1/q%" at low g-values is determined by the
interference in scattering when the particles are organized into large-scale clusters having fractal
dimension dr = 2.33.

In the first approach the scattering spectra (Fig.1a) for this gel as well as for diluted systems
are described by the function being the sum of partial scattering functions for spherical particles
having radii R. The related distribution of their volume parts Cv(R) has a main peak with maximum
position Rm1 ~ 3 nm ~ D/2 corresponding to characteristic radius of diamond particles (Fig.1b).
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Fig.1. (a) Cross section a(q) of gel (5.05 % wt.) vs. momentum transfer. Lines show the intervals with
characteristic exponential behaviors. (b) Restored volume part Cv(R) of scattering objects with the radii R.
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While the second peak at Rm2 ~ 7 nm should be attributed to the correlations of neighboring
particles near any chosen particle (first coordination sphere), it is revealed in scattering as a
contribution of clusters with diameter ~ 2Rm2 ~ 14 nm.

Along with this, more extended formations are visible in spectrum at the radii R ~ 10-20 nm.
These structures having the size < 40 nm are characterized by fractal scattering law o(q) ~ 1/q'. The
interpenetration of clusters creates a gel network where a size of cells ~ 40 nm ~ 2n/q** can be
estimated from the value of g** ~ 0.015 nm below which scattering is depressed due to structure
factor in concentrated system of cells (Fig.1a).

In general, the discussed peculiarities in scattering are qualitatively of the same kind as a short-
range order in concentrated diamond dispersions where the correlations of particles are detected at
the distances ~ 20-30 nm related to the maximum of structure factor [1-3]. In both cases the
mechanism of diffusion limited aggregation leads to the integration of particles. However, the role of
electrostatic forces in gel arisen from charged facets of particles is more pronounced when the
particles are covered by massive hydration shells which serve as the links between particles, and it
makes the system being solid-like.

[1] M.V.Avdeev, N.N.Rozhkova, V.L.Aksenov, V.M.Garamus, R.Willumeit, E.Osawa, J.Phys. Chem. C, (2009) 113,
9473.

[2] O.V.Tomchuk, L.A.Bulavin, V.L.Aksenov, V.M.Garamus, O.I.Ivankov, A.Ya.Vul’, A.T.Dideikin, M.V.Avdeev, J.
Appl. Cryst. (2014) 47, 642.

[3] O.V.Tomchuk, D.S.Volkov, L.A.Bulavin, A.V.Rogachev, M.A.Proskurnin, Chem. C (2015) 119, 794.
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COMPUTATIONAL STUDTIES

MICROSTRUCTURE OF ORGANIC SOLUTIONS OF MONO-CARBOXYLIC ACIDS:
COMBINED STUDY BY SMALL-ANGLE NEUTRON SCATTERING AND MOLECULAR
DYNAMICS SIMULATIONS

R. Eremin', V. Petrenko', L. Rosta?, Kh. Kholmurodov', M. Avdeev!

1 Joint Institute for Nuclear Research, Dubna, Russia
2 Wigner Research Centre for Physics, Hungarian Academy of Sciences, Budapest, Hungary

E-mail: era@jinr.ru

The problem of the experimental small-angle neutron scattering (SANS) data structural
interpretation for diluted organic solutions of saturated monocarboxylic (namely, myristic and
stearic) acids in deutarated (d-) benzene and decalin is considered. Despite the fact acid molecules
size is enough to obtain reliable SANS signal it is demonstrated that Guinier approximation is not
applicable within the structural data interpretation for the both mentioned solvent simultaneously [1]
according to the residual incoherent background (bkg) values. This observation is mainly caused by a
specific short-range solvent ordering in the vicinity of the acid molecules and its inhomogeneous
effect on the scattering that is greater for decalin-based solutions.

In the first instance, we used the method of classical molecular dynamics (MD) simulations to
obtain the atomic number density distributions, and, as a consequence, the scattering length density
(SLD) spatial distribution in the solute — solvent interface area (about 2 nm around the acid
molecules), assuming the acid molecules rigid (all-trans) conformation and non-associated state in d-
decalin [1]. Basing on the cylindrical symmetry of the acid molecules a number approximations to
the simulated SLD distributions were probed to achieve the best consistency with the experimental
SANS curves by varying of the bkg parameter only.

The following modelling of SANS from MD calculations for stearic acid in d-benzene [2] was
carried out and no sufficient deviations of the obtained SANS signal from the Guinier-predicted ones
were expected. However, the indications of the overestimated bkg value in Guinier approach were
obtained. That fact demonstrated a necessity of other structural properties of fatty acids organic
solutions accounting. In addition to the solvation shell formation the acid molecule dimerization and
alkyl chains trans/gauche isomerization are the main intrinsic particularities of studied systems. In
particular, the degree of dimerization was found from the FTIR measurements and scattering model
was modified. In result, the effective characteristic sizes of the acids in solutions comprising the
information about the molecule trans/gauche isomerization were obtained and an agreement with the
experiment was achieved for the both studied solvents.

For decalin-based solutions the increase in solvent excluded volume in comparison with
benzene-based ones was observed repeating the results of acid limiting molar volumes calculations
[3]. Finally, the SANS data for concentrated solutions showed a partial self-assembling of the acids
within the nematic transition. The differences in this effect for the two solvents can be explained by
the acid lyophobic peculiarities revealed in the analysis of diluted solutions in the scope of the
scattering model plotted in the frame of the current research.

[1]R.A. Eremin et al., J. Appl. Cryst. 46 (2013) 372-378.
[2] R.A. Eremin et al., Phys. Sol. State 56 (2014) 81-85.
[3] R.A. Eremin et al., Rus. J. Phys. Chem. A 87 (2013) 745-751.
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INVESTIGATION AND THEORETICAL MODELING OF POLYSTYRENE GLASS
TRANSITION IN A WIDE RANGE OF COOLING RATES

T.V. Tropin!, G.Schulz?, .W.P. Schmelzer®!, C. Schick?

LJoint Institute for Nuclear Research, Dubna, Russia
2Institut fir Physik der Universitat Rostock, Rostock, Germany

E-mail: ttv@jinr.ru

The formulation of a comprehensive theory of the glassy state and of the glass transition
remains one of the challenges for modern physics [1]. This is one of the reasons of the continuing
interest in analysis of these problems. In addition, also from a practical viewpoint, experimental
study and theoretical description of glass transition are very important topics, due to the wide
distribution of modern technological applications of glasses as well as their frequent occurrences in
everyday life.

Polymers are known to be good glass formers, allowing one to study glass transition effects as
well as to verify the applicability of various theoretical models [2]. In the presented work
experimental and theoretical investigations of glass transition of atactic polystyrene (PS) in a broad
range of cooling rates (5-10%-2 K/s) were performed [3]. The capability of commonly employed
theoretical techniques for Cp modeling to describe the obtained data is considered. It is shown that
the extended Tool-Narayanaswamy-Moynihan (TNM) model with Vogel-Fulcher-Tammann-Hesse
(VFTH) or Adam-Gibbs (AG) expressions for relaxation time with the common single set of
parameters do not fit the experimental data well. Moreover, the values of parameters required to
produce an adequate fit of the whole set of heating curves are quite different from their estimates
obtained from independent additional experiments. An additional expression for relaxation time is
proposed within the Gutzow-Schmelzer (GS) approach for describing the kinetics of glass transition
leading to results of similar precision. The obtained results reconfirm the general conclusion that the
considered models of glass transition require parameter readjusting for different cooling or heating
rates in order to adequately describe the experimental data.

A perspective of neutron measurements of the structural (bulk and surface) features of the PS
glass transition at various cooling rates at the YuMO and GRAINS spectrometers of the IBR-2M
reactor is briefly discussed.

[1] A. Cavagna, “Supercooled liquids for pedestrians,” Phys. Rep., vol. 476, no. 4-6, pp. 51-124, Jun. 2009.

[2] A. D. Drozdov, “Kinetics of enthalpy relaxation in polymeric glasses,” Polym. Bull., vol. 45, no. 3, pp. 303-310,
Nov. 2000.

[3] T. V. Tropin, G. Schulz, J. W. P. Schmelzer, and C. Schick, “Heat capacity measurements and modeling of
polystyrene glass transition in a wide range of cooling rates,” J. Non. Cryst. Solids, vol. 409, pp. 63-75, Feb. 2015.
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CRYSTAL STRUCTURE AND MAGNETIC PROPERTIES SR;:xBA.xFE:xMO;.xOs (X= 0
AND 0.1)
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Donetsk, 72 R. Luxemburg str., Ukraine.

3 SSPA “Scientific and practical materials research center of NAS of Belarus 19 Brovki Str.,
220072, Minsk, Republic of Belarus.

E-mail: vitalja-turchenko@rambler.ru

The ideal crystal structure of double perovskites with molar formula AA’BB’Os (where A and
A'=Ca, Sr, La et al., B=Fe, Cr... and B’= Mo, W, Re...) [1] is built up by ordering perovskite blocks
in a rock salt superlattice [2]. The renewed attention to research of these materials is motivated by
the recent report that Sro2FeMoOes is a half-metallic ferro-magnet with a relatively high Curie
temperature (about 410-450 K) [3]. However, the degree of polarization of these materials is
significantly dependents versus quality of the surface as well as presence of defects and temperature
factor. For instance, the value of spin polarization decreases near the room temperature and become
insignificant [4]. Therefore, the increase of the Curie temperature of these ferromagnets
(ferrimagnets) is the important condition for practical application of semiconductor properties of
these materials in the field of the room temperature. It can be achieved by variation of chemical
composition [5] or through control of crystal structure disorder [6, 7].
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The main aim of the work is definition of substitution influence of barium and molybdenum by
strontium and iron ions, consequently, onto structural features and magnetic properties of double
perovskites: BaixSri+xMoixFeixOs (x = 0 and 0.1) in a wide temperature range. All samples were
prepared by solid-state method at temperature 1200°C in a continuous stream Hz/Ar during 10 h. The
crystal and magnetic structures were investigated at the High Resolution Fourier Diffractometer
HRFD) [8] at the IBR-2 pulsed nuclear reactor in Dubna. According to neutron diffraction (Fig.1, a-
d), all investigated samples are homogeneous in a wide temperature range.

Diffraction patterns of the BaixSri+xMoi1xFei-xOs (x = 0 and 0.1) samples were measured at
different temperatures and treated with Rietveld method. The experimental points, calculated profile
and difference curve are shown at Fig.1. The difference is weighted by the mean-squares deviation
for each point. Ticks below the graph indicate the calculated peak positions for nuclear and magnetic
phases of double perovskites. The sign (*) marks diffraction peaks of copper sample holder. The
increase of substitution leads to decrease of unit cell volume. Temperature dependences of refined
unit cell volumes of the BaixSri+xMoixFe1xOs (x = 0 and 0.1) samples versus temperature are
shown at Fig.2.
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The Curie temperature increases from 350 to 380 K and values of microstresses increases in
two times as the concentration X is changed. The crystal structures for compounds were calculated
for both tetragonal and orthorhombic models. The decrease of the unit cell volume with increasing of
substitution of Ba and Mo by Sr and Fe ions was explained by different value of their ionic radii. The
increase of microstresses in the BaixSri+xMoi1xFe1xOs (x = 0 and 0.1) samples as the temperature
decreases was explained by influence of magnetostrictive effect.

[1] Serrate D., 22 . V.19. P.023201.

[2]J. M. Longo, R. Ward // J. Am. Chem. Soc. 1961. V.83. P.1088.

[3] K.-I. Kobayashi; T. Kimura; H. Sawada; K. Terakura; Y. Tokura, Nature 1998. 395. P.677.

[4] Gupta A and Sun J Z J. Magn. Magn. Mater. 1999. 200 P.24

[5] C. Ritter, M. R. Ibarra, L. Morellon, J. Blasco, J. Garci’a, and J. M. De Teresa, J. Phys.: Condens. Matter 2000. V.12.
P.8295.

[6] O. Nganba Meetei, Onur Erten, Anamitra Mukherjee, Mohit Randeria, Nandini Trivedi, and Patrick Woodward //
Phys. Rev. 2013. B 87, 165104.

[7] Onur Erten, O. Nganba Meetei, Anamitra Mukherjee, Mohit Randeria, Nandini Trivedi, and Patrick Woodward //
Phys. Rev. 2013. B 87, P.165105.

[8] A. M. Balagurov // Neutron News 2005. V.16. P.8.
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FUNCTIONAL MATERIALS

STRUCTURAL PECULIARITIES OF TiO2:M003; NANOCOMPOSITES THAT ENSURE
THEIR CATALYTIC ACTIVITY

N. Boboriko !, 1. Bobrikov 2

! Belarusian State University
2 Joint Institute for Nuclear Research, Dubna, Russia

E-mail: natchem@tut.by

Precise structural parameters of TiO2:MoO3; nanocomposites synthesized by sol-gel method
with MoO3 content in the range of 0.1-10 mol % were investigated by neutron diffraction employing
the High-Resolution Fourier Diffractometer at IBR-2 pulsed reactor. TiO2:MoO3 composites find
practical application as catalysts in heterogeneous oxidation processes and as gas sensing materials
for detection of such burning gases as H2, CO, C2HsOH. Structural peculiarities of TiO2:Mo003 oxide
systems that ensure catalytic properties in the reaction of hydrogen oxidation were revealed.

It was established that in TiO2:MoO3 nanocomposites thermostimulated tetragonal distortions
in [MoO6] octahedra, which are the base units in MoOs, take place after heating at 850 °C. In the
issue of these distortions alteration of the Mo-O bond distance was observed. Moreover neutron
diffraction data allowed calculating the mean particle size of TiO2 and MoOs in the composites. The
magnitude of the tetragonal distortions and the mean particle size of the oxides appeared to be
dependent on the TiO2:MoOs ratio in the composite. It was revealed that the catalytic activity of
Ti02:M003 nanocomposite increases with the decrease of the mean size of the particles in the
composite and with the increase of the Mo-O bond distance.
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NEW MESOPOROUS CERIA SYNTHESIZED BY TEMPLATING PROCEDURE

B. Matovic, M. Momcilovic, J. Pantic, B. Babic
Vinca Institute of Nuclear Scinces, Belgrade, Serbia

The new mesoporous CeO2 were obtained by templating procedure using ordered mesoporous
carbon (OMC) as a matrix. The Ce/C mass ratio was varied in the range of 0.1 to 0.25. All obtained
samples have mesoporous structure with specific surface of about 60 m?/g. X-Ray diffraction
revealed that all patterns posses fluorite structure. Raman spectroscopy showed that the main F2g
mode is shifted to higher energies at 459 cm™' and the oxygen vacancy mode is situated at 600 cm™.
It is found that the morphology of CeOxz replica is a function of Ce/C mass ratio.
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SYNTHESIS AND CHARACTERIZATION OF NEW LEAD-BASED PEROVSKITES WITH
CRYSTALLOGRAPHIC SHEAR PLANES
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3 Institute for Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, 1784 Sofia,
72 Tzarigradsko chaussee Blvd.
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Recently, the structural details and properties of the new AnBnOsn-2 (n = 4) homologous series
(A=Pb, Sr, Ba, Bi; B=Fe, Ti, Co, Sn) of oxygen deficient perovskite-related compounds with
fragmentation of the perovskite matrix by periodical translational interfaces (crystallographic shear
planes) have attracted considerable attention [1-3]. The shear planes can contribute to frustrated
magnetic couplings between the edge- and the corner-sharing metal-oxygen polyhedra in the
perovskite blocks and a range of unusual physical properties might result from substitution of
transition-metal B cations.

We will report on our recent results on several polycrystalline single phase materials with
general formula PbBaFeMeOs (Me=Co, Mn) and PbSrFei25Cro.750s. In principle, cations of p
elements with lone pair electrons as Pb** or Bi** create irregular oxygen coordination environment of
the cations and to stabilize the phases often requires the use of high pressure or specific soft
chemistry. We have synthesized the phases by solid state reaction or solution-combustion technique
and studied their structure and some properties through x-ray (XRD), electron microscopy (TEM,
SEM, SAED), magnetometry and Mdssbauer spectroscopy. The synthesized oxide compositions are
isostructural with Pbi.33Sro67Fe20s [4]. Part of the experimental evidence accumulated and the
crystal structure parameters in particular have been published previously [5-7]. The room
temperature Mossbauer spectra of PbBaFeCoOs reveal magnetic ordering through presence of well
resolved two sextets [5]. On the other hand, PbBaFeMnOs and PbSrFe1.25Cro.750s5 are paramagnetic at
room temperature and the magnetic ordering sets in below 150 K as shown by Mossbauer data [5]
and magnetization (ZFC, FC curves). A compound of chemical composition PboMn20s with very
close structure was recently reported [8]. The proposed structural model by Hadermann et al. shares
many features, like the observed by us Jahn-Teller distortion of the MnOs octahedra.

[1] A. Abakumov et al., Inorg. Chem. 49 (2010) pp. 9508-9516.

[2] M. Batuk et al., Inorg. Chem. 53 (2014) pp. 2171-2180.

[3] I. Nikolaev et al., Phys. Rev. B 78 2 (2008) 024426.

[4] V. Raynova-Schwarten, W. Massa, D. Babel, Z. Anorg. Allg. Chem. 623 (1997) pp. 1048-1058.

[5] P. Tzvetkov, D. Kovacheva, D. Nihtianova, T. Ruskov, Bulg. Chem. Comm., 43, (2011) 339-345.

[6] P. Tzvetkov, D. Kovacheva, D. Nihtianova, T. Ruskov, Z. Kristallogr. Proc., 1, (2011) 397-402.

[7] P. Tzvetkov, D. Kovacheva, D. Nihtianova, N. Velichkova, T. Ruskov, Bulg. Chem. Comm., 44, (2012) 137-145.
[8] J. Hadermann et al., J. Solid State Chem. 183, (2010) 2190-2195.
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MICROSTRUCTURE OF NANOCRYSTALLINE NONSTOICHIOMETRIC NIOBIUM
NbCo.03 AND VANADIUM VCys75 CARBIDES

A. Kurlov!, A. Balagurov?, 1. Bobrikov?, A. Gusev'

L Institute of Solid State Chemistry of the Ural Branch of the Russian Academy of Sciences,
Ekaterinburg, Russia
2 Joint Institute for Nuclear Research, Dubna, Russia

E-mail:kurlov@ihim.uran.ru

Evolution of the microstructure of nonstoichiometric niobium NbCo.93 and vanadium VCos7s
carbide powders subjected to high-energy ball milling is investigated by neutron diffraction. It is
established that milling produces a non-uniform powders, in which two distinct fractions with
differing microstructure can be identified. It is shown that TOF (time-of-flight) neutron diffraction
technique is promising for studying of microstructure of strongly deformed nonstoichiometric
carbides and for quantitative determination of the anisotropy of microstrains.

All previous studies of nanocrystalline nonstoichiometric compounds were performed only
using standard X-ray or neutron diffraction method. This work is the first experimental study of
microstructure of nanocrystalline nonstoichiometric carbides by the TOF (time-of-flight) neutron
diffraction technique. As objects of the study, we used coarse-grained and nanocrystalline powders
of nonstoichiometric niobium and vanadium carbides.

The initial NbCo.o3 niobium carbide powder contains large-sized particles of more than 1 mkm
and also many particles of ~0.5 mkm or smaller (Fig. 1). However, these smallest particles are
connected among themselves and form the large branched agglomerates with a size about 2-5 mkm.

20kV ~ X20,000 1pm 10 30 SEI 10 30 SEI

20kV  X15,000 m 10 30 SEI 20kV X25‘00047 1pm 10 30 SEI
Fig. 1. SEM images of the initial coarse-grained NbCo.o3 powder at different magnifications and of
NbCo.93 nanocrystalline powders produced by high-energy ball milling during 5 h and 15 h.
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The initial ~VsC7 (VCos75) ordered vanadium carbide powder contains large agglomerated
particles which are a set of a large number of very small particles. Small particles look like an open
flower (Fig.2). The observed crystallites have the shape of curved leaves or petals. As a first
approximation, the crystallites can be simulated by a disk with a diameter of 6000-8000 A and a
thickness of approximately 200-400 A. The formation of such microstructure of ordered vanadium
carbide is caused by the disorder-order structural phase transition VCo.s75 - VsC7. The lattice constant
aord of perfect cubic VsC7 superstructure is equal to the doubled lattice constant as1 of a disordered
basic phase VCozs7s, 1.€. ord = 2aB1.

X10,000 1pm X50,000 200 nm
Fig. 2. SEM images of (@) initial coarse-grained VCo.s75s powder and (b) nanocrystalline VCo.s7s
powder produced by high-energy ball milling during 10 h.

The nanocrystalline NbCo93 powders were prepared by high-energy milling of the initial
coarse-grained powder on a PM-200 Retsch planetary ball mill for 1, 5, 10, and 15 h. VCos7s
nanopowder was prepared by milling of initial powder during 10 h.

After milling of initial NbCo.93 powder during 1, 5, 10, and 15 h, average particle size in
prepared nanopowders was equal to ~1000, ~470, ~450, and ~180 A, respectively. Average particle
size in ~VsC7 (VCo.s75) nanopowder produced by ball milling during 10 h was equal to ~200 A.

All neutron diffraction patterns were measured on the high-resolution Fourier diffractometer
(HRFD) installed at the long-pulse IBR-2 reactor in Dubna.

The diffraction patterns of the NbCo.03 powders, normalized by the effective neutron spectrum,
are shown in Fig. 3. These patterns demonstrate a notable increase in peak broadening due to the
mechanical work and an increase in the incoherent background arising probably from a non-
crystalline component or diffuse effects. The diffraction patterns of the ~VsC7 (VCo.s75) powders are
shown in Fig. 4. The small particle size and microstrains are responsible for the broadening of
diffraction reflections of ~VsC7 (VCo.s75) nanopowder.

A comprehensive analysis of the neutron diffraction data for the NbCo.o3 nanopowders revealed
that the diffraction reflection profiles should be modeled by two independent fractions of powder.

Judging by the dependence of lattice constant on the NbCy composition, the finest F1 fraction
of niobium carbide nanopowders has a compositions NbCo.s7, NbCo.s4, NbCo.s2, and NbCo.s0 for the
nanopowders produced by milling during 1, 5, 10, and 15 h, respectively. On the contrary, the F2
fraction of niobium carbide shows an almost constant composition NbCo.os (Fig. 5).

Results on particle size D and microstrain enk found from the neutron diffraction measurements
are in good agreement with analogous data obtained by the X-ray diffraction and with the D value
estimated from the specific surface of nanopowders (Fig. 6a). Figure 6b shows the anisotropic
distribution of the microstrains enki over the directions [hkI] in the NbCo.93 nanopowder prepared by
10 h milling. The radius of the sphere is proportional to the microstrain &aver averaged over all

crystallographic directions.
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(a,b) and nanocrystalline (c,d) ~VsC; (~VCos75) powders
measured with HRFD: (a) and (b) high-resolution
measurements with DOR and DPR detectors, respectively;
(c) high-resolution measurement with DOR detector; (d)
low-resolution measurement with DPR detector. The vertical
ticks correspond to the diffraction reflections of V3C; cubic
superstructure. Miller indices of the diffraction reflections
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4.470 1.0
] H\k/’—é\_ga) |72} (b)
4 o
4.465 Jo) —
g ] gO.S Fl
= 4.460 o
S ] 00_6 -
2] +—
i F =
£ 4.455 1 g
w ] S 0.4 -
-2 4.450 4 % F2
w o
= 502
4.445 =
: =4
4.440 +——— T T T 0.0 — ———7—
0 10 15 0 10 15

M1lhng time (h) M1Il|ng time (h)
Fig. 5. Dependence of the lattice constant (a) of F1 (blue triangles) and F2 (red triangles) fractions and the
volume ratio (b) of these fractions in niobium carbide nanopowders on the milling time.

The neutron diffraction patterns of vanadium carbide powders (Fig. 4) have the following
peculiarity. Shoulders are observed to the left of the diffraction peaks. These shoulders are caused by
presence of disordered VCo.s75 phase along with main ordered VsC7 phase. For real disordered and
ordered vanadium carbide phases the lattice constant as1 < aord/2. Therefore Rietveld analysis of the
neutron diffraction data for the VCos7s powders was performed in two-phase model considering
presence of main ordered phase VsC7 and disordered phase VCo.s7s (Fig. 7).

The found real superstructure VsCs is characterized by noticeable displacements of vanadium
atoms and small displacements of carbon atoms from the positions of the ideal superstructure.
Vanadium atoms constituting the octahedral environment of vacant sites of the carbon sublattice are
displaced toward the vacancy.
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A significant feature of the real VsC7 superstructure is a lowered occupancy of 4(a) sites of the
unit cell by carbon atoms which is equal to ~0.97. This means that the nanostructured ordered phase
has a composition of ~VsCe97. In means that ordered VsC7 phase has a very narrow homogeneity
interval.
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Fig. 7. Part of neutron diffraction
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disordered VsC; phase with B1 structure.
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Investigation of niobium carbide powders are financially supported by the Russian Foundation
for Basic Research within the project No. 14-29-04091 ofi m. Investigation of nonstoichiometric
vanadium carbide nanopowder is financially supported by the Russian Science Foundation (Grant
14-23-00025) through the Institute of Solid State Chemistry of the Ural Branch of the RAS.
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INSTRUMENTS AND METHODS

DEVELOPMENT OF ADVANCED NEUTRON SCATTERING INSTRUMENTATION FOR
LONG PULSE NEUTRON SOURCES

A. loffe

Julich Centre for Neutron Science (JCNS), Forschungszentrum Jalich GmbH
Outstation at MLZ, 85747 Garching, Germany

The next high flux neutron source to become operative at 2019 - the European Spallation
Source (ESS) — will be the SMW long pulse source with the pulse duration of 2.8ms and the
repetition rate of 14Hz. A number of concepts of advanced neutron instrumentation have been
developed to profit from the long pulse structure of the neutron beam and in many cases allow to
achieve oustanding instrument parameters exceeding the present-day state-of-the —art by orders of
magnitude.

In this talk some of these concepts — for high-resolution powder diffaction, small-angle neutron
scattering (SANS), reflectometry and grazing incidence small-angle neutron scattering (GISANS) -
will be considered.
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SONIX+ - OCHOBA ITPOI'PAMMHOI'O OBECIIEYEHU A KOMIIVIEKCA
CIHEKTPOMETPOB PEAKTOPA UBP-2

A.C.Kupunos, C.M. Mypamkesuy, T.b. [letyxoBa, 1.A. MOpkoBHIKOB
OMUAU, JIyona, Poccus

Haumnas ¢ 1995 roma mnporpaMMHBI HMHCTPYMEHTaIbHBIH KOMILIEKC Sonix+ (Sonix)
UCHOJIb3yeTCs crekTpoMerpax peakrop MBP-2 nns ynpasneHus skcrepuMmeHTOM. M3HayanbHO 3TO
Obuta MHCTAUIALMS Ha ennHCTBeHHOM HHCTpymeHTe HCBP. IlocTeneHHO TOA 3a TOJ0M KOMILIEKC
IIEPEHOCWIICS Ha HOBBIE CIIEKTPOMETPBI, Pa3BUBASICh M COBEPIICHCTBYSCh B XOJI€ ATOrO0 Iporecca. B
HACTOAIIEe BpeMsl KOMIUIEKC HCIoyib3yercss Ha okoino 20 ycraHoBkax B JIH® u B psne npyrux
poccuiickux neHTpoB. Ha Hamr B3misi MpUYMHAMHU 3TOTO yCIexa HOCTYyKHWIU ABa OOCTOSATENbCTBA.
Bo-miepBbIxX, ObUT cAeIaH NPaBUIIBHBIA BHIOOP PEIICHHM, TIOJOXEHHBIX B OCHOBY KOMILIEKCA. ITO
ObUI KOMIIPOMHCCHBIA BBIOOpP, YUHTBHIBAIOUIMM Kak MUPOBBIE TEHACHLUHM pa3BUTUS B JIAaHHOMH
o0J1acTH, Tak W TpaaulUM, a Takxke npuHATyio B JIH® mpaktuky. Bo-BTOpBIX, BaXXHO OTMETUTh
IUIOJOTBOPHOE COTPYIHUYECTBO C MOJI30BATEISIMHU, HEKOTOPHIE U3 KOTOPBIX BHECIH CYIIECTBEHHBIN
BKJIa/I, KaK B BBIOOp KOHIIEMIIMHU, TaK B pa3HOOOpa3He peaarn30BaHHBIX BOZMOXKHOCTEH.

B nokmaze mpenmonaraercss pacCMOTPETh HMCTOPUIO PAa3BUTHS KOMIUIEKCa Sonix, €ero
COBPEMEHHOE COCTOSIHUE U MEPCIEKTUBbI pa3BUTHS B OJIMKAMIINE TObI.
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SYSTEM OF NEUTRON MICROBEAMS FROM A PLANAR WAVEGUIDE

S. Kozhevnikov!, V. Ignatovich!, Yu. Nikitenko!, F. Ott?, A. Petrenko!

L JINR, Dubna, Russia
2LLB, CEA/CNRS, Saclay, France

E-mail: kozhevn@nf.jinr.ru

Results of experimental investigations of space, angular and wavelength distribution in neutron
microbeams obtained for the first time with the help of a resonant planar neutron waveguide at the
time-of-flight reflectometer of the IBR-2 pulsed reactor are reported and comparison with theoretical
calculations is presented. Possible application of microbeams in physical experiments is discussed.

We have observed the system of the neutron microbeams emitted from the planar waveguide.
The microbeams are produced because of resonant enhancement of the neutron wave function
density inside the waveguiding layer. The microbeams angular divergence is found to coincide with
that predicted by Fraunhofer diffraction theory. Experiment was carried out at the time-of flight
neutron reflectometer of the pulsed IBR-2 reactor. Several microbeams with different wavelength
and space distribution were produced simultaneously and studied separately. It is a new result, which
shows that microbeams can be effectively obtained at pulsed sources and used in applications. In this
experiment we used nonpolarized neutrons and nonmagnetic sample. There are no limitation for
production of polarized neutron microbeams, which can be used for the investigations of one-
dimensional magnetic systems like magnetic microwires, domains, lithographic gratings, and
vortices in superconductors.

Contrary to the fixed wavelength method at steady state sources, the time-of-flight technique
allows to change the wavelength of the neutron microbeam by changing grazing angle of the incident
beam. In this way one can produce microbeams with long wavelength. Here with the help of the cold
neutron source we were able to produce microbeams with wavelength 5.25 A, but there are no
limitations for production of microbeams with even longer wavelength.
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NEUTRON SCATTERING INSTRUMENTS OF IBR-2 HIGH FLUX PULSED REACTOR
FOR CONDENSED MATTER RESEARCH: CURRENT STATE AND RECENT RESULTS

D.P. Kozlenko

Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna Moscow
Reg., Russia

Since the re-start of the regular operation of the IBR-2 high flux pulsed reactor after full-scale
modernization in 2012, the complex of neutron scattering instruments installed at the reactor was
substantially upgraded. It contains in total 14 instruments, including diffractometers, small angle
scattering spectrometer, reflectometers, inelastic neutron scattering spectrometers. New instruments
— DN-6 diffractometer for studies of microsamples under extreme conditions, GRAINS
multifunctional reflectometer, neutron imaging facility were put into operation. A number of existing
spectrometers was also modernized to improve technical parameters. An overview of the recently
obtained scientific results and prospects for interdisciplinary research in the fields of condensed
matter physics, materials science, chemistry, biophysical and geophysical sciences at IBR-2 neutron
scattering instruments is presented.

PROPAGATION OF NEUTRON SPHERICAL WAVES THROUGH A THICK,
VIBRATING GE SINGLE CRYSTAL

E. Raitmans', V. Gavrilov!, D. Mjasishchev!, A. Hoser?, O. Seidel? and J. Stanh?
L Institute of Physical Energetics, Riga, Latvia,
2 Helmholtz-Zentrum, BENSC, Berlin, Germany,

3 Paul Scherrer Institute, Villigen, Switzerland

E-mail: eraitmans@apollo.lv

The results of experimental and theoretical studies into the influence of ultrasound on the
propagation of neutron waves in a thick Ge crystal are presented. The neutron intensity profiles were
measured for the case of Laue diffraction inside the Borrmann fan. At low amplitudes of ultrasonic
waves interference effects (diffraction intensity beatings) were observed. The observations were
possible because of the uniform acoustic-field distribution through the whole bulk of the crystal. As
distinct from the classical Shull experiments, wide analysing slits or position-sensitive detectors were
used. To explain the results obtained, a modified theory for the spatial distribution ofneutron
diffraction intensities in the presence of acoustic excitation of the crystal is proposed. A good
agreement between experiment and theory is obtained. At high amplitudes of ultrasonic waves the
transition to kinematic scattering was not observed, despite the large strains in the crystalline lattice
created by ultrasound. This could be connected with the formation of a superlattice having a standing
wave period. A strong rise in the diffraction intensity and a sharp constriction of the neutron beam at
the centre of the Borrmann fan were observed. This new effect could be used for the creation of
ultrasound-controlled monochromators.
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LAYERED NANOSTRUCTURES

COMPOSITIONAL, MORPHOLOGICAL AND ACCUMULATION PHENOMENA IN
LASER PULSE ABLATION OF NANO-LAYERED (NI/TT) THIN FILMS

Biljana Gakovi¢, Suzana Petrovi¢, Milan Trtica

Institute of Nuclear Science Vinca, University of Belgrade, POB 522, 11001 Belgrade, Serbia
E-mail: biljagak@yvinca.rs

Laser surface modification technique is one non-contact surface engineering tool in processing
of thin films which can alter them on the micro- and nanoscale. The interaction of a laser, operating
at 1540 nm wavelength and pulse duration of 40 ns, with Ni/Ti thin films has been studied. Laser
ablation was performed at fluences of 6.4 and 8.8 Jcm™. As samples a nano-layered (Ni/Ti) thin film
were used. Five (Ni/Ti) bilayers were deposited by direct current (DC) ion sputtering on Si(100)
wafers to a total thickness of about 180 nm. Single and multi-pulse laser irradiation was done at
normal incidence in air. The composition and surface morphology were monitored by particle-
induced x-ray emission (PIXE), Rutherford backscattering spectrometry (RBS), scanning electron
microscopy (SEM) and profilometry. Most of the absorbed laser energy was rapidly transformed into
heat, producing intensive modifications of composition and morphology on the target surface. The
results show an increase in surface roughness, formation of parallel periodic surface structures,
appearance of hydrodynamic features and ablation of surface material. Compositional analysis
revealed that laser modification induced inter-mixing between the components of individual Ni and
Ti layers, with indications of the formation of NiTi intermetallic compounds.

SPIN-ECHO SPECTROMETRY IN GRAZING GEOMETRY

Yu.V. Nikitenko
FLNP, JINR, Dubna, Russia

Two neutron magnetic mirrors placed in perpendicular directed magnetic field are a neutron
spin-interferometer. The neutron spin-interferometer can be used in scheme of a spin-echo
spectrometer in grazing geometry. In spin-echo spectrometer are accessible the measurements with
ultrasmall values of transfer neutron wave vectors 107 A™! and transfer energy 1 peV. It allows to
investigate in medium and at surface a low frequency dynamic and nuclear structure with micron
correlation length.
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DETERMINATION OF MAGNETIC ORDER IN SUPERLATTICES FE/CR/GD

M. V. Ryabukhina', E. A. Kravtsov'?, Yu. V. Nikitenko®, V. V. Proglyado', Yu. N. Khaydukov*

Institute of Metal Physics, Ural Branch, Russian Academy of Sciences, Yekaterinburg, 620041
Russia

2Ural Federal University, Yekaterinburg, 620002 Russia

3Joint Institute for Nuclear Research, Dubna, 141980 Russia

“Max Planck Institute for Solid State Research, Stuttgart, D 70569 Germany

E-mail: ryabykhina@imp.uran.ru

Ferromagnetic 4f rare-earth/ 3d transition metal (RE/TM) multilayers are popular model
systems showing a rich variety of magnetic phases in applied field. In particular, complex magnetic
order in Fe/Gd multilayers is governed by several competing mechanisms: enhancement and
temperature-independence of Gd magnetic moment in the interfacial region near Fe, strong RE-TM
antiferromagnetic coupling at interfaces, and Zeeman interaction with external fields.

It was recently shown that RE/Cr/TM multilayers, where RE-TM exchange is mediated by
antiferromagnetic Cr, display a number of novel magnetic phases, including switching an otherwise
AFM Gd-Fe coupling to ferromagnetic coupling, together with a dominant biquadratic RE-TM
exchange coupling over bilinear coupling at certain Cr thicknesses near where the oscillatory
interlayer coupling (with Cr thickness) changes sign. The latter should lead to non-collinear ordering.
Cr layer thickness in the samples was chosen in order to cover 3 different types of magnetic ordering
in the system: ferromagnetic, antiferromagnetic and non-collinear.

Polarized neutron reflectometry are the most powerful technique to probe magnetization depth
profiles in multilayered nanostructures. In order to understand and utilize the physical mechanism
responsible for novel properties of magnetic of magnetic heterostructures, it is important to precisely
resolve inhomogeneous magnetization density depth profiles, which are typical in the Fe/Cr/Gd
structures. It was also known that the magnetization density profile inside Gd layers becomes no
uniform at high temperatures, with the Gd magnetic moment enhanced at the Fe/Gd interfaces and
reduced in the core of the Gd layers.

In our work, we are studying magnetic multilayers [Fe(31.5 A)/Cr(t A)/Gd(45 A) /Cr(t A)]i2,
t=4-20 A, we focused on the reduced magnetic coupling near interfaces. In this work we performed
polarized neutron reflectometry measurements, followed by simultaneous refinement of the
experimental spectra within a unified parametrized model. This procedure allows us to obtain depth-
resolved and element-specific magnetization profiles in magnetically inhomogeneous Fe/Cr/Gd
heterostructures.

This work was partially supported by the Russian Foundation for Basic Research, project nos.
14-22-01063 and 15-32-50494 mol_nr.
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INVESTIGATION OF MAGNETISM IN MULTILAYER METALLIC NANOSTRUCTURES
FE/MGO/FE AND FE/MGO/CR/MGO/FE USING POLARIZED NEUTRON
REFLECTOMETRY

E. M. Yakunina', V. I. Bodnarchuk?, V. V. Proglyado', E. A. Kravtsov'

YInstitute of Metal Physics, Ural Division of the Russian Academy of Science
620990 Yekaterinburg, Russia
2Joint Institute for Nuclear Research 141980 Dubna, Russia

E-mail:eyakuninaart@gmail.com

Giant magnetoresistance (GMR) observed in Fe/Cr superlattices are of great interest due to
their technological importance as elements of spintronic devices [1, 2]. Drastic change in resistance
under applied magnetic field makes investigation of GMR systems a hot direction in condensed
matter physics. Another interesting system is a Fe/MgO/Fe multilayer in which the effect giant
tunneling magnetoresistance (GTMR) is observed. This phenomenon is due to the tunneling of
electrons between the Fe layers through the insulating layer of MgO [3]. GTMR occurs in
Fe/MgO/Fe systems when the magnetic ordering changes from antiparallel to parallel.

This work is aimed to study Fe/MgO/Fe and Fe/MgO/Cr/MgO/Fe multilayers, specifically the
exchange interaction that occurs between Fe and Cr layers after adding an MgO spacer.
Fe/MgO/Cr/MgO/Cr system is certainly interesting in that there is a combination of both GMR and
GTMR effects may be observed. In our research we investigate the series of samples
Fe(200A)/MgO(tA)/Fe(50A)/Ta(50A) and Fe(100A)/MgO(tA)/Cr(nA)/MgO(tA)/Fe(70A)/Ta (50A),
that was grown on a high-vacuum magnetron sputtering setting. The structure was deposited on a
MgO substrates and annealed during the growth process. MgO layer thickness (t) varies in the range
of 0-25A and Cr layer thickness (n) was 9-18A. Practically, it is very important to understand
microscopic picture of magnetization reversal in these systems depending on MgO tunnel barrier
properties.

The best of our knowledge, the structures in which an insulator is added to the Fe/Cr interface
is poorly studied for today, although it is of great interest. It's unknown, how the Fe layers will
interact with Cr through a thin MgO spacer and what other effects this will be followed. Practically,
it is very important to understand microscopic picture of magnetization reversal in these systems
depending on spacer properties.

The work was partially supported by the Russian Foundation for Basic Research (grants nos.
14-22-01063 ofi_m and 15-32-50570 mol_nr, and 14-02-00013).

[1] Fert, A. The origin, development and future of spintronics. Nobel lecture, 2007

[2] Grunberg, P. From spinwaves to giant magnetoresistance (GMR) and beyond. Nobel lecture, 2007

[3] Parkin, S.S.P., et al. Giant tunneling magnetoresistance at room temperature with MgO (100) tunnel barriers. Nature
Materials, vol. 3, p. 862-867, 2004
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MAGNETISM OF NANOSTRUCTURES WITH FERROMAGNETIC AND
SUPERCONDUCTING LAYERS

V. Zhaketov

Joint Institute for Nuclear Research, Dubna, Russia

E-mail: zhaketov@nf.jinr.ru

Magnetic properties of superconductor are antagonistic to the ferromagnetic ones. So in
layered structures ferromagnetic/superconductor, where thickness of layers are order of the
correlation length of superconducting or magnetic order parameters, arise different nontrivial effects.
One of such effects is cryptoferromagnetic state of ferromagnetic contacting with superconductor. It
appear as a formation of a special domain structure in ferromagnetic, which characteristic size is
order of superconducting correlation length in the ferromagnetic or correlation length in the
superconductor. Such state was predicted in the theoretical works, and it hasn’t been discovered by
experiment yet. In this work were made attempts to find such state.
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MAGNETIC AND LATTICE EXCITATIONS

EXOTIC MAGNETIC ORDERING IN SYSTEMS WITH STRONGLY CORRELATED
ELECTRONS

P.A. Alekseev

NRC “Kurchatov Institute” Moscow, Russia
NRNU “MEPI”” Moscow, Russia

E-mail: pavel alekseev-r@mail.ru

Rare earth based strongly correlated electron systems (SCES) demonstrate a wide range of
different types of a ground state. Its started from trivial paramagnetic one originating from crystal
field splitting of f-electron multiplet and arrived at highly exotic ones. The latter, for instance, could
be as Kondo-insulator with combination of charge-, spin-gap with valence instability; or long range
magnetic ordered state in initially singlet ground state system; or some combination of long range
magnetic order with superconductivity and valence instability; etc. Physical background for these
features inherent to electron subsystem may be elucidated by detailed neutron scattering
experiments, first of all by magnetic neutron scattering spectroscopy and diffraction.

Specific features of such unusual ground states are analyzed on the base of the results of the
extended experimental studies. The report displays previous and recent results in the field for a
number of representative rare earth intermetallic compounds. The number of the examples is
presented, in particular: the systems with induced long range ordering for crystal field defined singlet
ground state metals; Kondo-insulators with possibility for formation of long range magnetic order
below metal to insulator transition; systems with coexistence of long range magnetic order with
intermediate valence state or heavy fermion state.

This work is partially supported by the RFBR grant 14-22-01002 and grant 14-02 00272.
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HIGH PRESSURE MEASUREMENTS ON THE NERA FACILITY

P. Bilski ', D. Chudoba !, I Sashin!

'Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
2Faculty of Physics, Adam Mickiewicz University, Poznan, Poland

E-mail: bilski@amu.edu.pl

The aim of the most projects realize on the NERA spectrometer is to establish molecular
dynamics of different polymorphous of substances in particular phases, determine their p-T diagrams
and identify the molecular mechanisms of the phase transitions. The knowledge of molecular
dynamics permits drawing conclusions on inter- and intramolecular interactions in particular phases
of the systems studied and helps establish the molecular mechanism of phase transitions. Results of
the study are expected to provide the information on possible changes in the character of phase
transitions induced by high hydrostatic pressure and a possibility of new pressure-induced phases
appearance.

Measurements of neutron scattering as a function of temperature and pressure, performed with
the use of the NERA spectrometer and a compressor U11 400 MPa, supplemented with the dielectric
spectroscopy and magnetic nuclear resonance study, permit construction of p-T phase diagrams
which would considerably improve characterisation of novel materials. The results will be of
cognitive value and of great application interest.
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DIRECT VS INVERTED TOF GEOMETRY IN THE STUDIES OF MAGNETIC AND
LATTICE EXCITATIONS

E. Clementyev!, P. Alekseev?, 1. Sashin®

11, Kant Baltic Federal University, Kaliningrad, Russia
2 NRC "Kurchatov institute, Moscow, Russia
3 JINR, Dubna, Russia

E-mail: clement@inr.ru

Time-of-flight (TOF) neutron spectrometers are indispensable experimental tools to study in
detail magnetic and structural excitations in condensed matter. For about 55 years these instruments
provide valuable information in the 4-dimensional Q-E space on the dynamics of solids, liquids and
soft matter. Nowadays TOF instruments based on the pulsed neutron sources are getting to prevail as
the most efficient “excitation scanners” compared to other spectrometers like triple-axis instruments
(TAS) designed to study limited regions in the Q-E space. Two main principles are widely known to
build TOF spectrometers: to fix the energy of the incoming neutrons (the so-called direct TOF
geometry) or to fix the final neutron energy (inverted TOF geometry). Choppers and
monochromators are typical for the direct geometry spectrometers while crystal analyzers and filters
in addition to choppers are typical components in the inverted geometry case. The direct geometry
principle dominate s in the world, however many leading neutron facilities were building the
inverted TOF instruments. TOF instruments of both types were in operation in Dubna at the neutron
source IBR-2. This fact provides good local experience in dealing with both types and also in the
analysis of the experimental data originating from either direct or inverted TOF. We report on the
studies of the magnetic and lattice dynamics in many systems on the TOF spectrometers of different
types. The objects of studies included strongly correlated electron systems, rare-earth-based
intermetallics, superconductors, magnetic materials with spin density waves and singlet ground
states. Powder samples as well as single crystals were used in the measurements. The scientific cases
and most beneficial areas for the direct and inverted geometry TOF spectrometers are different. The
accessible domains in the Q-E space along with the energy and Q-resolution issues are discussed. A
few sources of artefacts and spurious ¢ ontribut ion to the scattering are shown on the basis of our
practical experience. Advantages and weak sides of both types are clearly visible in the diagrams and
in the collected neutron spectra. The direct and inverted geometry TOF instruments are in fact good
complementary spectroscopic tools on the pulsed neutron sources. These instruments are also
complementary to TAS spectrometers widely used in the case of continuous neutron sources. The
IBR-2 neutron source has a good potential for TOF neutron spectroscopy which is of high demand.
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SPIN EXCITATION IN THE IRON BASED HIGH T¢c SUPERCONDUCTOR FETE 1 xSEx
E.A. Goremychkin', M.D. Lumsden?, A.D. Christianson?

L FLNP, JINR, Dubna, Moscow Region, 141980, Russia
2 QCMD, ORNL, Oak Ridge, Tennessee 37831, USA

We use inelastic neutron scattering to study spin dynamics of superconducting and non-
superconducting FeTei-xSex. Our results indicate a spin fluctuation spectrum dominated by two-
dimensional incommensurate excitations extending to energies greater than 250meV. Most
importantly, the spin excitations in FeTe1-xSex have four-fold symmetry about the (1, 0) wavevector.
Moreover, the excitations are described by the identical wavevector and can be characterized by the
same model as the normal-state spin excitations in the high-Tc cuprates. These results demonstrate
commonality between the magnetism in these classes of materials, which perhaps extends to a
common origin for superconductivity.
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MAGNETIC COLLOID NANOSYSTEMS

FERRONEMATICS - THE WAY TO MAGNETOVISION CAMERA

P. Kopcansky?, N. Tomasovicova?, M. Timko?, V. Gdovinova?, N. Eber?, T.-T.-Katona®,
Ch.-K. Hu®, Sh. Hayryan®, V. M. Haramus ¢, V. Petrenko®, M. Avdeev®

Institute of Experimental Physics SAS, Watsonova 47, 04001 Kosice, Slovakia

b Institute for Solid State Physics and Optics, Wigner Research Centre for Physics, Hungarian Academy of
Sciences, H-1525 Budapest, P.O.Box 49, Hungary

“Institute of Physics, Academia Sinica, 128 Sec.2, Academia Rd., Nankang, Taipei, Taiwan

4 Helmholtz- Zentrum Geesthacht Outstation at EMBL/DESY, Notkestrasse 85, Hamburg, Germany

¢ Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Moscow region, Russia

Liquid crystals (LCs), due to their large dielectric anisotropy, respond very sensitively to
application of an external electric field, whereas they are only weakly sensitive to the magnetic field.
A possible way of improving that sensitivity is doping LCs with magnetic nanoparticles (MNPs). As
a result, stable colloidal suspensions of LCs with relatively low concentrations of MNPs, called
ferronematics, can be produced. These suspensions are considered to be extremely promising
materials, in which the properties of LCs are modified by doping. As a representative example, the
presence of the magnetic admixture enhances the magnetic susceptibility of ferronematics in
comparison to that of the undoped nematic LCs and allows controlling their orientation with much
lower magnetic fields [1]. We will demonstrate that even very low magnetic fields (B < 0.1 T) may
induce a significant magnetic response in ferronematics. We will also show the possibility to alter the
nematic-isotropic transition temperature with an external field in the thermotropic calamitic doped
with rodlike MNPs [2]. Our results have proven that ferronematics can be just as effective in
demonstrating the magnetic field induced isotropic-nematic phase transition as pure bent-core
nematics [3]. Recently a consistent mean-field model was developed for the field-induced shift of the
temperature of isotropic—nematic phase transition in ferronematics [4]. It will show that depending
on the anchoring conditions on the particle surface, the particles might either enhance or decrease the
clearing temperature of the suspension [5].

An important feature of lyotropic LCs is the self-assembly of the amphiphilic molecules as
supermolecular structures. We will present the formation of nematic LC phase in solutions
containing lysozyme amyloid fibrils and MNPs. Interaction and adsorption ability of MNPs on
lysozyme amyloid fibrils were studied by SAXS and TEM. Visualization of the fibrils by TEM also
indicates that MNPs adsorb on the fibril surface. This fact provides possible ordering of the fibrils
applying to the nematic phase.

This work was supported by project VEGA 0045, the Slovak Research and Development
Agency under the contract No. APVV-0171-10 and APVV-2013-0009, Ministry of Education
Agency for Structural Funds of EU in frame of projects 26110230097, and M-era.Net project
MACOSYS.

[1] N. Tomasovicova, M. Timko, Z. Mitroova, M. Koneracka, M. Rajnak, N. Eber, T. Toth-Katona, X. Cahud, J. Jadzyn,
P. Kopcansky, Phys. Rev E 87, 014501 (2013).
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NEUTRON INVESTIGATIONS OF WATER-BASED FERROFLUIDS SYNTHESIZED BY
DIFFERENT METHODS
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2 Taras Shevchenko National University of Kyiv, Kyiv, Ukraine
3 Institute of General and Inorganic Chemistry, Kyiv, Ukraine

Investigation of colloidal systems of magnetic nanoparticles dispersed into a liquid medium
constitutes a specific trend in condensed matter science by enabling the use of magnetic particles in a
wide range of technical applications and especially in medicine [1,2]. For medical destinations the
particles have to meet special requirements, like being nanosized, nontoxic and having stability to
aggregation, etc. Prospects of useing magnetic NPs in particular hyperthermia treatment of cancer
impose an additional requirement: the ensemble of particles has to demonstrate high heating
efficiency under alternating magnetic field.

Manufacturing of new ferrofluids with the specified properties for biomedical purposes
involves the development of new methods of synthesis of magnetic nanoparticles. The first basic
requirement to ferrocolloid in this case is biocompatibility of the liquid medium.

Water based agarose gel due to haptic behaviour compared to biological material [3] is often
used as a model of biological tissue in biomedical experiments with manetic nanoparticles [4-6]. For
this reason, a mixture of agarose (polysaccharide, C12Hi1809) in a water is selected as liquid carrier of
magnitite contained ferrofluids.

Samples of the magnetic liquids prepared by three different methods of magnetite
nanoparticles synthesis [7,8] were studied in frameworks of Small-Angle Neutron and Synchrotron
Scattering methods. Obtained experimental data allowed to make some concusions about the
structure of considered ferrofluids. All samples demonstrated the separation of liquids on a
precipitate and a supernatant fractions. Small-angle experimental measurements were performed on
the corresponding supernatant fractions.

It is shown that two kinds of ferrofluids have a similar microstructure: monomers of magnetite
with Guinier radius of 2.8-2.9 nm are resolved by SANS and aggregation with 2.6-2.8 fractal
dimension is presented in the systems. The magnetic liquid prepared using microemulsion differs
from previous ones by its complex aggregation.

[1] Belous 4., Solopan S., Yelenich O., Osinsky S., Bubnovskaya L., Bovkun L. / IEEE ELNANO 2014, Kyiv, 2014, P.
245-249.
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NANOPARTICLES STUDIED BY SMALL ANGLE NEUTRON SCATTERING (SANS)
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Ferrofluids are remarkable suspensions of magnetic nanoparticles in conventional base fluids
such as water, oils, or glycols [1]. In this presentation we focus on a transformer oil-based ferrofluid
(TOFF) containing magnetite nanoparticles covered with oleic acid. TOFF are of great scientific
interest due to the enhanced cooling effect and fascinating dielectric properties, especially the
increased electrical breakdown field strength [2, 3]. This phenomenon is paradoxical and still not
fully understood. Within this context we have therefore undertaken investigations into structural
behavior of the nanoparticles exposed to electric fields far below the sample breakdown. For that
purpose, in situ Small Angle Neutron Scattering experiments were conducted on a sample placed in a
standard quartz cuvette equipped with two tubular electrodes inside. It has been found that DC
electric field induces remarkable aggregation processes in the sample, dependent on the applied field
strength. Moreover, anisotropic alignment of the elongated clusters in the direction of the applied
field has been revealed. On the other hand, no changes in SANS profiles in the investigated g-range
were observed when AC electric field with the power line and higher frequencies was applied.
However, at 6kV/cm, the frequency of 800 mHz has been found as the critical one, at which the
particles are initiated to form the aggregates. The analyses of the structural changes in the ferrofluid
can make essential steps towards solving the paradoxically higher breakdown field strength of
ferrofluids in comparison to pure transformer oils. As the response of magnetic nanoparticles in
ferrofluids to electric fields was not expected and often neglected, the presented study may open a
new avenue of research on magnetic colloidal systems.

This work is supported by NMI3 to perform the neutron scattering measurements at the Heinz
Maier-Leibnitz Zentrum (MLZ), Garching, Germany, Slovak Academy of Sciences and Ministry of
Education in the framework of projects VEGA No. 2/0043/12, 2/0045/13, 1/0311/15, Ministry of
Education Agency for structural funds of EU in frame of projects Nos. 26110230061, 26220120046,
26220120055 and 26220220182, Slovak Research and Development Agency in project APVV 0171-
10, and COST RADIOMAG TD 1402.
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The superconducting transition temperature (Tc) of tetragonal Fei+sSe can be enhanced from
8.5 K to 44 K by chemical structure modification resulting in significant increase of [Fe2Se:]-
interlayer separation: from 5.5 A in native Fei+sSe to > 7 A in KxFeiySe and to > 9 A in
LiixFex(OH)Fei-ySe. Structure modification is achieved by the shift of the [Fe2Sez]-slabs and filling
the interlayer space by solvated lithium and iron cations or by large alkaline cations like K. We
firstly report the application of electrochemical approach to modification of Fei+sSe superconducting
properties. In contrast to chemical way the electrochemical approach allows to insert small amount
of non-solvated Li" into Fei+sSe structure keeping the native structure and [Fe:Se:]-layers
arrangement. The amount of intercalated lithium is extremely small (about 0.07 Li" per fu),
however, caused slight change of carrier concentration results in enhancement of Tc up to ~ 44 K.
The obtained results provide the opportunity to better understand the mechanism of
superconductivity in Fe-based superconductors and open new possibilities for Tc-enhancement.

This work was supported by Russian Scientific Foundation grant No. 14-13-00738.
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EVOLUTION OF CRYSTAL STRUCTURE OF CATHODE MATERIAL
LINIo.8AL0.1CQO0.102 DURING ELECTROCHEMICAL CYCLING

LA. Bobrikov, N.Yu. Samoylova, A.I. Beskrovny, A.M. Balagurov
Joint Institute for Nuclear Research, Dubna, Russia

The evolution of crystal structure of cathode material LiNiosCo0.1Alo.1O2 during
electrochemical cycling has been studied using neutron diffraction at RTD (Real-Time-
Diffractometer) at the IBR-2 pulsed reactor (FLNP JINR, Dubna).

LiNixMyCoix-yO2 —type of material has just only begun to be used as a cathode material in
lithium-ion battery manufacturing instead of widely used lithium cobaltite. Investigation of this type
compounds in real time during electrochemical cycling have been carried out until now only in
special model electrochemical cells using X-ray diffraction ([1]). Neutron diffraction allows one to
investigate a crystal alteration in the electrode materials not only in a tailor-made electrochemical
cell, but also in the real lithium-ion devices, and to exclude thus such a factor as a difference between
constructions of model cells and real batteries.

The real lithium-ion battery Panasonic with cylinder 18650-type has been studied in this work.
Graphite is used as a negative electrode, material with composition LiNixAlyCoix-yO2 with x = 0.8
and y = 0.1 (X, y were refined from neutron diffraction data) is used as a positive electrode. Crystal
structure of LiNiosAlo.1C00.102 in a fully charged state corresponds to space group R-3m with cell
parameters a = b = 2.8645(1) A and ¢ = 14.2099(2) A.

Analysis of experimental data collected during several charge-discharge cycles at different
cycling rate (C/3 and C/10, C- full battery capacity) has shown that intercalation of lithium into
graphite accompanies by a formation of several LiCn phases (Fig.1). The formation of final LiCe
phase is clear detected as an abrupt appearance of diffraction peak at d = 3.67 A. We have obtained
no such phase separation in cathode material LiNiosAlo.1Co0.102 as, for instance, in
LiNio.8Co0.15Al0.0s02 [1]. In the meanwhile, the unit cell parameters of these two compounds change
during charge equally, expansion and subsequent compression of unit cell is anisotropic. When
charging, first, the unit cell expands along hexagonal c-axis and somewhat compresses in a basal
plane (a and b axes). Then, near full charge state, there are a drastic compression of unit cell along c-
axis and somewhat its expansion along a and b axes.

Authors I.A. Bobrikov, N.Yu. Samoylova, A.M. Balagurov thank Russian Science Foundation
for financial support of this research (project 14-12-00896).
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PHASE TRANSITIONS UPON LI (DE) INTERCALATION IN LIxFE;.yMNyPO; (0<X<I,
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Complex phosphates LiFeiyMnyPO4 became an object of a great interest as cathode materials
for Li-ion batteries. Partial substitution of Fe by Mn in LiFePOu allows to increase specific energy
density of the cathode material because of higher electrochemical potential Mn?*/Mn**, keeping
proper stability and low degradation rate during galvanostatic cycling. Two-phase mechanism of Li"
deintercalation-intercalation is typical for LiFePOs4, but for Mn-substituted olivines extraction and
insertion of Li" occurs via single phase in broad ranges of composition [1], [2]. Phase
transformations in LixFei.yMnyPO4 were studied in a number of works with in situ and ex situ
diffraction methods, but X-ray diffraction data provides only one-sided notion about the processes
which occur during Li" (de)intercalation in these compounds. The aim of the present work is detailed
study of phase transformations in LixFeiyMnyPO4 (0<x<1, 0<y<0.5) by means of in situ X-ray
powder diffraction (XRPD) and potentiostatic intermittent titration technique (PITT).

Single-phase samples of LiFei.yMnyPOs (0<y<0.5) were obtained by hydrothermal method.
Phase transformations during Li" extraction/insertion in LixFe1yMnyPOs (0<x<1, 0<y<0.5) were
studied using in situ XRD and — independently — by corresponding treatment of PITT data, described
in [3]. Using this method, we calculated contribution of single-phase mechanism (parameter f, where
f = 0 means complete two-phase reaction, and f = 1 regards to ideal solid solution) into total process
of Li* (de)intercalation. Results obtained by these two methods are in a good agreement with each
other (Fig. 1). Three different types of phase transformations may be observed for the compositions
LiFePO4, LiFeo9oMno.1PO4 and LiFeosMnosPOas; also different behavior may be seen for
LiFeo.sMno.sPO4 during charge and discharge. Explanation for the observed phenomena is proposed
basing on crystal chemistry parameters of lithiated and delithiated phases.

The work was supported with the RFBR grants (14-03-31473, 14-29-04064).
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The need of modern devices for reliable and energy-intensive autonomous power sources
stimulates the progress of lithium-ion batteries (LIB). Expansion of large-scale LIBs for electric
vehicles (EV) and energy storage systems (ESS) puts to the fore the safety of power sources. In
Fig.2. Structural and electrochemicetals have a distinct advantage over the layered oxides,
traditionally used as LIB's cathode materials. Examples of such compounds include lithium-
vanadium phosphate (Li3V2(POa4)3) and fluorophosphate (LiVPO4F). LizV2(POs)3, related to the
NASICON-type compounds can be modified by introduction of substituent atoms into the cation and
anion sublattice. Usually this leads to a change in parameters of the crystal structure and energy state
of lithium therein, which in turn is reflected as an increase of electrode potential and conductive
properties of such compounds. However, in the case of the anionic substitution by fluorine the
compound of another structural type is formed — tavorite (LiVPO4F). The electrochemical behavior
of these two lithium intercalation compounds differs considerably. Charge-discharge characteristics
of lithium-vanadium phosphate at a constant current in the potential range of 3.6-4.7 V are of
asymmetric shape (Fig.1a): delithiation curve has a multi-step shape, lithiation curve, in opposite, is
of sloping, smoothed shape. Lithium-vanadium fluorophosphate has symmetrical flat charge-
discharge characteristics (Fig.1b) similar to curves of well known LiFePOs, but at a higher potential
of4.2 V.
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Fig.1. Galvanostatic charge-discharge curves for (a) LizV2(PO4); and (b) LiVPO4F-electrodes at
different currents.

By the theoretical specific capacity LizV2(POas)s looks like more advantageous with 197 mAh/g
vs. 156 mAh/g for LiVPO4F. However, each of these compounds has a number of advantages over
the opponent, which allows to separate the fields of their application. Common to both of them is
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inherent to all phosphate materials low electronic conductivity, coexisting with high ionic
conductivity, which makes it necessary to obtain these compounds in the form of a special composite
wherein the electroactive compound particles are dispersed in a matrix of conductive carbon
materials. Further improvement of these materials is possible by the structural and morphological
modification, as well as selection of a composition and content of electrically conductive matrix of
such composite. These tasks can be solved provided detailed knowledge of the structural and
electrochemical properties of Li3V2(PO4); and LiVPO4F.

The main tool for structural studies in this work is the method of neutron diffraction. The
measurements were performed using HRFD-diffractometer at high resolution. The exposure time
was 12 hours for each sample. The neutron diffraction pattern of LizV2(PO4); processed by the
Rietveld method is shown in Fig.2a. Processing was performed using the FullProf software package.
Coordinates of atoms and the unit cell parameters were refined, in some cases population of atomic
positions were determined (as it turned out, the occupancies were filled nominally, so at the final
stage of refinement, they were fixed).
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Fig.2. Structural and electrochemical investigation of LizV2(POs)s-electrode: (a) — neutron diffraction
pattern for Rietveld refinement and (b) electrochemical impedance spectra of the fully lithiated (3.5 V)
and delithiated (4.1 V) states of the electrode.

The electrochemical properties of the materials were studied by the complex of methods:
galvanostatic  charge-discharge, cyclic voltammetry (CV), pulsed chronoampero- and
chronopotentiometry (PITT and GITT, relatively), electrochemical impedance spectroscopy (EIS).
The theoretical bases of methods in the application to lithium-vanadium-phosphate and
fluorophosphate electrodes were developed in our studies [1,2]. Using the EIS method different
stages of the electrochemical process (transfer through the boundary particle, diffusion in the bulk)
were identified and their parameters (lithium diffusion coefficient (D), resistance and geometric
capacitance of surface layer, intercalation capacitance) were determined. The results of different
methods are in good agreement.

The neutron diffraction study of the electrode materials is supported by Russian Science
Foundation (project 15-13-10006), and synthesis and electrochemical study of the materials are
supported by Russian Foundation for Basic Research (project 14-29-04005).
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[2] A.V. Churikov, A.V. Ivanishchev, A.V. Ushakov, V.O. Romanova, J. Solid State Electrochem. 18 (2014) 1425.

49
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Oxide catalysts of the spinel type structure attract a great attention in recent years because of
their high activity and high resistance to adverse factors of the reaction medium - high temperatures
and high water content. Although the study of these catalysts are held for a long time, it is unclear
the impact of the chemical composition and the ratio of trivalent cations on the distribution of copper
cations in the oxide and its catalytic properties. Therefore, in this paper on the example of mixed
oxides CuAlxCr2xO4 and CuAlxFe2xOs4 (x = 0+2) we investigated the influence of chemical
composition on the structural features and catalytic properties in low temperature WGSR.

The samples were obtained by thermal decomposition at 900°C of mixed CuAlCr and CuAlFe
hydroxocompounds at Boreskov Institute of Catalysis.

Structural study was performed by neutron diffraction technique. Experimental data were
obtained with High Resolution Fourier Diffractometer at the IBR-2 pulsed reactor in Dubna.
Analysis of diffraction patterns was carried out using MRIA and FullProf packages.

It is shown that depending on the Al/Cr ratio spinel phase exists in two modifications - the
cubic and tetragonal distorted cubic. Crystallographic analyzes of the connection between cubic and
tetragonal distorted spinel phase was done. It is shown that the distribution of cations on
crystallographic positions, nature and extent of tetragonal distortion of the spinel CuAlxCr2xO4
depends on the AIl/Cr ratio. The real cation distribution in them was determined by the Rietveld
refinement of neutron diffraction data.

For CuAlxFe2-xO4 spinels the structure is cubic and partly inverted for all Al/Fe ratios.

The correlation of distribution of copper ions on the octahedral and tetrahedral positions and
the activation energy of the low-temperature WGSR, occurring at active Cu-centers, was found.

The study was supported by RFBR Projects Ne 13-03-00469 «a» and Ne 14-29-04091 ofi_m.

The authors are grateful to I.Yu Molina and M.P.Demeshkina (BIC, Novosibirsk) and
V.G.Simkin (JINR, Dubna) for their help.
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NEUTRON IMAGING AND APPLIED STUDIES

INVESTIGATION OF AN ANCIENT THRACIAN SPEAR FRAGMENT WITH NEUTRONS
AND X-RAYS
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An ancient Thracian spear fragment was discovered in September 2014 close to INR near
Argesel river in a tomb with remains after dead body incineration. The tomb was over over 2500-
2600 years old and the spear fragment is from late Hallstatt iron age from Thracian culture, type
Ferns III. The fragment was made in forging iron with a tubular conical form for wood handle of the
spear. This fragment has the size of about 12 cm length, 2.2 cm maximum diameter and 0.3 cm
thickness of the wall and was borrowed from Arges County History Museum (ACHM). There are
presented the activities and their results with investigations on spear fragment made by neutron
imaging in INR and JINR Dubna, neutron diffraction and NAA in JINR Dubna, XRF and SEM-EDS
in INR. The collaboration among INR, JINR Dubna and ACHM was done within a research contract
with TAEA with title “The neutron and gamma imaging method combined with neutron-based
analytical methods for cultural heritage research” that helps curators to reveal the internal structure
and composition of the objects. This is a good beginning for the dissemination of the investigation
methods based on neutrons and X-rays for cultural heritage and beyond this area.
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OIIbIT HCCJIEJOBAHUSA MAJTEOHTOJIOI'NMYECKUX OBBEKTOB C IIOMOIIBIO
HEWTPOHHOM TOMOI'PA®HWHN HA PEAKTOPE UEP-2

A.B. Ilaxuepnu !, JI.I1. Kosnenko 2, C.E. Knuanos 2

Y [Maneonmonoauueckuii uncmumym um. A.A. Bopucaxa PAH, Mockea
2 O6veounenmviti uncmumym S0epHblx ucciedoeanus, J{yona

B HacTtodmee BpeMs B IAJCOHTOJIOTMH MCIOJNB3YKOTCS  pa3jIM4YHbIE  HAIpPaBJICHUS
Hepa3pylIalero Meroga —  ToMorpaguu, HalmpuMep, pPEHTTeHOBCKas  ToMorpadus,
MUKpoToMorpadus, HaHoToMorpadus. Helitponnass Tomorpadus TOJBKO HauWHAET 3aHUMAaTh CBOE
MECTO, W TEpBbIE PE3yJIbTaThl €€ NPUMEHEHUS Y€ W3BECTHbl. TeM He MeHee, 0 CHX IOp OHa
OCTaeTcs HEIOCTaTOYHO BOCTPEOOBAHHOH, XOTS HMMEET CBOM OCOOEHHOCTH B CpPaBHEHHH C
PEHTTEHOBCKUM METOJIOM.

HccnenoBanne  MaiecOHTOJNIOTMYECKUX  OOBEKTOB HAa  ycTaHOBKe peaktopa WBP-2,
OOBbeIMHEHHOT0 WHCTUTYTa SIIEPHBIX MCCIIENOBAHUN Hadaioch Oojble roja Haszaa. Ilepsble
NpOoOHbIE HCCIIEOBaHUS ObUTM BBINOJHEHbI Ha Marepuane [1aneoHTONOrn4eckoro MHCTUTYTa WM.
A.A. bopucska PAH npu yuactun HULl «KypuaroBckuii MHCTUTYT». OHM ObUIM BBIIIOJHEHBI Ha
npUMepe pPaKOBUH IOPCKOro ammoHuTa U Opaxuomnonsl Kaninospirifer kaninensis mepmckoro
nepuona (n-oB KanuH). B HacTosmiee Bpems, Kak pe3yibTaT COTPYIHHUYECTBA, BBIPUCOBAJINCH
CJIEYIOIINE HaIlpaBJICHUs, OTpa)kaloUlle MPEeUMYIIecTBa METO/Ja U OCOOEHHOCTHU YCTaHOBKH MJIs
HEHTpOHHOU paguorpadun u Tomorpaduu Ha peakrope MBP-2.

1. Ha ycranoBke nnsi HEeWTpoHHOW pamuorpaduu u ToMorpadum Ha peakrope HMBP-2
CYLIECTBYET BO3MOKHOCTh UCCIIEIOBaHMs OOJBIINX OOBEKTOB C NMPOCTPAHCTBEHHBIM pa3pelieHHEM
no 300 MxkM u BenuuMHOM nukcens — 87 MKM. /I MaJeoHTONOrMM BCErja CyIIecTBOBaA
HE00X0UMOCTh TOMoOrpaduu KpynHbIX O0O0BekTOB. B Ilal€eOHTOIOrMUECKOM WHCTUTYTE OHA
HAYMHAJIACh C HUCCIEAOBAaHMs YepenoB MaHIMPHBIX AMHO3aBpoB ponxa Tarchia Ha mMeaumuHCKOM
tomorpade. [TosToMy BOCTpeOOBAaHHOCTH HEHTPOHHOM TOMOrpadguu B 00JACTH HEPa3pyIIAIOIIETO
HCCTIe0OBaHMUs KPYITHBIX 00BEKTOB OueBUAHA. B HacTosmmmit MomeHT coBMecTHO ¢ B.B. BynanoBeim
(ITMH PAH) uccnenyrorcss nBa uepena HEPMCKHX 3€MHOBOIHBIX, OJUH W3 KOTOPBIX SIBIISETCS
TOJIOTUIIOM BHJA.

2. Psan XMMHMYECKHX 3JIEMEHTOB MMEIOT BBICOKHE KOX(PQHUIMEHTH! MOIJIOIIEHUS] HEUTPOHOB.
Cpenu Hux moxHo otMetuTh B, Rh, Cd, Hg, Ir, H u apyrue. Jlng maneoHTONOTHH MOKET UMETh
3HAYeHHWE BOJOPOJ, JJIEMEHT (OpPMUPYIOUIMIA KOHTPACTHOCTh HEKOTOPBIX CTPYKTYp B
MAJICOHTOJIOTHYECKUX 00bekTax. OOUH M3 TaKUX CIy4aeB 3TO COXpaHMBIIEECS OPraHMYECKOe
BEIIECTBO B OKAMEHEBUIMX O0bEKTaX. B peakux ciydasx TMajieoHTOJNIOTH CTaJKUBAIOTCS C
COXPAHMBILIUMCS OPraHUYECKUM BELIECTBOM, HAIpUMEp, €ro OOHApyKUBAIOT B YHUKaJIbHBIX
MECTOHAXOXKICHUSX, TJE€ COXPAHSIOTCS MATKHE TKAaHU XUBBIX OPraHU3MOB — JIarepuITeTTax, B
KOCTSIX KMBOTHBIX, BO3pacT KOTOPBIX COCTaBJISIET HECKOJIBKO COTEH U ThICAY JIET. bonpminx ycnexos
JOCTHIJIa YEeTBEPTHUYHAs NAJICOHTOJIOTHS U NaneoaHTponosorus B pacmudposke JTHK mepcructoro
MaMOHTa ¥ HEKOTOPBIX ApeBHUX Jiojeld. HelitpoHHas Tomorpadus MOXKET OKa3aThbCs XOPOIINM
MOJCIOpPbEM JUIsI MOJOOHBIX HccienoBaHMW. B Hamem ciydae Mbl Hauanu coBMecTHO ¢ A.b.
Coxonosoit (IIMH PAH) ananu3 pacmpocTpaHeHHs OpraHMYECKOrO BELIECTBA B PACTUTENBHBIX
00BEKTAaX — IIUIIKAX XBOMHBIX PAaCTCHUH. BBIACHMIOCH, YTO BCE HMCKOMAEMOE BEIIECTBO LIMIIEK
HACBILLIEHO OPTaHUYECKUMU COEIMHEHUSAMU. B CBS3M ¢ 3TUM HCKONaeMble pacTEHUSI MOKHO CUMTATh
MEPCIEKTUBHBIM 00BEKTOM JIsl JAHHBIX HCCIIEJOBAHUH.
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3. B HEKOTOpPBIX CiIydasiX BOJOPOJICOAEPKAIEH MOKET OBbITh BMELIAIOIIas OPO/ia, HallpUMep,
[NIMHA. DTO BIUSET Ha KOHTPACTHOCTH COJIEPKAIMXCA B HEW MCKOMAeMBIX OOBEKTOB, TAKXKE OHA
MOJKET 3aIOJHATH MOJIOCTU PA3PYIICHHBIX CTPYKTYP UCKOMAEMOro 00BEKTa, CO3/1aBasi ero CIernokK (B
MAJIEOHTOJIOTUU - A1po). Mnu ke OHa 3amojHAET IyCTOThl OT HOP M KaHAJIOB, IPOJEIAHHBIX
KUBOTHBIMHU. OTH CIEAbl )KU3HEAEATEIbHOCTH MOYKHO PAacCMOTPETh BHYTPHU MOPOJBI C MOMOLIBIO
HEHTpOHHOW TOMOrpaduu. B TOM unciie ¥ MOCTPOUTH TPEXMEPHYIO MOAETh UX PACIIPOCTPAHCHHS B
ropHoii nopoae. [logoOHbIEe uccienoBaHUs MPOBOAATCS Ha MPHUMEpPE CJIEN0B KUZHEACSITEIbHOCTU
coBmectHo ¢ B.b. Kynumnoii (ITMH PAH) u A.B. JIponossim (' TH PAH).

4. Ucnonb3ys pa3inyHbIe METOJbI, COBMEIIAasi UX C HEHTPOHHOW Tomorpaduen, Mbl MOKEM
MOJIYYUTh JTONOJIHUTEIbHBIE PE3yJIbTaThl, KOTOPHIE MMO3BOJIIOT BCECTOPOHHE U3YUUTh UCCIIENAYEMbIN
00bekT. C MOMOIIBIO PEHTTEHOBCKOH MUKPOTOMOTpaguu M HEUTPOHHON TOMOrpaduu Mbl Hadalu
M3YYCHHE COBPEMEHHBIX CTPOMATOJIUTOB MIenoyHoro o3epa IleryxoBckoro (Anraiickuii kpait),
coBmectHO ¢ O.C. Camputunoit (MHMU PAH) u JI.B. 3aiinesoii (IIMH PAH). Oto uccnenosanue
IIOMOXET TIOHATh IPOLIECChl O00pa30BaHMA MCKONAEMBbIX CTPOMATOIUTOB. B pomonHeHuu K
tomorpaduueckum  Merogam  npuMeHsuiack  MK-®Dyppe  cmektpockomusa.  PeHTreHoBckas
MUKpPOTOMOTpadus MO3BOJIUT BBIIBUTH 3JIEMEHTHl MUKPOCTPYKTYPbI CTPOMATOJIUTA, pAaCIpeeeHHe
CJIOEB C KaJBIIUTOM M MECKOM, CIIOEB OOOTAIICHHBIX CTPOHIIMEM. 3aJada HEUTPOHHOU ToMoTpadum
ONPEEIUTH JIOKAIU3AIUI0 OPraHUYECKOIO BEIIECTBA B CIIOSAX CTPOMATOJIMTA.

Takum 00pa3oM, HCMONB3YsI BOZMOKHOCTH HEHTPOHHOU TOMOTpaduu, Mbl MOKEM TOIYYUTh
HOBBIE PE3YJIbTAThl B U3yUYECHUH MaJCOHTOJIOTMYECKUX 0OBEKTOB, KOTOPhIE HEBO3ZMOKHO TOJIYUHTH C
MIOMOUIBIO APYTON TEXHUKU U METOJOB.
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ELASTIC ANISOTROPY OF LAYERED ROCKS: CRYSTALLOGRAPHIC TEXTURE
AND ULTRASONIC MEASUREMENTS OF PLAGIOCLASE-BIOTITE GNEISS VERSUS
EFFECTIVE MEDIA MODELING

Ivan Zel !, Tatiana Ivankina ', Tomas Lokajicek >

! Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia
2 Institute of Geology, Academy of Sciences of the Czech Republic, 165 00 Prague 6, Czech Republic

Elastic anisotropy is an important property of Earth’s crustal and upper mantle rocks. This
study investigates the contribution of structural fabrics (layering, shape preferred orientations (SPO)
and mineral lattice preferred orientations (LPO) to the bulk elastic properties of a strongly
anisotropic plagioclase-biotite gneiss, using neutron diffraction texture analysis and ultrasonic
measurements. Mineral LPOs measurements were done by the time-of-flight (TOF) texture
diffractometer SKAT in Dubna, Russia. The spatial distributions of P-wave ray velocities were
obtained on a spherical sample at different hydrostatic pressures up to 400 MPa. The inversion
procedure was then applied to recalculate specific elastic moduli and phase velocities of P-waves.
The nonlinear approximation of velocity-pressure relationship

pV?(P)=pV, +B-P-Dexp(-k-P)

was used to estimate the influence of flat cracks at low pressures (by D value distribution) and

mineral skeleton properties (pOVO2 + B-P) at high pressures on the elastic anisotropy of bulk rock

sample. Modeling of the effective properties of gneiss was based on the texture data and included
different averaging procedures (Voigt, Reuss, Geomean, Geomixself, Backus). A major contribution
to the bulk anisotropy is from biotite and muscovite CPOs. Moreover, ilntercrystalline and
intracrystalline cracks are closely linked to the morphologic sheet plane (001) of the biotite and
muscovite minerals, leading to very high anisotropy of bulk sample at low pressures. Above about
150 MPa the effect of cracks is almost eliminated, due to progressive closure of flat microcracks.
Comparison of the LPO-based calculated anisotropy with the intrinsic anisotropy obtained by the
nonlinear approximation (at 0.1 MPa) gives hints for a major contribution of micas LPO rather than
SPO to the overall elastic properties of the rock sample.
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TEXTURE INVESTIGATION THROUGH THICKNESS OF ROLLED HIGH-STRENGTH
STEEL BY NEUTRON DIFFRACTION

A.A. Zisman', T.A. Lychagina?, D.I. Nikolayev?, N.F. Drozdova', S.N. Panpurin®
ICentral Research Institute of Sructural Materials "Prometey", St.Petersburg, Russia
2Joint Institute for Nuclear Research, Dubna, Russia

3St.-Petersburg State Polytechnic University, St.Petersburg, Russia

E-mail crism_ru@yahoo.co.uk

Structure of hot rolled steels commonly has a macroscopic non-uniformity that appears first in
crystallization and then evolves because of temperature and strain inhomogeneity across the billet
thickness. The strain inhomogeneity, in turn, results in a corresponding deformation texture of high-
temperature y—phase (austenite). Although the latter texture is eventually replaced by the texture of
low-temperature a—phase (bainite) because of the phase transformation in quenching, a characteristic
non-uniformity of structure and properties is retained due to the pronounced “crystallographic
memory” peculiar to bainitic and martensitic steels. However, to study macroscopic non-uniformity
with the conventional XRD or other local techniques is hardly possible because of extremely small
thickness of diffracting layers. Meanwhile, owing to very high penetration ability of neutrons, the
neutron diffraction from macroscopic samples is easily recorded thus allowing one to tell between
different parts of the processed steel through its thickness.

In this work the crystallographic texture for a set of steel samples cut from the primary steel
slab (crystallized semi-product) has been measured by neutron diffraction. These samples correspond
to different parts through the slab thickness. Besides, two rolled sheets underwent different
deformation degree by rolling have been investigated. The texture measurements were carried out by
neutron diffraction using time-of-flight technique at SKAT diffractometer situated at IBR-2 reactor
(Dubna, Russia). The high SKAT resolution allows to have non-overlapped diffraction peaks for a-
Fe phase of the steel. The three complete pole figures (110), (200), (211) of a-Fe in 5°%5° grid have
been extracted from a set of 1368 spectra measured for each sample. It was used the local peak fit
procedure for the pole figures extraction.

It was concluded that both the crystallization texture and, accordingly, its inhomogeneity is
weak. At the same time, the rolling texture is distinct and sharpens with deformation degree; besides
it is accompanied by the grain refinement. The transformation texture of rolled sheets can be
described by two components

112y <110 > (@=90", 3=3526",y=45")
and
A1y <112 > (a=0",p=5474,y=45)
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SOFT MATTER

EFFECTS OF NORMAL ALKANES ON BILAYER THICKNESS IN
DIOLEOYLPHOSPHATIDYLCHOLINE LIPOSOMES
P. Balgavy !, A Islamov %; D. Uhrikova !; N. Kugerka -2

'Faculty of Pharmacy, Comenius University, 832 32 Bratislava, Slovakia
2Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Moscow Region, Russia

It is known that the composition and the thickness of the lipid bilayer play an important role in
controlling the function of membrane proteins. It is therefore important to fully understand the
factors that afect bilayer thickness. In particular, for experiments that use artificial bilayers to
understand membrane protein function, a precise characterization of bilayer thickness is vital.
Artificial bilayer black lipid membranes (BLMs) formed on a small hole (0.8-2.5 mm) in a Teflon
cup immersed in larger glass compartment filled by electrolyte have been used extensively to
characterize bilayer thickness. From the BLM capacitance, its thickness is calculated supposing that
BLM is a parallel plate capacitor with a hydrophobic interior with the relative dielectric permittivity
e~ 2.1. Using this approach, it has been found in case of normal alkanes (Cn, n is number of
carbons) as admixtures in BLMs prepared from DOPC (dioleoylphosphatidylcholine) that the
thickness decreases with increasing the length n of the alkane Cn [1-3]. We have found just the
opposite using small-angle neutron scattering on bilayers in unilamellar DOPC vesicles (ULVs).

ULVs were prepared from DOPC and Cn using the cholate (CH) dilution technique. Weighed
DOPC, Cn and CH amounts were mixed in needed molar ratios in the CHCl3+CH3OH solvent. After
solvent evaporation in a vacuum, mixed DOPC+Cn+CH micelles were prepared by adding an
appropriate amount of D20. The mixed micelles were transferred to small dialysis packs and CH was
removed from micelles by placing packs in a rigorously stirred large volume of D20 at room
temperature. SANS measurements were performed on the YuMO spectrometer with ULVs thus
prepared. The scattering curves were evaluated using the model of hollow polydisperse spheres with
the bilayer having the homogeneous neutron scattering length density. At the molar ratio
Cn:DOPC=0.4 and at 25°C, the bilayer thickness d, the ULVs mean radius R and the half-width  of
Gaussian distribution of ULV’ obtained from fitting of SANS curves are following:

ULVs d [nm] R [nm] o [nm]

DOPC 3.19 28.3 5.4
DOPC+C6 3.24 29.2 5.7
DOPC+CS8 3.22 17.4 4.0
DOPC+C10 3.38 12.5 3.8
DOPC+C12 3.53 12.0 3.2
DOPC+C14 3.60 12.3 3.1
DOPC+C16 3.59 13.6 34

This work was supported by the VEGA grant 1/1224/12 and by the JINR 04-4-1121-2015
project.

[1] R. Benz, K. Janko: Biochim. Biophys. Acta 455 (1976) 721
[2] T. Hianik: Acta Physica Slovaca 56 (2006) 687
[3] L.C.M. Gross, A.J. Heron, S.C. Baca, M.I. Wallace: Langmuir 27 (2011) 14335
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STUDY OF VISUAL PIGMENT RHODOPSIN SUPRAMOLECULAR ORGANIZATION IN
PHOTORECEPTOR MEMBRANE BY SMALL ANGLE NEUTRON SCATTERING
METHOD WITH CONTRAST VARIATION

T.B. Feldman'*?, A.I. Ivankov*>S, T.N. Murugova*>, A.I. Kuklin*3, P.V. Shelyakin 2,
M.A. Yakovleva 2, V.I. Gordeliy>”®, A.V. Belushkin , M.A. Ostrovsky!-*?

! Department of Molecular Physiology, Biological Faculty Lomonosov Moscow
State University, Leninskie Goryl, Moscow, 119991, Russia
2Emanuel Institute of Biochemical Physics Russian Academy of Sciences Kosygin st.4,
Moscow, 119334, Russia
% Laboratory of Radiation Biology, Joint Institute for Nuclear Research, Dubna, Russia
4 Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
*Moscow Institute of Physics and Technology, Institutsky per. 9, Dolgoprudny, Moscow
Region, 141700, Russia
®Taras Shevchenko National University of Kyiv, Kiev, Ukraine
" Institut de Biologie Structurale, Grenoble, France
8 Research Center Juelich, Juelich, Germany

The visual pigment rhodopsin is a prototypical member of a large G-protein-coupled receptor
(GPCR) family, which plays a key role in all regulatory processes of living organisms [1]. Like
many other membrane receptors, GPCRs are known to form dimers and high-order oligomers in
membranes. However, the supramolecular organization of rhodopsin in photoreceptor membranes is
discussed. Atomic force microscopy images of the native rod outer segment disk membranes
showing the rows of rhodopsin dimers provide a striking demonstration of their possible
supramolecular organization [2]. At the same time there are a number of works, which present the
evidence of a rhodopsin monomeric state in the photoreceptor membranes [3, 4].

We have investigated the rhodopsin supramolecular organization in the photoreceptor
membranes in the solution by small angle neutron scattering method (SANS). SANS experiments
were performed with the various parts of heavy water in the solution (contrast variation method) to
obtain the information about the lipid and the protein components separately (Fig 1). It was shown
that the packing density of the rhodopsin molecules in the photoreceptor membrane is unusually
high. The distance between the centers of the molecules is approximately 56 A. The probability of
the monomeric state of rhodopsin molecules in the photoreceptor membrane, according to our data,
is rather high.

Ivankov O.I., Murugova T.N., Kuklin A.I. and Gordeliy V.I. are greatly acknowledging the
“STop100” program.
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A 100% D20 B 42% D20

100 4

0.14

C 12% D20 D

Fig 1. Small-angle neutron scattering curves for the photoreceptor membranes suspension with the
various parts of heavy water in the solution: A — 100% D20, B — 42% D20, C —12% D20. D —a
spherical shell model for the photoreceptor membranes in a buffer solution. Each curve is
approximated by a spherical shell model (solid line).
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Kuklin, A.L, et al. Neutron News, 2005. 16: p. 16-18.
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OPAKTAJIBHAS OPTAHU3AIIUA XPOMATHUHA ALEP OYKAPUOT 110 JAHHBIM
MYPH: OBIIIME ITPUHIIUIIbBI

J1.B. Jle6enes!, M.M. ®unaros', A.YO. Kones!, P.A. [Tantuna', H.B. Bensxona',
E.IO. Bapponomeena', B. ITunuy’, A.B. Onydpues?, B.B. Vcaep-Mpanos'

\@IBY  «llemepbypeckuii  uncmumym soepuou @usuku um. B.II.  Koncmanwmunoea» HHUI]
«Kypuamoscxuii uncmumym», 188300, Oprosa powa, 'amuuna, Poccus

2Departments of Computer Science and Physics, Virginia Tech 2050 Torgersen Hall (0106),
Blacksburg, Virginia 24061, USA

3Juelich Centre for Neutron Science, Outstation at FRM I, LichtenbergstraRe 1, Garching 85747,
Germany

Onna u3 moaeneit yrnakosku JJHK B xpomaTune nHTepa3HbIX saep KJIETOK BBICIIMX, KOTOpas
IUCKYTUPYETCS B MOCJEIHUE TOJbI, MpeanoiaraeT (ppakTaJbHyl0 OpraHU3alMi0 HaJHYKICOCOMHON
CTPYKTYpHbI ABOIHOM criupanu. [IpuMeHenne MeTo10B KOH()OKaTbHOW MHUKPOCKOITUH, MAJIOYTIOBOTO
HeUTpoHHOTO paccessHuss U TexHWkH Hi-C, Mo3BoiseT chaenath MPEarnoliokKeHHe O TOM, YTO
(bpakTanbHas opraHuzalys XpoMaTHHa UMEET, M0 KpalHell Mepe, NBa peKMMa YIMaKOBKH, KOTOPHIE
OTJIINYAIOTCSI pAa3MEPHOCTHIO.

B »10it paboTe mpuBeneHB 3KCIEPUMEHTAIbHBIE AaHHBIE MOdy4YeHHble MeTogoM MYPH nHa
KJIETOYHBIX sAapax sputrpouutoB Kyp (Hen), xoTopsie Haxonsarcs B ¢asze GO kieToyHOro mukia,
anpax kierok aumgouutoB kpbic (Ratl), xapunHomsl meiiku matku venoBeka (Hela), rimomsr
kpbicel (RatC6) u sm6pronoB npo3oduisl (DE), koTopeie HaxoasaTes B ¢aze G1 KIETOYHOTO IUKIIA.
Bo Bcex uccnenoBaHHBIX fApax IMOCTE MX BBIACIEHUS XPOMATHUH ObLI (PUKCHPOBAH TIIIOTAPOBBIM
aJbJAETUIOM.

[IpencraBnsieMble SKCIIEPUMEHTANIbHBIE JaHHBIC, IOJIYYEHHbIE Ha pPa3IUYHbIX YCTaHOBKAxX
MYPH (IBR-2 [dy6Ha, Poccus; D11 I'peno6nb, @panmus; KWS2 u KWS3 Mrouxen, ['epmanust)
€CTh pe3yJbTaT MHOIOJETHUX H3MEpeHUil. MaKkCHUMallbHbII AMana3oH pacCesiHHbIX BEKTOPOB, B
KOTOPOM TIOJTy4eHbl KpHBBIe paccesiHus, coctaBun Q = 0.00029 — 0.25A°!, uro coorsercTByeT
JMara30Hy JTMHEWHBIX pa3MepoB paccemBaTess | = 2.5HM — 2.17MKM U TIEpEeKphIBAET MPAKTHYECKU
BCIO MEPAPXMIO CTPYKTYP XPOMOCOM XpoMaTHhHa. M3MepeHus: KpUBBIX pacCcesiHUs IPOBOAUIOCH ITPU
nByX 3HaueHusAx copepxkanus D20 B H20 - 99% u 40%. Kpusbie paccesinus, nonydenssie npu 40%
D20, xapakTepu3yroT CTPyKTYpY HYKJICHHOBOW KOMIOHEHThI XxpomatuHa (DNA+RNA).

Jlns Bcex uccrneayeMbiX siaep (opma STUX KpPUBBIX HMEET OOIIyI0 KaueCTBEHHYIO 4YepTy:
KpHUBBIE, B KoopauHatax log-log, uMeroT nBa JIMHEHHBIX ydacTKa M TOUKY MX KpoccoBepa. Takyio
¢bopmy kpuBoii paccestuus B Mmetoe MYPH umerot pakranbHbie CTPYKTYpBI.

KonnuecTBeHHO aHanM3 KPHUBBIX IOKA3aJl, YTO HAKJIOHBl JMHEMHBIX YYaCTKOB KpHUBBIX
paccesiHuS cripaBa OT TOYKH KpoccoBepa (OObIINe yriabl) OJM3KH 10 CBOMM 3HAYCHHUSAM IS SIIEP
Hen, RatL, HeLa u RatC6 wu cpennee 3HaueHHE 3TOi BeNMUYUHBI cOCTaBIseT Dm = 2.4+£0.1 u D =
2.25+0.1 npu peructpaunu B 99% u 40% D20 coorBercTBeHHO. (Ci€Ba OT TOYKH KPOCCOBEpPA
(Mample yriipl) HAKJIOHBI KpHUBBIX paccesHust siaep Hen, Ratl, HelLa, RatC6 wu DE cocraBuimm
BEJTMYUHBI > 3, 4YTO COOTBETCTBYET CTPYKTypaM MOBepXHOCTHOro (ppakrana. [Ipm sTom 3HaueHus
BEJIMYMUHBI pa3MEpHOCTH cocTaBisAlOT Ds = 2.5+£0.3 wu Ds = 2.3+0.3 B 99% u 40% D20
COOTBETCTBEHHO
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Touku KpoccoBepa TMHEHHBIX YYACTKOB:

Quen=0. 002241 (300+70nm), Qrac.= 0. 0025A- 1(260+20nm), Qratce=0. 0035A1 (180+20nm),
QueLa=0. 00541 (130+30nm), u DE Qpg=0. 01241 (52nm) B 40% D:20.

Taxum oOpaszom, u3 npuBeneHHbIX qaHHBIX MYPH crnenyer:

YnakoBka XpOMaTHHA HCCIIEAOBAHHBIX WHTEP(A3HBIX SAIep BBICIIMX HE3aBUCUMO OT (a3bl
KJIETOYHOTO JIEJIEHUsI U CTENEeHH Nposn(epaTUBHOCTH KOHCEPBATHBHA W B HAJHYKJIEOCOMHBIX
MOPSIIKAX YIMaKOBKH MPEACTABISIET COO00M (GpakTalbHYIO CTPYKTYpYy, KOoTopas U3 Macc-(hpakraia B
0ojee HM3KUX TOPSAKAX YMAKOBKH MEPEXOIUT B CTPYKTYypy HMOBEpXHOCTHOro ¢pakTayia B Ooisee
BBICOKMX TMOpSIKax YMakoBKH xpomaTuHa. [Ipum 3TOoM pasmepHOCTH (PpakTaibHBIX CTPYKTYp MO
CBOMM BelWYMHAM Taike Onu3kd. CylIecTBEHHbIE OTIMYMsA HaOMIONaloTCd B BEIWYMHAX
OIPENIENIAIONMX TOYKY KpOCCOoBepa IBYX (PpaKTaJbHBIX PEXKHUMOB. Y s1ep, BBLACICHHBIX W3
nponrdepupyonmx KIeTOK, ToYka KpOCCOBEpa CABMHYTA BIPABO HA KPUBOI paccesHus, TO €CTh B
CTOPOHY MEHBIINX JTMHEWHBIX pa3MepoB. J[pyruMu cioBaMH B JCJSIIUXCSA KIETKax 00IacTh mMacc-
(bpakTaabHOI CTPYKTYpBI UMEET MEHBIINE JTMHEHHBIC pa3MepHhI.
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REAL-TIME NEUTRON DIFFRACTION FROM LIPID MEMBRANES

T. Kondela!, S.G. Sheverev?, A.I. Beskrovnyi?, N. Kugerka'-

! Faculty of Pharmacy, Comenius University, 832 32, Bratislava Slovakia
2 Joint Institute for Nuclear Research, 141980, Dubna, Russia

E-mail: kondela@fpharm.uniba.sk

We have studied structural changes in lipid membranes as a function of hydration and isotopic
exchange of D20 for H20. The data were collected at the DN-2 time-of-flight diffractometer at the
IBR-2 pulsed reactor (Joint Institute for Nuclear research, Dubna, Russia) utilizing 2D position
sensitive detector. The combination of time-of-flight scattering mode and 2D detector allowed for a
recent upgrade of this diffractometer into a real-time-diffraction (RTD) instrument. The standard
measurement now covers a large range of scattering data even in short exposure times. Our
experimental setup for example, provided for at least 4 simultaneously measured diffraction peaks,
analysis of which resulted into lipid bilayer structural parameters. RTD measurements then allowed
us to trace the evolution of lipid bilayer profiles during the hydration and dehydration processes.
Additional hydration kinetics was studied utilizing the isotopic exchange of D20 for H20 in the case
of fully hydrated multilayer membranes aligned on a silicon substrate.

Acknowledgement: This work was supported by Dubna JINR 04-4-1121-2015/2017 project.
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USER POLICY

FLNP JINR USER PROGRAMME

Chudoba D.M., Gorshkova Yu.E., Zinicovscaia I.
Joint Institute for Nuclear Research, Dubna, Russia

E-mail: Scientific_Secretary@nfjinr.ru

Since 2012, the IBR high flux pulsed reactor (Dubna, Russia) [1] renewed regular operation at
nominal power for scientific research. Neutron scattering investigations at IBR-2 reactor cover an
extensive field of research in condensed matter physics, materials science, chemistry, biophysical,
geophysical and engineering sciences (Fig.1).

The IBR-2 reactor is operated according to the User Policy Programme[2]. Calls for proposals
are issued twice a year. The proposals are peer-reviewed and rated and beam time for experiments is
allocated on the basis of the reviews by Expert Committees. At present, 200 experiments per year are
performed by scientists from more than 20 countries (Fig.1) at IBR-2 instruments in the framework

of the User Programme.
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Fig.1. Proposal distribution by science (left) and by applicant’s affiliation (right) in 2014. Data
are adopted from IBR-2 User Club site [2].

We would like to discuss a present state and plan of development of a User Programme at
Frank Laboratory of Neutron Physics, JINR.

[1] http://finp.jinr.ru/34/ - IBR-2 Pulsed Reactor
[2] http://ibr-2 jinr.ru/ - IBR-2 User Club
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PARTICULARITIES OF NANO2 PHASE STATE IN THE FERROELECTRIC
COMPOSITE 0,9NaNO,+0,1BaTiO;

O. Alekseeva', A. Naberezhnov'?, E. Stukova?®, S. Borisov?, V. Simkin*

! Peter the Great St.-Petersburg Polytechnic University, 195251, St.-Petersburg, Polytechnicheskaya
29, Russia

2 |offe Institute, 194021, St.-Petersburg, Polytechnicheskaya 26, Russia

3 Amur State University, 675027, Amur region, Blagoveshchensk, Ignatevskoe road, 21, Russia.

4 JINR, 141980, Dubna, Joliot-Curie 6, Moscow region, Russia

The results of studies of BaTiO3 admixture effect on temperature range, where NaNO2
incommensurate phase exists, in the (1-x)NaNO2+(x)BaTiO3 composite at x=0,1 are reported.

Previous dielectric spectroscopy measurements of (1-x)NaNO2+(x)BaTiO3 with different
BaTiO3 particles concentration and size [1] have shown that dielectric permittivity temperature
dependences of these composites have two maxima. One of them is observed at 437 K corresponding
to the phase transition in NaNO2, the other is observed at T=420 K and its maximum value differs
significantly on heating or cooling. It has been supposed that this maximum is attributed to the
incommensurate-ferroelectric phase transition in NaNO2. Thus temperature range where NaNO2
incommensurate phase exists significantly broadens in (1-x)NaNO2+(x)BaTiO3 composites (<18 K)
in comparison with the pure NaNO2 (=1 K). We have performed the temperature evolution studies of
0,9NaNO2+0,1BaTiO3 composite structure by neutron diffraction using the high resolution Fourie-
diffractometer in JINR(Dubna).

It has been established that the dielectric response anomaly at 420 K isn't caused by phase
transition in BaTiO3 particles. The temperature dependences of NaNO2 order parameter in the
composite and the pure NaNO2 have been obtained. It has been found that BaTiO3 admixture leads
to decrease of the order parameter in the composite in comparison with pure NaNO2 in the
temperature range of ~360-433 K. This fact permits us to suppose that the incommensurate and
ferroelectric phases coexist in this temperature range. From the obtained order parameter temperature
dependences the fraction of incommensurate phase has been evaluated at different temperatures. The
dielectric anomaly at T=420 K has been revealed to relate with the maximal fraction of the NaNO2
incommensurate phase in the composite 0,9NaNO2+0,1BaTiOs.

[1] Stukova E.V., Koroleva E.Yu., Truchan T.A., Baryshnikov S.V. Changing of incommensurate phase existence region
in ferroelectric composite (1-x)NaNO,+(x)BaTiOs. St. Petersburg State Polytechnical University Journal. Physics and
Mathematics. Issue 2(146), 2012, p.23
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NANOSTRUCTURED MANGANITES: NEUTRON DIFFRACTION STUDIES AT HIGH
PRESSURE AND LOW TEMPERATURE

N.M. Belozerova', S.E. Kichanov', E.V. Lukin !, D.P. Kozlenko!, Z. Jirak?, B.N. Savenko'

'Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna,
Moscow Region, Russia
2Institute of Physics, AS CR, Cukrovarnicka 10, 162 00 Praha 6, Czech Republic

E-mail: NMBelozerova@mail.ru

Apart from potential application, the complex manganites are attractive for great number of
scientific research. The knowledge of relationship between magnetic and crystal structure of
nanostructured manganites La1xSrxMnQOs3, which can be obtained from high-pressure investigations,
is very essential for understanding the nature and mechanism of physical phenomena observed in
these nanostructured compounds.

Also recently it has been discovered that nanostructured manganites LaixSrxMnO3 (near x ~
0.33) have a rhombohedral structure both in the corresponding bulk samples. However, the magnetic
state of these compounds, in contrast to powder samples that exhibit ferromagnetic metallic state,
characterized by coexistence of ferromagnetic (FM) and antiferromagnetic (AFM) phase A-type.

The crystal and magnetic structure of nanostructured manganites LaixSrxMnO3; with doping
level x= 0,28 u 0,37 has been studied by means of a neutron diffraction method on diffractometer
DN-6 of IBR-2 high-flux pulsed reactor (Frank Laboratory of Neutron Physics, JINR, Dubna) using
high pressure chambers with sapphire anvils under pressure up to 5,7 GPa.

In both samples the FM ordering is formed close the room temperature and at cooling below
T<270 K the ferromagnetic FM phase coexists with an A-type antiferromagnetic AFM phase. At
high pressures the volume fraction of AFM phase increases while FM is gradually suppressed. The
structural aspects of the magnetic phase separation and pressure effects on the studied nanostructured
manganites are discussed.

Pressure dependences of unit cell parameters and volume, magnetic moments of ferromagnetic
(FM) phase and antiferromagnetic (AFM) phase, Curie and Neel temperature were calculated.

The work was supported by the RFBR grant No. 15-32-20358-mol-a-ved.
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INFLUENCE OF CHEMICAL COMPOSITIONS AND THERMAL TREATMENTS ON
THE STRUCTURE AND MECHNICAL PROPERTIES OF ZIRCONIA BASED THERMAL
COATINGS

M. L. Craus"?, V. Turchenko?, A. Savin', A. Doroshkevith'
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Present day TBCs generally consist of a yttria-stabilized zirconia (YSZ) coating deposited onto
an oxidation-resistant bond-coat alloy that is first applied to a nickel-based superalloy component. In
diesel engine applications where the temperatures are usually lower, the YSZ coating is generally
applied directly onto the alloy. Two main types of coating are in use. For relatively small
components such as blades and vanes in aerospace turbines, the coatings can be applied by electron-
beam physical vapour deposition (EB-PVD). For larger components such as the combustion
chambers and the blades and vanes of power generation, stationary turbines, the coatings are usually
applied by plasma-spraying (PS). In many respects, the choice of materials and their production
represent a mature materials technology. While improvements in their capabilities continue, there is
a growing realization that new TBC systems will be required for the next generation turbines
presently being designed.

The hydrothermal synthesis of doped ZrO2 powders was conducted starting from ZrOCl2.sH20
(0.5M) aqueous solutions. Yttrium was added as nitrate salt in order to prepare the doped samples.
Both solutions were neutralized with NaOH. The suspensions were then treated in a Teflon-lined
vessel at a maximum pressure of 25 atm, at 300°C. The reaction vessel was connected to a pressure
transducer that monitors and controls the pressure during synthesis. Our aim is to obtain better
mechanical properties of the coatings using various chemical ompositions and thermal treatments.

Specimens were manufactured from 316 stainless steel. Conventional NiFe + ZrO>-8
wt.% Y203 thermal barrier coatings were deposited by atmospheric spraying at Frank Laboratory for
Neutron Physics, JINR, Dubna, Russia. Before spraying, all specimens were processed with
sandpaper. This operation, which is employed to achieve a better mechanical interlocking with the
bond coat, induced a compressive residual stresses in the substrate and caused a surface roughening.
The average thickness of the bond coat and the top coat was approximately 210 um and 190 um
respectively, with the local thickness varying on the order of tens microns. Several of coated
specimens were isothermally oxidized in air at 1050 °C for 200 h in a furnace and cooled to ambient
air temperature after the removal from the furnace. The microstructure was observed using an optical
microscope EQ-MMS500T-USB. The substrate was typical of a cast nickel-base stainless steel. We
used intermediate thermal treatmentsto decrease the concentrations of defects. A partial oxidation of
metallic NiFe powder takes place due to thermal treatment, accompanied by a change in the
concentration of defects and phase composition. The structural modification of the TBC with thermal
treatment was investigated by x-ray diffraction. The microhardness values were obtained using a
PMT II microhardness tester. It is proposed the use of an electromagnetic method for evaluation of
zirconia doped with yttria coating on some stainless steels using a new sensor and comparison of the
results with those obtained by complementary methods. The electrical conductivity of ZrO2 layer
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structure with and without stabilizers deposited on austenitic steels (AISI 316L) is significant
decreasing at the appearance of the fatigue phenomenon, in the stage of pre-cracking. After this
stage, when fatigue cracks appear, the electrical resistance of structure increase due their presence.

Summary

We investigated the structural modification of the TBC induced by thermal treatment, using X-
ray diffraction and measuring some mechanical properties of the samples (microhardness). An
electromagnetic method for evaluation of zirconia doped with yttria coating on some stainless steels
was applied using a new sensor. It was observed a decrease of the electrical conductivity of ZrO2
layer structure at the appearance of the fatigue phenomenon.

NANOCRYSTALLINE STABILIZED ZIRCONIA

A. Savin', M. L. Craus" 2, V. Turchenko?, A. Bruma?®, T. Konstantinova*

! National Institute for Research and Development for Technical Physics, lasi, Romania
2 Joint Institute for Nuclear Research

3 University of Texas at San Antonio, One UTSA Circle, San Antonio, Texas, 78249, USA
4 Donetsk Institute of Physics and Technology named after O.0.Galkin, Donetsk, Ukraine

E-mail: mihailliviu@yahoo.com

Recent developments in advanced dental materials,solid-oxide fuel-cell design to oxygen
detection, nuclear waste confinement, optics, medical prosthesis , and catalytic technologies have
drawn attention towards the remarkable structural properties of zirconia (ZrOz) - based ceramics. In
all the current technological applications, ZrOz-based ceramics are preferred due to their advanced
mechanical properties such as high-fracture toughness and bulk modulus, corrosion resistance,
chemical inertness, low chemical conductivity and biocompatibility. It is well known that three
polymorphic forms of pure ZrO2 can be found: the monoclinic state, P21/c, stable at temperatures
below 11700C, the tetragonal phase, P42/nmc stable in the temperature range between 1170-23700C
and the cubic, Fm-3m phase, appearing at a temperature above 23700C . The remarkable mechanical
properties of these ceramics, already exploited in a variety of applications are mainly due to the
tetragonal (t) monoclinic (m) phase transition which takes place at normal temperatures and can be
induced by external stress, such as grinding, cooling or impact. The main method used for the
stabilization of the ZrO: tetragonal phase is the introduction of stabilization components in the
zirconia lattice, such as Mg, Ce, Fe, Y, etc. At nanoscale level, the metastable phase formation in
ZrO2 can be induced by including in the oxide structure some vacancy defects.11 Although, the
stabilization effect of the oxygen vacancies in tetragonal ZrO: is not yet well understood, the
concentration of oxygen vacancies in the lattice required to stabilize the tetragonal phase is found in
phases like ZrO1.97 and ZrO1.9s for tetragonal zirconia doped by rare-earth elements, mainly Cerium
(Ce) and Yttrium (Y).

We explored the influence of phase stability of ZrO: ceramics following the doping with Ce.
The structure of these ceramics and the phase stabilization were investigated by using X-ray and
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neutron diffraction, scanning electron microscopy (SEM), as well as microstructure characterization
methods using micro-hardness measurements. Moreover, we employed Resonant Ultrasound
Spectroscopy (RUS) as a non-destructive evaluation method in order to estimate the presence of low-
density regions, state of sintering and the presence and development of small cracks in the structure,
by evaluating the complete elasticity matrix. We put in evidence the properties of zirconium-based
ceramics for applications in the biomedical field, such as ceramic femoral heads used in hip implant
procedures, which are very resistant to scratches resulting from debris caused by accumulation of
bone parts, cement or metal that occasionally fall between artificial joint surfaces, but are extremely
fragile.

Summary

The substitution of the Zr with Ce in ZrixCexOz2 leads to a change of the phase composition, a
transition from the monoclinic to tetragonal structure. The sample corresponding to x=0.09 contains
two phases, a monoclinic phase and a tetragonal phase, while the samples with larger Ce
concentration contain only a tetragonal phase.The unit cell volume of the tetragonal phase increases
with the increase of Ce concentration, for the inner part of the samples. An unknown phase appears
at the surface of the samples in connection with a change of chemical composition of the tetragonal
phase. A maximum of the average size of coherent blocks and of the microstrain appear for
tetragonal phase at x=0.13. From the variation of unit cell volume of surface layer we conclude that a
decrease of the Ce concentration takes place with the increase of the nominal Ce concentration in the
samples.

The resonant ultrasound spectroscopy can be used for quality control of certain ceramic
elements of hip prosthesis, such as femoral heads. If the element are incorrectly sinterized, with a
density smaller than the prescribed value and the elastic and shear moduli smaller, important
modifications appears in the shape of the spectrum and the resonance frequencies.
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Among known ferroelectric materials, BaTiOs, which has the paraelectric-ferroelectric
transition at about 393 K with a very large electric polarization, is the most widely used ferroelectric
material. The doping of magnetic transition-metal ions into a ferroelectric material can carry out the
fabrication of multiferroic materials. Here, the structural and electrical properties of BaTiixFexO3
have been reported.

Polycrystalline BaTiixFexO3 ceramics with x values varied in a range of x = 0 - 0.12 were
synthesized by conventional solid-state reaction. The crystal structures of these samples have been
studied by mean of a neutron diffraction. In iron concentration range of x < 0.01 the compounds has
a tetragonal structure with space group P4mm, where the ferroelectric state is exist. With further
increase of the Fe content the appearance of the new non-polar hexagonal P63/mmc phase was
observed and above doping level x~0.07 the pure hexagonal phase was exist. The dependence of the
electric polarization Ps of the tetragonal phase in Fe-doping level was established. In addition, the
tetragonal - cubic phase transition have been observed at temperature Tc = 390 K in the
BaTio9Feo.103 sample.

The work has been supported by the RFBR grant Ne 15-52-54008 viet a and the Vietnam
National Foundation for Science and Technology Development (NAFOSTED) under grant number
103.02-2014.11. This work has been jointly supported by Vietnam Academy of Science and
Technology and Russian Academy under project VAST.HTQT.NGA.01/15-16.
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According to European Renewable Energy Council RE -thinking 2050 report renewable energy
should cover 20% of European energy needs in 2020 and 100% in 2050. To achieve this goal
development of new efficient alternative energy sources is of key importance.

It was found that exothermic chemical reaction on the semiconductor structure surface lead to
the excitons generation. This effect is similar to the photovoltaic mechanism of charge carriers
generation was named ‘“chemovoltaic” [1]. However, established effect not found practical
application due to the the small yield of free charge carriers.

The goal of this work - to increase the effectiveness of chemovoltaic convertor using as a
heterojunction a three-dimensional structure with high chemical surface activity.

Atmospheric humidity was used as the adsorbate whereas the wide band gap ZrO:> — based
dielectric nanoparticle as the adsorbent, and carbon electrodes - as the charge carrier’s collector. The
test device with specific surface area of heterojunction Sper = 128 m?%/g at the electrical load of 1
MOhm was produced over 20mkW/m? power density at relative humidity of 90%. According to the
results of impedance spectroscopy, voltammetry and thermogravimetry empirical model of observed
chemovoltaic effect was developed.

Acknowledgement. This work was supported by project Marie Sktodowska-Curie Actions
«HORIZON-2020» Research and Innovation Staff Exchange (Call: H2020-MSCA-RISE-2015).

The results, are shows higher efficiency of used system comparing to known analogues and
indirectly demonstrate the possibility of a new renewable energy source creation.

[1]. V.V. Styrov, A.Y. Kabanskii Yu.l. Tyurin // Soviet Technical Physics Letters. 1979, 5, P.343.
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STRUCTURAL, MAGNETIC AND VIBRATIONAL PROPERTIES OF MULTIFERROIC
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N.O. Golosova!, D.P. Kozlenko!, S.E. Kichanov!, E.V. Lukin', B.N. Savenko', S.G. Jabarov?,
R.Z. Mehdiyeva?®, A.I. Mammadov?

'Frank Laboratory of Neutron Physics, JINR, 141980 Dubna, Russia
2Institute of Physics, ANAS, 4Z-1143, Baku, Azerbaijan

The structural, magnetic and vibrational properties of multiferroic material GaFeO3 (space
group Pc21n) have been studied by means of x-ray (at ambient temperature and pressure up to 30.5
GPa), neutron (at temperature range 10-290 K and pressure up to 6.2 GPa) diffraction and Raman (at
ambient temperature and pressure up to 41.8 GPa) spectroscopy.

Pressure dependences of the structural parameters were obtained. The compressibility of
GaFeO3 was found to be anisotropic. The bulk modulus BO = -V(dP/dV)T of GaFeO3 was
202.8(2.5) GPa. Antisite disorder between Ga2 and Fe2 positions was found and as a consequence
the magnetic ground state was characterized by the ferrimagnetic arrangement of the magnetic
moment of Fe ions. Upon compression up to 6.2 GPa the Néel temperature increased with a pressure
coefficient (1/TN)dTN/dP = 0.011(1) GPa-1. It indicates the stability of the ground ferrimagnetic
state under pressure.

At P ~ 21.3 GPa a new structure of orthorhombic perovskite (space group Pbnm) was formed,
which accompanied by the volume drop of -7.0%. The complete formation of the Pbnm - phase
occurs at 41.8 GPa. It can be assumed from the dramatical changes of the Raman spectrum. Pressure
dependences of the observed Raman modes were found. The hardening of phonons was found as
pressure increased. It corresponds to strengthening of the spin-phonon coupling upon compression.
Pressure dependencies of peak widths for selected Raman modes showed abrupt broadening at P =
21 GPa. The coefficients of broadening jumps were close to 2. Such effect may correspond to a new
equilibrium position of the GaO4-tetrahedra or FeO6-octahedra in GaFeO3 at pressure of the
structural phase transformation.

The work has been supported by RFBR grant 15-02-03248-a.
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Reproducible behavior of drug formulations may depend critically on the precise solid form of
the drug employed, and the isolation and thorough characterization of the wvarious forms
(polymorphs, solvates, complexes) of a given drug are recognized as essential practice in the
pharmaceutical industry. The present study relates to the polymorphism of the fluconazole
Ci3H12F2NeO.

The crystal structure and vibrational spectra of the fluconazole have been studied by means of
X-ray diffraction and Raman spectroscopy at pressures up to 2.5 and 5.5 GPa and in the temperature
range from 27 to 150C and 27C, respectively. At a pressure of 0.8 GPa the polymorphic phase
transitions between the initial Form I to a new triclinic Form VIII have been observed. At higher
pressure P=3.2 GPa the sequence transformation into another polymorphic Form IX have been
observed. The lattice parameters, unit cell volumes and vibration modes as functions of pressure
have been obtained for the different Forms of the fluconazole. At a pressure of 0.8 GPa the
polymorphic phase transitions between the initial Form I to a new triclinic Form VIII have been
observed. At higher pressure P=3.2 GPa the sequence transformation into another polymorphic Form
IX have been observed. Prior to the melting of fluconazole Form I a transition into a glassy state was
found, which is subsequently transformed to a stable polymorphic Form II on heating after
cooling.The lattice parameters, unit cell volumes and vibration modes as functions of pressure have
been obtained for the different Forms of the fluconazole.

The work has been financed by RFBR Grant N 14-02-00353-a
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DEFECT FORMATION ENERGY FOR CHARGE STATES IN TLINS:
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In this work, we aimed to examine the formation energy TlInS2 semiconductors with supercells
of 64 and 128 atoms for the various charge states for the Tl vacancy, In vacancy, S vacancy. The
calculations are performed within the spin- polarized DFT [1] and the LSDA [2] on double zeta
polarized (DZP) basis. Relative stability of defects are determined by their defect formation energy,
which is primarily depends on the electronic structure and charge states of the defects. Kinetic
properties of defects, such as the mechanism of diffusion and migration energy are strongly depends
on the charge states. In addition, chemical reactions involving bond formation and dissociation can
also be explained in terms of the defect formation energy, provided that the calculations should be
sufficiently accurate. Systematic calculations of the defect formation energy [3-5] given by (1) :

Ef(@) =Ea(q) - N pu+q (Ev+pe) (1)

where Eqd () is the total energy of defect -containing system consisting of N atoms, with atomic
chemical potential Y. The reservoir of the electrons is described by their chemical potential e, which
is measured relative to the valence band maximum Ev. To calculate the DFE we calculated firstly the
energy Ed (Q) using first-principles density functional theory, which is widely used for this purpose.
Another important physical parameter for the calculation of the defec formation energy is the
position of the valence band maximum of (VBM) Ev, which corresponds to the reference energy
level for the electron chemical potential. The position of the VBM of the defect-containing supercell
is different from that of the defect-free bulk supercell, and the magnitude of this difference depends
on the charge state. We used suggestion - the lowest energy level to align the VBM of a defect [6].
We have studied the dependence of defect formation energies on supercell size for charged vacancy
as a function of the Fermi energy in TlInSa.

The calculated transition energy levels for Vs are (-2/0) =1.5 eV, (-1/0) =1.5 eV. Transition
energy levels for Vi is (-2/-1)=1.25eV , and for Vriis (-2/-1)=1.5eV .

i . . 3 42 1 it 42
+1 - '] s +1 T— = = o & +1

Formation energy eV

Fermi energy eV
Fig.1 Dependence of DFE Vi , Vin, Vson charge states as a function of the Fermi energy for TlInS2 consisting of 63 atoms.

[1] P.Hohenberg, W. Khon. Inhomogeneous electron gas. Phys. Rev. B 136 B864 —B871. (1964)

[2] KarasievV., Sjostrom T., Dufty J. And Trickey S. Chemical physics, (2014)

[3] Shim J., Lee EK., Lee Y. J., Nieminen R. M., Density-functional calculations of defect formation energies using
supercell methods: Defects in diamond. Physical Rev. B 71, 0352061-12(2005).

[4] Jakubas P., Theory of generation of Frenkel pairs in semiconductors: consequences for electric, magnetic, and
structural properties. Ph.D, Dissertation, 119 (2009).

[5] Zunger A., Zhang S.B., Wei S.H., Revisiting the defect physics in CulnSe2 and CuGaSe2, Proceeding of:
Photovoltaic Specialists Conference, Conference Record of the Twenty-Sixth IEEE, 1-6 (1997).

[6] M.A. Mehrabova, H.R. Nuriyev, H.S. Orujov ,and Defect formation energy for charge states and electrophysical
properties of CdMnTe Vo0l.9450 (2015).
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Multiferroic compounds exhibiting the coexistence of magnetic and ferroelectric orders have
attracted attention due not only the fundamental importance but also the potential prospects of their
practical applications [1]. However, multiferroics with a large polarization and ferromagnetism
coexisting close to room temperature have not been identified so far. The doping of magnetic
transition-metal ions to a ferroelectric material can carry out the fabrication of these multiferroics.
Among known ferroelectric materials, BaTiO3, which has the ferroelectric — paraelectric transition at
about 393 K with a very large electric polarization, is the most widely used ferroelectric material.

It was shown that the Fe doping into BaTiO3 strongly affects their physical properties,
including structural and magnetic. With increasing Fe doping concentration the structural
transformation between the ferroelectric tetragonal P4mm and the non-ferroelectric hexagonal
P63/mmc takes place at a threshold Fe doping level of 0.01 [2].

In this study we report the study of crystal structure of polycrystalline BaTi0.99Fe0.0103
under pressure up to 36 GPa by using neutron, x-ray diffraction and Raman spectroscopy. The
neutron diffraction data show the evidence of the tetragonal — cubic phase transition in this
compound at temperature Tc = 390 K, which is similar to that of undoped BaTiO3. Under
compression the tetragonal — cubic phase transition also occurs at 18 GPa in BaTi0.99Fe0.0103,
which is significantly higher than that of 2.3 GPa for undoped BaTiO3. The structural transition is
accompanied by anomalies in pressure behavior of Raman modes.

The work has been supported by the Vietnam National Foundation for Science and Technology
Development (NAFOSTED) under grant number 103.02-2014.11 and the RFBR grant Ne 15-52-
54008 viet a. This work has been jointly supported by Vietnam Academy of Science and
Technology and Russian Academy under project VAST.HTQT.NGA.01/15-16.

[1] Prinz G. A. J. Magn. Magn. Mater. 200, 57-68 (1999).
[2] Dang N. V. et al. J. App. Phys. 110, 043914 (2011).
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The multiferroic materials, exhibiting simultaneously ferroelectric and magnetic orders,
recently have become a subject of extensive scientific research. The RMn205 compounds are of
particular interest since they demonstrate a colossal magnetoelectric effects and complex sequence of
magnetic phase transformations, tuning the ferroelectric polarization features. The nature of the
magnetoelectric coupling in RMn205 compounds, arising from the complex interplay of magnetic
frustration, spin, lattice and orbital degrees of freedom, is still extensively debated. An important
insight into the relationship between the competing factors above and their particular role in
formation of magnetoelectric properties of RMn205 compounds can be given by high pressure
studies.

The structural, magnetic and vibrational properties of YMn205 multiferroic have been studied
by means of X-ray, neutron powder diffraction and Raman spectroscopy at pressures up to 30 GPa.
Application of high pressure P > 1 GPa leads to a gradual suppression of the commensurate and
incommensurate antiferromagnetic (AFM) phases with a propagation vector q = (1/2, 0, qz ~ 1/4)
and appearance of the commensurate AFM phase with q = (1/2, 0, 1/2). At P ~ 16 GP a structural
phase transformation accompanied by anomalies in lattice compression and pressure behaviour of
vibrational modes was observed. The observed pressure-induced magnetic transformations in
YMn205 provides clear evidence that qz component of the propagation vector is controlled by a
balance of competing Mn4+ - Mn4+ magnetic interactions in octahedral chains and Mn4+ - O2-
Mn3+ interactions linking Mn4+O6 octahedra and Mn3+05 pyramids.

The work has been supported by the RFBR grant 15-02-03248-a.
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THE EFFECT OF THERMAL ANNEALING PROCESSES ON STRUCTURAL
PROPERTIES OF ZN NANOTUBES

A. Kozlovsky', D. Shlimas', K. Kadyrzhanov!, T. Meyrimova'; M. Zdorovets'*

L L.N. Gumilyov Eurasian National
2 Institute of Nuclear Physics

E-mail: artem&8sddt@mail.ru

In modern electronics for the development of devices and sensors, technical operations of
introducing impurities into the semiconductor material are widely used. Particular attention is paid
to the creation of ordered arrays of semiconductor nanostructures due to such materials have new
optical [1] and electrical [2,3] properties that are important for the creating of optoelectronic [4,5]
and thermoelectric [6] devices.

An important factor is the thermal annealing of the semiconductor material to change the
electronic states, recovery of the crystal structure and electrical activation of the introduced
impurities, although the latter is highly undesirable factor.

In this paper, the results of metallic Zn — nanotubes studies synthesized by electrochemical
deposition in the template are presented. As templates, track-etched membranes based on PET with a
density of 4.0E+07, thickness of 12 microns and a pore diameter of 380 nm were used. The structural
characteristics of the nanotubes were evaluated by the methods of SEM, EDX and XRD. The effect
of thermal annealing on the conductive properties of the nanostructures was carried out. According
to the EDX, XRD spectra and resistance-time of annealing diagram, two stages of the change in
resistance were observed.

The first stage showed the fall of the resistance before 60 minutes of annealing, at this stage,
the formation of zinc oxide (ZnO) phase was observed. The atomic ratio of the elements in this state
18 Zno10o.

The second stage showed the sharp increasing in resistance and falling of conductivity at the
annealing time from 75 to 150 minutes, at this stage, destruction of Zn - nanotubes associated with
the appearance of zinc dioxide phase (ZnO2) was occurred.

The formation of dioxide and oxide phase in the crystal structure increased the defect structure,
which led to sharp increasing of resistance of 15%, and partial destruction of the nanotubes.

Thus, thermal annealing of zinc-based nanotubes, allows us to control the formation of the
oxide phase in the nanostructures. The presence of the oxide phase ZnO not more than 10% (wt.)
leads to decreasing in resistance and increasing conductivity.

Changing the crystal structure of Zn - nanotubes by thermal annealing opens great opportunity
to produce the ordered arrays of n-type semiconductors, which can then be used in nanoelectronics
and optics.

[1] R. Asomoza, H. Malodonado, M. D. Olvera [et al.] // J. Mater. Sci. Mater. Electron. —2000. —V.11, Ne 5. —P. 383.
[2] Li Q.// J. Appl. Polym. Sci. —2006. —V.103, Ne3. —P.41.

[3] Wienke J.// Thin Solid Films. —2007. =V3.Ne 4 —P. 5-11.

[4] R. Al-Asmara, G. Ferblantier, F. Mailly [et al.]// Thin Solid Films. —2005. -V.473, Nel. —P. 49-53

[5]J.0. Williams, L.M. Turton // Trans. Faraday Soc.—1968.—V. 64.—P. 2496-2504.

[6] D.A. Drabold, S.K.Estreicher // Berlin: Springer-Verlag, 2007. —P. 295 .
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STUDY ON (1:1) CO-CRYSTAL OF BROMANILIC ACID AND 2,6-DIMETHYLPYRAZINE
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Organic electronic materials including semiconductors, dielectrics and conducting polymers
are emerging family of materials with applications similar to their inorganic counterparts, but of
much greater potential ease of integration with silicon and other inorganic matrices. One of the most
promising organic ferroelectric materials are two-component crystals formed by hydrogen donor and
acceptor molecules. The family of bromanilic and chloranilic acid complexes reveals very promising
properties which are extensively studied since last decade.

A combined structural, vibrational spectroscopy, and solid-state DFT study of the hydrogen-
bonded complex of bromanilic acid with 2,6-dimethylpyrazine will be reported. The crystallographic
structure was determined by means of low temperature single-crystal X-ray diffraction, which
reveals the molecular units in their native protonation states, forming one dimensional infinite nets of
moderate-strength O---H—N hydrogen bonds. The nature of the crystallographic forces, stabilizing
the studied structure, has been drawn by employing the noncovalent interactions analysis. It was
found that, in addition to the hydrogen bonding, the intermolecular forces are dominated by stacking
interactions and C—H:---O contacts. The thermal and calorimetric analysis was employed to probe
stability of the crystal phase. The structural analysis was further supported by a computationally
assisted 13C CP/MAS NMR study, providing a complete assignment of the recorded resonances. The
vibrational dynamics was explored by combining the optical (IR, Raman, TDs-THz) and inelastic
neutron scattering (INS) spectroscopy techniques with the state-of-the-art solid-state density
functional theory (DFT) computations. Despite the quasiharmonic approximation assumed
throughout the study, an excellent agreement between the theoretical and experimental data was
achieved over the entire spectral range, allowing for a deep and possibly thorough understanding of
the vibrational characteristics of the system. Particularly, the significant influence of the long-range
dipole coupling on the IR spectrum has been revealed. On the basis of a wealth of information
gathered, the recent implementation of a dispersion-corrected linear-response scheme has been
extensively examined.

This work has been published in:
K. Luczynska, K. Druzbicki, K. Lyczko, J. Cz. Dobrowolski, J. Phys. Chem. B. 2015, 119,6852—-6872

77



CTPYKTYPA CTABUWJIBHBIX I'M/IPU/IOB UMC CENI;

C.A.Jlymnukos, T.B. @ununmnosa, U.A. bobpukos

Xumuyeckuti pakyromem MI'Y um. M.B. Jlomonocosa
ObveouHenHblll UHCIMUMYm s0epHbIX ucciedosanuil, J{yona

Nurepmerammmueckue coenunenusi (MMC) cocraBa RT3 (R=P3M, T=Fe, Co, Ni) sBustorcs
MaTepualaMu s KOMIAKTHOIO W 0€30MacHOro XpaHEHUs BOAOpPOJA. DBONBIIMHCTBO TakMX
COCIMHEHHUH KPUCTAITU3YIOTCS B ABYX cTpyKTypHBIX Tunax PuNiz (ITII' R-3m, Mo 166) u CeNis (I
P6s/mmc, M 194). Crpykrypusbiid Tunn CeNis coctout u3 ¢parmenToB coctaBa RT2 (cTpyKTypHBIT
tun - MgZn2) u RTs (crpykrypusiii Tunm CaCus), KOTOpble MOCIOWHO  pacIoyIOKEHBI
NEPIIEHANKYISPHO KpUcTaiiorpadudeckoit ocu z. B kpucrammmaeckoit pemerke UMC HaxoauTbes
TPUHAANATH TUIIOB MYCTOT (ABEHAIIATh TETPAdAPHUECKUX M OJHA OKTAdJPUYECKas), B KOTOPHIC
BO3MOXKHO BHeApeHue Bojgopoaa [l1]. Dtum  mycrorel coorBerctByior 241, 12k, 4f, 4e
(TetpasapuueckuM) u 6h (okTasapuueckoit) KpucTaorpa@uyecKuM IMO3UIMSIM H 00pa3yroT

BOJIOPOAHBIC TToApemeTkH (puc. 1).
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B pabote [2] Ob10 00HapyxeHo, uTo B3aumoeicTBue Boaopoaa ¢ MMC CeNis mpuBoauT K
obpa3zoBanuio ruApuaHoi (as3sl cocraBa CeNisHso. Ha mocTtpoennoit n3zotepme abGcopObuuu
IpUCYTCTBYET IIIATO C paBHOBecHHIM aapienueM 0.09 Gap mpu Temmeparype 50°C. Huskoe
pPaBHOBECHOE JaBJICHHE YKAa3bIBACT Ha BBICOKYIO CTAOMIBHOCTH OOpa3OBaHHOM TMIAPUIHOHN (ha3bl.
[Ipu 0OBIYHBIX YCIIOBUSIX, HA BO3AYyXE U IPU KOMHATHON TeMmIepaType CHUHTE3MPOBAHHBIN 00pasell
ruapuaaoi (azel CeNizHs.o, HanpoTuB, oueHs HecTaOMIICH, AeCOPOUPYET BOJOPO.I U pasiiaraercs ¢
00pa30BaHMEM HCXOAHOTO MHTepMeTaluaa. lIpum mpoBeneHMM cHUHTE3a TUAPUAA IPU HU3ZKOH
TeMreparype oOpasyercs crabuibHas rufpuaHas (asza, KoTopas HE pa3jiaraercs Ha BO3JIyXe MpHU
KoMHaTHOW Temnepatype [3]. Takum o0pa3om, B 3aBUCHUMOCTH OT YCJIOBUIl CHHTE€3a MOKHO
MONy4YUTh CTaOWIbHBIE M HecTaOwibHble o00pasubl ruapuaHeix (a3  HMMC CeNiz. MoxHO
NPEIINONI0KUTh, CTAa0MIbHBIE M HECTaOWIbHBIE OOpa3lbl THAPUAOB OTJIMYAIOTCA MEXIY COOOM
pa3IMyYHBIM pacHpelielICeHUEM aTOMOB BOJOpOJa B BOAOPOIHBIX moapewmeTkax. [ns onpeneneHus
MO3HIIMK aTOMOB BOJIOPOJIa B KPUCTAJUIMIECKOHN pemIeTKe THAPHIa Hanboee HaJeKHBIM CIIOCOO0OM
ABIIAETCA METOH MU paku HeHTpoHOB. CTpykTypa HecTabuinbHbIX ruapuaHbix ha3 UMC CeNis ¢
Pa3IMYHBIM COJIEpXKAaHHUEM BOJIOPOJa ObLIa ONpesiesieHa paHee B pabotax [4, 5]. beuto ycTtaHoBieHO,
YTO CHayaia, MpH HU3KOH KOHLIEHTPALUH, BOJOPO] 3aMOJIHAET NO3ULIUU CTPYKTYpHBIX 0J10K0B RT2.
[Ipn yBenmuueHWH KOHIICHTPAIMKM MPOUCXOJMT JAJIbHEHINee 3arolHeHUe Mo3unuii B Omokax RTs
CTPYKTYpbI ruapuia. B HacTosmel pabore HEHTpOHOrpapUuUeCKUM METOJIOM H3ydYaldHu CTPYKTYpY
crabmibHoro runpuna MMC CeNis, CHHT€3MpOBaHHOIO MPU HU3KOHM Temmeparype. [ns cHukeHus
HEKOTEPEHTHOTO paccesHUsl BOJOPOJa MPH ChEMKE HCIHOIb30BATM 00paslbl ¢ JeHTepHeM.
Heiirponorpaduueckue nanusie 6bun noiyueHsl Ha Dypbe-nuppakToMeTpe BBICOKOTO pa3pelieHus
B OUSU r. [ly6Ha. BbuTO yCTaHOBIEHO, YTO TIOTYYEHHBIC 00pa3Ilbl THAPUIOB COCTOST U3 IBYX (a3.
[lepBas ¢aza 310 B-rumpu ¢ aHU30TPOITHO PACIIMPEHHOW BIIOJIb OCH Z pemieTkoi. Bropas ¢aza sto
a-(a3za TBEpIOro pacTBOpa BOAOPOA B UCXOJAHOM MHTEPMETAIUIMYECKOM coequHeHuu. [loyueHHble
pe3yabTaThl CTPYKTypHOTO pacuera oOpasznoB ruapuaoB MMC CeNi3 ¢ BBICOKOW CTaOMIBHOCTH
MoKaszajid, 4To JedTepuil JIOKaJu30BaH B Mexa0y3nusx oboux OmokoB RT2 u RTs pemerku f-
TMIpUIHOM (a3bl U B HE3HAUUTEIBHOM KOJIMYECTBE B a-(ase.

[1] B.A. SpTbich. HOBBIE acneKThI CTPYKTYPHOM XUMHUH TUAPHUIOB HHTEPMETAIIMUECKHX COCUHEHUMN: «U30TPOIHBIE) U
«aHM30TpOIHbIE» CTPYKTYpHI // Koopaunaum. xumus. T. 18. Ne 4. (1992) C. 401-408.

[2] R.H. Van Essen, K.H.J. Bushow, Hydrogen sorption characteristics of Ce-3d and Y-3d intermetallic compounds, J.
Less-Common. V.70 (1980) P.189-198.

[3] C.A. Jlymaukos, T.B. ®unmunnosa. ['mapuasl uHTepMeTaundeckoro coenudenuss CeNis. Heopr. Mart. 1.49, Ned
(2013) C.1-5.

[4] V.A. Yartys, O. Isnard, A.B. Raybov, L. G. Akselrud. Unusual effect on hydrogenation: anomalous expansion and
volume contraction. J. Alloys Compd. V. 356-357 (2003) P.109-113.

[5] S.A. Lushnikov, V.N. Verbetsky, V.P. Glaskov, V.A. Somenkov. Structural properties of RT3 deuterides synthesized
under high hydrogen pressure. J. Alloys Compoud. V.404-406 (2005) P.103-106.
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STRUCTURE OF OPTICAL MATERIALS GeO3, In;03, AND SnO; DOPED Eusz+ STUDIED
BY MEANS OF SMALL ANGLE NEUTRON SCATTERING AND NEUTRON
DIFFRACTION

Ch. T. Nguyen' 2, S. Kichanov', D. Kozlenko!, B. Savenko'

1 Joint Institute for Nuclear Research, 141980, Dubna, Russia
2 Nha Trang Institute of Technology Research & Application, Nhatrang,Vietnam

E-mail: nguyenchithangl67@gmail.com

At the present time, one of the topical problems in modern condensed matter physic is produce
nanostructure optical materials with the possibility of varying their optical properties at the stage of
synthesis. It was observed, that optical properties of these compounds are defined by treatment
conditions. In this regard, the application of colloidal chemical methods is most promising for
solving this problem, making the distribution of optically active ions more easily doped into the
crystal matrix, and most importantly, the possibility of forming complex composite systems with a
controllable redistribution of activator ions between the components. The promising materials are
simple oxides with doping of optical ions, the oxide systems were doped Eu3+ ion (4% at) by sol-gel
of the colloid chemical method

Here, we report about structural data of optical compounds GeO2:Eu3+, In203:Eu3+ and
SnO2:Eu3+, which are annealed at different temperature by means of the small angle neutron
scattering (SANS).

As result, all of compounds have the formation of stability nanostructures, which was
characterized by a fractal dimension corresponding to the scattering of large objects with dimensions
of about 30 nm. Further, the annealing nanosystems with different behavior is observed depending
on the nature of the oxides: conservation of nanoparticles structure (SANS curves do not change - the
samples GeO2:Eu3+, In203:Eu3+), or appear the anomalies of new nanoparticles with sizes
~40- 60 A (sample SnO2:Eu3+).

The work has been supported by the RFBR and the Ministry of Investment and Innovation of
Moscow region under grant Ne 14-42-03641 r centr a.
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MOLECULAR ORIENTATION IN AMLODIPINE BESYLATE

T.V. Popiuk!?, D. Chudoba'?, L. A. Bulavin?, J. Wasicki®, A. Pajzderska’
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Amlodipine belongs to a new-generation of drugs. It is known as long-acting dihydropyridine-
type calcium channel blockers, inhibits the movement of calcium ions into vascular smooth muscle
cells and cardiac muscle cells. Like other medications in this group, amlodipine lowers blood
pressure by relaxing the muscles controlling the diameter of blood vessels in the body. Amlodipine is
used in the management of hypertension and coronary artery disease. It is on the World Health
Organization's List of Essential Medicines, the most important medications needed in a basic health
system [1].

Amlodipine is molecular crystal and no phase transitions in the temperature range from 77 K
up to the melting point at 450 K have been observed. Nevertheless we cannot exclude a phase
transition at lower temperatures. It is known 3 polymorphic forms of amplodipine: besylate, maleate
and mesylate.

The aim of the study is to determine the molecular dynamics of the methyl and NH3 groups in
amlodipine besylate as a function of temperature by neutron scattering and NMR methods.

In work has been shown comparison experimental results and calculated by “Monte-Carlo”
method.

[11 "WHO Model List of EssentialMedicines". World Health Organization. October 2013. Retrieved 22 April 2014.
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SUPPRESSION OF THE ANTIFERROMAGNETIC STATE IN LA¢.5:BA¢.1sCOO3
COBALTIDE AT HIGH PRESSURE

A.V.Rutkauskas', D.P.Kozlenko', I.O. Troyanchuk?, S.E. Kichanov!, E.V.Lukin', B.N.Savenko'

1 Joint Institute for Nuclear Research, 141980 Dubna, Russia
2 Scientific and Practical Materials Research Centre of NAS of Belarus, 220072 Minsk, Belarus

Studies of the Laos2Bao1sCoO3 compound have been performed by using the neutron
diffraction at high pressure up to 4 GPa in the temperature range from 10 K to 290 K. Under normal
atmospheric conditions, this compound has a thombohedral symmetry with space group R3c. When
cooling till the temperature of Tn = 100 K there is a non-collinear antiferromagnetic (AFM) phase
with propagation vector k = (0, -0.5, 0.5). This phase is suppressed by high pressure and disappears
at P > 2 GPa. The degree of instability in the Laos2Baoi1sCoOs AFM phase
in relation to the effects of high pressure is much higher than that of the related compounds with the
basic ferromagnetic state. We have analyzed the relationship of the AFM state instability with the
electron configuration changes of cobalt ions Co** in Laos2Bao.1sCoO3 at high pressure.

The work is supported by grants PODU #14-02-90051-ben-a and BPODOU D14P-040.
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NEUTRON DIFFRACTION STUDIES OF MOLTEN SALTS IN NONEQUILIBRIUM
STATE

O. Shabanov, S. Suleimanov
Dagestan State University, M. Gadzhieva str., 43 a, Makhachkala 367025, Russia
E-mail: s.sagim.i@ya.ru

The vast majority of metals are produced by electrolysis of the molten salt electrolytes.
Physicochemical properties of molten salts in equilibrium state have been investigated by modern
methods, including the neutron diffraction and spectroscopic methods [1, 2], they lead to the
conclusion that the molten salts of many metals are structured. On their radial distribution functions
(RDF) are observed sharp and high first and second peaks [1]. Moreover, measurement of their
partial structure factors S++(k) show the presence of “pre-peak” in which is believed to long-range
polymeric ordering of their basic structural species — complex ions of type MgCla>, AICl4 and others
[1-3]. An intermediate range ordering appears even for the Li" ions in molten mixtures of alkali
halides, which is associated with their clustering. This ordering is surprising in view of the simplicity
of the interionic interactions in them [4]. The existence of different complex structural units and their
characteristic distribution in the equilibrium electrolytes determine observed their physical and
chemical properties, the mechanisms and kinetic pathways that decrease current and voltage
efficiency in metals electrolyze cells [5, 6].

We have shown [7] that on exposure of the high-voltage microsecond pulsed fields, the molten
salts pass into a non-equilibrium state with the disappearance of the characteristic peaks of the
Raman spectra and the increased electrical conductivity, which is explained by stimulated
dissociation of complex ions. In the course of the structural relaxation of nonequilibrium melts, their
Raman spectra and electrical conductivities are restored to the values and features specific to
equilibrium systems in over about 10 minutes.

In the literature, there are no experimental RDF, data on the structure and structural parameters
of molten salts in a nonequilibrium state. For study in details the structural parameters of molten salts
MgClz, KAICl4, ZnClz, LiCI-KCl in non-equilibrium state we propose to perform neutron diffraction
at neutron diffractometer DN-2 at 6A-th channel of IBR-2 reactor for their RDF and structural
parameters, after playing back their literary RDF in equilibrium state. We would be interested in
diffraction study at different temperature in range 600-800 K. We have the anhydrate samples, the
high-voltage pulse generator for translation the melts in non-equilibrium state. So, we ask for 4-5
experimental days in total. The results expected for the first time enable a new insight into the
structure and properties of the equilibrium and non-equilibrium molten electrolytes and to create a
scientific basis for the improvement and intensification of the technological processes.

This work was supported by Russian Foundation for Basic Research, projects Ne 15-08-00559
and Ne 14-08-00033-a.

[1] G.V. Neilson, A k. Adya. Neutan diffraction studies of liquids// Annu. Rep. Pror. Chem.., Sect. C: Phys. Chem.1997.
997.(9)30. 101-146.

[2] A.-L. Rollet and M. Salanne. Studies of the local structure of molten metal halides//Annu. Rep. Prog. Chem., Sect. C:
Phys. Chem. 2011.107. 88-123.

[3] Pusztai, R.L. McGreevy. The structure of molten ZnCl, and MgCl,// J. Phys.: Condens. Matter, 2001. 13 (33) 7213-
7222.
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[4] M Salanne, C Simon, P Turq and P A Madden. Intermediate range chemical ordering of cations in simple molten
alkali halides// J. Phys.: Condens. Matte, 2008. 20 (33)332101

[5] S.-Y. Yoon., D.R. Sadoway. Spectroscopic and electrochemical studies of molten salts electrolysis of aluminum and
magnesium // Physical Electrochemistry and High Temperature materials Divisions. Proceedings. 1987. 82-7. 1011-
1015.

[6]Y. Yoon, J.H. Flint, Kipouros, D.R. , D.R. Sadoway. Raman scattering studies of molten salts. Electrolysis of light
metals//In energy reduction Techniques in Metal Electrochemical Processes, R.G. Bautista and R.
Wesely, editors, (Warrendale P.A.: TMS-AIME, 1985) 137.

[7] O. M. Shabanov, P. T. Kachaev, S. I. Suleymanov. Activation of Solid and Molten Electrolytes and their Relaxation//
Advanced Materials Research.2013. Volumes Advanced Measurement and Test III 718-720 , pp. 146-150.
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ANTIFERROMAGNETIC-FERROMAGNETIC TRANSITION IN ANION DEFICIENT
COBALTITES. NEUTRON DIFFRACTION STUDIES

V.V. Sikolenko', V.V.Efimov!, S.A.Tjutjunnikov', A.G.Selutin?>, M.V .Bushinski®>, M.Frontzek* and
1.0.Troyanchuk®
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Anion deficient cobaltites Lao.sBao.sCo0O2s and Yo.25Ca0.25Sr0.5C002.62 have been studied as a
function of pressure up to 6.5 GPa and temperature 5 - 300 K by neutron powder diffraction. High
resolution structural data have been obtained by HRFD diffractometer (IBR-2, FLNP), high pressure
experiments with medium resolution have been performed at the DMC (SINQ, PSI) and D20 (HFR,
ILL).

YCaSrCoO , T=293 K, HRFD
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Fig.1 Neutron powder diffraction at Fig.2. Antiferromagnetic peaks
ambient pressure (HRFD, Dubna). measured at ambient pressure (upper red
Experimental data and Rietveld structure curve) and at 4 GPa (lower blue curve) at 100K

refinement is shown (DMC, PSI)

At ambient pressure both compounds are antiferromagnetic with Tn below 250K. Applied
pressure induces in first compound a gradual transition from antiferromagnetic to a ferromagnetic
state through a mixed magnetic state, whereas the second compound remains antiferromagnetic in
whole pressure range. We suggest that the magnetic ground state depends on unit cell volume and
magnetic transition is associated with a spin state crossover of cobalt ions from a mixed high
spin/low spin into intermediate spin/low spin states.
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NEUTRON DIFFRACTION STUDY OF MAGNETIC AND STRUCTURAL PHASE
TRANSITIONS IN NIO AND MNO
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For a better understanding of the correlation between structure and the magnetic properties of
simple oxides the magneto-structural phase transitions in NiO and MnO were studied by neutron
diffraction technique. Complete separation of nuclear and AFM magnetic diffraction peaks of these
oxides makes possible a detailed analysis of the temperature variations of the atomic and magnetic
structures during phase transitions.

Experiments were performed in a wide temperature range from 5 to 563 K at the High
Resolution Fourier diffractometer (HRFD) at the IBR-2 pulsed reactor (JINR, Dubna). The HRFD
resolution function, R = 4d/d, is determined by the maximum frequency of the fast Fourier chopper.
In routine operation (Vmax= 4000 rpm) R is close to 0.001, only slightly depends on dhki, and
improves with increasing dhki. The experimental data were collected at NiO and MnO powders with
large sizes of crystallites. In both oxides the structural transition consists of in lowering of the
symmetry from cubic to rhombohedral, when during the magnetic transition AFM structure of the
Neel type appears.

From diffraction data we were able to obtain temperatures of the structural and magnetic
transitions as well as temperature dependences for the rhombohedral distortion and the value of
ordered magnetic moment. It was found that in MnO both structural and magnetic transitions occur
at the same (within experimental uncertainties) temperature (Tn = Te = 123+3 K). Contrary, for NiO
magnetic transition occurs at 56 £ 9 K higher temperature than structural one (Tn = 539+7 K, Tc =
483+5 K). To our best knowledge, this fact does not yet have an adequate theoretical explanation.
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Barium ferrites with hexagonal structure (BaFei2019) are well known by their high electrical
and magnetic properties. Their solid solutions doped by Co, Sc, Ti, Nb and etc. [1] display relatively
high values of electrical resistance (~ 10°+10° Q*cm) and large magnetization as well as coercive
force (He~ 160 — 55 kA/m) [2, 3] and of the Curie temperature. Furthermore, it is worth to point there
excellent chemical stability and corrosion resistivity [4] of these materials that let to use them in
corrosive mediums. The recent discovery of considerable ferroelectric polarization in ceramic
BaFe2019 [5] and PbFe2019 [6] with hexagonal structure and collinear ferrimagnetic alignment
attract attention of researches and renew the scientific interest for this materials.

In present work, the influence of diamagnetic ions Al and In onto crystal and magnetic structures of
solid solution of barium ferrite BaFei2xDxO19 (D=Al and In; x= 0.1 — 1.2) was investigated by
neutron diffraction of high resolution in a wide temperature range. Polycrystalline patterns prepared
by conventional solid reaction method. Pressured pellets annealed at 1300°C (6 h) in air. The
temperature dependence of lattice parameters for

compounds with x=0.1 are shown at Fig. The

e e 1798 pattern doped by In ions has a little more

A

@
233} —e—c  —o- A
N Vv —A—/ / {705 volume of unit cell unlike pattern doped Al ions.
' The high resolution of neutron diffractometer

23 4 |LD=Al: " D=lIn:

. 2341 17027« ) ) )
S 502 ~~ allowed carrying out analysis of microstructure
~ . a8 . .
S gt 699 parameters, such as sizes of coherent scattering
5.90 ,_4_&76 . 1696 blocks and microstress in crystallites, with
A .
c 55 _-__E._?_,._-_:::? . BaFe, D O, |lg93 temperature  changes. The increase of
o 150 300 450 600 750 microstress with forming of long-range
T.K magnetic order in ferrimagnetic crystal could

have linked with the fact that individual sublattices make different contributions in general

deformation. In low temperature range from 150 to 4.2 K the Invar effect (zero thermal expansion

coefficient) isobserved. Such behavior of lattice parameters of barium ferrites in the range from 150

to 4.2 K explained by a change of the regime of mutual rotations and tilts of the oxygen octahedra.
The financial supports by the Belarusian Republican Foundation for Fundamental Research

(Grant no. F15D-003) and Joint Institute for Nuclear Research (Grant no. 04-4-1121-2015/2017).
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Crystals of solid solutions SrxBaa-xN206 (SBNx, 0.2 < x < 0.8, P4bm) belong to uniaxial
relaxors [1]. At increasing Sr concentration the phase transition temperature decreases [2] with the
simultaneous enhancement of relaxor behavior; i.e. the diffuseness of the maximum in the
permittivity € becomes more pronounced and the frequency dispersion of &(T) increases.

In recent years the critical behavior in SBN60—
LI R R R SBNG61 crystals is under discussion. We have carried out
DE=0 5 the study of diffuse scattering near the (002) and (220)
e £F=28-10"V/m sites at zero applied electric field [3]. In vicinity of (002)
g =0.05a* Bragg peak we have observed an intense scattering,
— which strongly depended on the temperature and on the
applying of the electric field. The analysis of the
temperature dependence of the this scattering in SBN60
.__.‘H\a: have shown, that upon cooling in the zero electric field
e e T the spatially homogeneous polar state is not formed and
the crystal is divided into nanodomains below 320 K. It
has been shown that below the Curie temperature the
correlation length remains constant and approximately is
equal to 27 nm. We also determined the critical exponents
v = 0.67(2) and y =1.33(17) and Curie temperature
Tc=340.5(1.2) K.

However, the spatial distribution of diffuse
scattering and effect of applied electric field remain
practically unclear (fig. 1). We have carried out the study
of temperature evolution of diffuse scattering in SBN60
single crystal in two regimes: at zero field and at applied

300 340 380 420 electric field ~ 3 kV/cm. It gives the possibility to obtain
T,K the information concerning to spatial organization of the

order parameter fluctuations in this crystal near the phase

transition temperature. The main idea of these

Fig. 1 The experimental data of the  eagurements was to determine the effect of applied
temperature  dependence of scattering  electric field on critical parameters and to obtain
intensity of neutrons in relative terms for  information about spatial organization of the order
several values of the reduced wave vector  parameter fluctuations. At present time this information is
q near (002) site. absent.
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[2] Yu.S. Kuz’minov, Ferroelectric Crystals for Laser Radiation Control (Nauka, Moscow, 1982; Adam Hilger,Bristol,
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[3] S.A. Borisov, N.M. Okuneva, S.B. Vakhrushev, A.A. Naberezhnov, T.R. Volk, and A.V. Filimonov Physics of the
Solid State,55(2), 334 (2013).
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Manganites of perovskite type R1-xAxMnO3 (R - rare earth, A - alkali earth elements) exhibit
rich magnetic and electronic phase diagrams depending on the kind of R, A elements and their ratio.
These systems show for particular compositions an extreme sensitivity of magnetic, structural,
electronic, transport properties to external fields, and have attracted considerable interest with respect
to the recently discovered colossal magnetoresistance (CMR) effect. The properties of manganites
depend substantially on a balance between the ferromagnetic (FM) interactions mediated by itinerant
charge carriers (double - exchange mechanism) and the superexchange interactions between
localized spins of manganese ions, which are usually antiferromagnetic (AFM). A dielectric
ferromagnetic state was also detected in the La 0.7 Sr_0.3 Mn_0.83 Nb_0.17 O_3 manganite, which
has no manganese ions with different valences. To reveal the nature of the ferromagnetic ordering in
this manganite, we performed a neutron diffraction at high pressure.

The crystal and magnetic structures of compound La 0.7 Sr 0.3 Mn_0.83 Nb_0.17 O_3 have
been studied by neutron diffraction at pressure up to 4.5 GPa and temperature range 5-300 K. At
ambient pressure, this compound is shown to be a ferromagnetic state FM with T C = 150 K and a
magnetic moment of 3.097 uB at T= 4 K. The crystal structure of which is described by the
orthorhombic symmetry with space group Pnma. By applying difference pressures up to 4.5 GPa at
varying temperatures, the new antiferromagnetic phase is found. Temperature dependences of
magnetic moment at difference pressures, unit cell parameters, atom coordinates, magnetic moments
of Mn are also revealed in this work.

The work has been supported by the RFBR grant 14-02-90051 Bel a and The Joint Project
between Vietnam Academy of Science and Technology and the Russian Foundation for Basic
Research named VAST.HTQT.NGA.01/15-16.
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The spatial distribution of neutron beam Bragg diffracted from Si single crystal undergoing on
ultrasound excitation and bending have been measured. The values of ultrasound wave amplitude
and uniform strain gradient were determined. For the perfect crystal it was shown that at the same
time as the acoustic wave amplitude is increased, the front-face peak position remains unchanged
and its value grows linearly. For the strained crystal the spatial distribution of diffracted neutrons
inside the profile is analyzed as well as the mechanism of anomalous decrease of diffraction
intensity, depending on acoustic waves amplitude and on the value of the uniform strain gradient.

A new types of Pendellosung fringes were observed. These effects observed at the first time,
have a different nature in the case of a perfect and deformed crystal. It is supposed that in the perfect
crystal this effect may be due to the appearance of the new “sound” extinction length, depending on
the amplitude of the ultrasonic wave, thus, it leads to the new interference interactions between
neutron wave and ultrasonic phonons. The influence of the crystal bending on the formation of the
fringes in Bragg spatial profiles was studied. It is establlished that within the framework of the
dynamical theory of the neutron scattering some asymptotic models valid for the case of Laue
geometry can be applied in the case of Bragg geometry also. Good agreement between experimental
data and the theory have been obtained.

90



SAS PROGRAM FOR THE PRELIMINARY DATA TREATMENT FOR THE SMALL
ANGLE NEUTRON SCATTERING MULTIDETECTOR SYSTEM ON THE PULSED
SOURCE
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dMoscow Institute of Physics and Technology, Dolgoprudniy, Russia

The information about the absolute cross sections of small angle scattering is the most
important task for small-angle neutrons and X-rays scattering spectrometers. For the pulsed neutron
sources and the TOF spectrometers the problem is complicated in case of the whole neutrons
wavelengths spectrum using but not the selected wavelength. SAS software is designed for the
preliminary data treatment processing of the spectra measured on small-angle spectrometer YuMO
(Channel 4 of the IBR-2 reactor). This program allows you to fold the data relating to the same
model, to calculate the resolution function for the given experiment conditions, to carry out data
correction on dead times of neutron detectors, and to subtract the background from the data detector
substrate (in two possible modes of operation of the spectrometer: using a beam chopper neutrons or
not), to carry out normalization of the obtained spectrum to an independent (standard) vanadium
scatterer, to subtract the data background (s) of the sample (s). SAS works with two ring-wire
detectors, but the information about them is directly included to the "raw" data obtained during the
experiment, and can operate in multi-detector mode.
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ADAPTATION OF THE FSS DIFFRACTOMETER AT THE IBR-2 FAST PULSED
REACTOR: CURRENT STATE AND PROSPECTS OF DEVELOPMENT
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The Fourier diffractometer FSS on beamline 13 of the IBR-2 reactor is intended for
investigations of internal stresses in engineering materials and industrial products using high-
resolution neutron diffraction (4d/d ~ 4x107?). In addition to carrying out scientific research, another
important direction of scientific and methodological activities on FSS will be further development of
the neutron correlation RTOF technique for the analysis of elastic neutron scattering by crystals, as
well as development and testing of new detectors, detector electronics and data acquisition
electronics. Using FSS it will be possible to probe new ideas in correlation neutron spectrometry,
which can be applied further on the European pulsed neutron source ESS. In addition, on the basis of
the FSS an educational process will be organized for students, postgraduates and young specialists.

The FSS will be very similar in design to the available IBR-2 diffractometer FSD. The FSS,
however, will have a longer flight path between the Fourier chopper and detector, which will allow
us to use relatively low rotation speed of the chopper (~ 3000 rpm). In addition, the design of the
Fourier chopper on FSS will ensure the minimization of the “collimation effect” of the chopper thus
making it possible to reduce distortions of the shape of diffraction peaks. In the course of the
implementation of the project major attention will be paid to the enhancement of the detector solid
angle, improvement of the resolving power and the solution of the existing technical problems
preventing widespread use of this method on pulsed neutron sources.

The FSS diffractometer comprises the following main units: steel conical collimator, neutron
Fourier chopper, neutron guide, sample stage and two detectors. The Fourier chopper is between the
conical collimator and the neutron guide. The fast Fourier chopper modulates the intensity of the
primary neutron beam with the rotation speed of its disk ranging from 0 to 3000 rpm. The neutron
guide between the Fourier chopper and the sample is intended to decrease losses in transporting
neutrons to the sample. Two detectors comprising 16 °Li-glass scintillation elements each are placed
at scattering angles of £90°. The radial collimators providing for the effective size of the scattering
area of the sample of 1 or 2 mm can be positioned in front of the detectors.

To date, the following works were completed: FSS transportation, The design project for FSS
installation, construction of necessary beamline infrastructure, steel collimator tube was
manufactured and installed in the beamline channel, neutron guide and Fourier chopper with
supporting table were mounted on the beamline, Fourier chopper supply and control system was
mounted, Fourier chopper operation modes were tested, the vacuum housing of the neutron guide
was adopted for beamline 13, neutron beam parameters were evaluated, the experimental control
cabin was installed.

In 2015-2016 it is planned to install and test the 90°-detectors with radial collimators, install
electronic systems, make first neutron diffraction measurements and instrument parameters
evaluation.
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Further development includes replacing of existing mechanical sample table by modern
HUBER goniometer, upgrade of neutron beam forming system with adjustable motorized diaphragm
for the incident neutron beam, upgrade of FSS DAQ system on the basis of SONIX+ system with
List-mode operation mode, automation of experiment control, analysis of the prospects for the use of
various type choppers for RTOF techniques, test experiments for residual stress studies with real
samples to evaluate main instrument parameters and its performance.

steel collimator neutron guide

.‘\ :

-

14 - NRT |

detector system

F-chopper(s)

Fig. 1. Layout of the Fourier diffractometer FSS on beamline 13 of the IBR-2 reactor.
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It is planned that in 2019 new cold moderator to the 4-th beam-line will be installed. The
advantage and disadvantage of it is discussed on base of experimental data and calculating by Monte
Carlo simulations. Recently, two methane moderators have been tested at the IBR-2 reactor. The
measurements of neutron spectra for two methane cold moderators are done for the standard
configuration of the SANS instrument. The data from both moderators under different conditions of
their operation are compared. The ratio of experimentally determined neutron fluxes of cold and
thermal moderators at different wavelength is shown. Monte Carlo simulations are done to determine
spectra for cold methane and thermal moderators. The results of the calculations of the ratio of
neutron fluxes of cold and thermal moderators at different wavelength are demonstrated.

In addition, the absorption of neutrons in the air gaps on the way from the moderator to the
investigated sample is presented. SANS with the protein apoferritin was done in the case of cold
methane as well as a thermal moderator and the data were compared. The perspectives for the use of
the cold moderator for a SANS spectrometer at the IBR-2 are discussed.

Great losses in the thermal peak region (over 10 times for the maximum and over 4 times for
the working wavelength range) with the same reactor power (thus, the background component
remains unchanged) cannot be balanced out by the gain at large wavelengths for a spectrometer with
the direct sight of the moderator and using the time-of-flight techniques. This conclusion was also
confirmed by attempts to derive experimental data not only from the samples described above, but
from others as well. So, the advantages of the YuMO spectrometer with the thermal moderator with
respect to the tested cold moderator are shown [1].

[1] Kuklin A. I. et al. Analysis of neutron spectra and fluxes obtained with cold and thermal moderators at IBR-2 reactor:
Experimental and computer-modeling studies //Physics of Particles and Nuclei Letters. — 2011. — T. 8. — Ne. 2. — C.
119-128.
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The development of neutron imaging techniques as a tool for non-destructive analysis of the
internal structure, defects and processes in industrial products, functional materials, objects of
cultural heritage attracts considerable attention at the present time. The dedicated instruments are
available at the many neutron sources. The IBR-2M high flux pulsed reactor is one of the most
powerful pulsed neutron sources in the world with the average power 2 MW, power per neutron
pulse 1850 MW and neutron flux in pulse of 5*10*15 n/cm?/s. However, in Russian Federation there
is no dedicated neutron imaging facility for cultural heritage research at the moment. First activities
for establishing prospects of neutron imaging development at IBR-2M were made in 2011. Using the
experimental setup based on the CCD camera and beamline 12 with mirror neutron guide, it was
shown that appropriate quality neutron images can be obtained in rather short time of 10 s with white
neutron beam. Following the first successful neutron imaging tests, performed at the beamline 12 of
IBR-2, the concept design of the dedicated neutron imaging instrument for installation at the
beamline 14 of IBR-2 was developed and its construction was started in 2012. Many various neutron
imaging experiments were performed both during construction and finishing of the facility setup.
Due to huge empirical work nowadays the neutron imaging facility at the IBR-2M high flux pulsed
reactor is available for routine tasks. The main results of such experimental data received during last
several years are presented in this work.
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B pabote mnpemiokeH OpPUTHHAIBHBIA METOJX MOJYYEHHS TOHKOAMCIEPCHBIX ITOPOIIKOB
Bal2:Eu, nepcnekTHBHBIX B KaueCTBE HOBOIO CHUHTWULIIMOHHOrO Matepuana. OrnpeneneHsl
ONITUMAJIbHBIE YCIIOBHSI (DOPMHUPOBAHUS YKa3aHHBIX IMOPOIIKOB, MCCIEIOBAHO BIUSHHUE YCIOBHUH
TepMO0OOpPaOOTKH, KOHIIEHTPAL[MN HOHA-aKTHUBATOpa, MOP(OIOruM 4acTUll IpeKypcopa M Ip. HA HX
CIEKTPAIBLHO-TIOMUHECLICHTHBIE CBOUCTBA.

B Hacrosiee BpeMsi 3HAUUTENBHO BO3POC MHTEPEC K CUUHTUIUIALUOHHBIM MaTepHajaM — 3TO
CTUMYJIUPYETCS  PAacCTYyUIMMHU TOTPEOHOCTSIMM B YCOBEPILIEHCTBOBAHMM  PAJHOIOIMYECKHX
JI€TEKTOPOB, UCIOJIb3yEMbIX B MEJHMIIMHE, MPOMBIIUIEHHOCTH U (U3UKE BBICOKMX 3HEpruil. OaHum
u3 3((HEeKTUBHBIX MAaTEpPHAJIOB B ATOM HalpaBICHUH MOXET ObITh Woauz Oapusi, aKTUBUPOBAHHBIN
voHaMi Eu?’, MOCKONBbKY XapaKTepu3yloTCs IOCTaTOYHO BHICOKMM CBETOBBIXOAOM (10 59000
gotonos/M»B), ymMmepeHHoi mmoTHOcThIO (~5,1 T/cM®) M He oOnagaer COOCTBEHHOM
pannoakTUBHOCTBIO. OHAKO, BBICOKAs TUTPOCKOMMYHOCTH M (POTOUYBCTBUTEIBHOCTH CO3ACT
OIpeJIeJIEHHbIE TPYIHOCTH Ul €ro IIUPOKOro MUCHoib30BaHus. OJHAKO, CTPEMUTENBHOE pa3BUTHE
Pa3IUYHBIX XUMHUYECKUX MOAXOJOB CHHTE3a OTKPHIBAET HOBbIE BO3MOXKHOCTU B IOJYYEHUU TaKUX
MaTepuaioB, OCOOCHHO B BHJE KEPaMHUKH, CTEKIOKEpAaMHUKH, a TaK >K€ YJbTPaJUCIIEPCHBIX
MOPOLIKOB M Pa3iIMYHBIX KOMIIO3UTHBIX MaTEpHaliOB, YTO OTKPHIBAET HOBBIE BO3MOXHOCTH JUISl MX
UCTIOJIb30BAHUS.

B cooTBeTCTBUM C BBIIIECKAa3aHHBIM 1IE€JIbI0 HACTOSIIECH pabOTHI SBIsIach pa3paboTka METoAa
CHHTE3a TOHKOJMCIIEPCHOTO TOpOLIKA HMOAWAA OapMs, aKTMBHPOBAHHOIO HoHamu Eu®’, u
UCCIIEIOBAaHUE BIUSHUS YCIOBUH CHHTE3a (peXUM TepMOOOpaOOTKH, KOHIIEHTpalMs HOHa-
aKkTHBaToOpa, MOp(OIOrus 4YacTHIl MpeKypcopa M Ip.) Ha HX CHEKTPaIbHO-JIIOMUHECIIEHTHBIE
CBOMCTBA.

ITopomku Bal2:Eu nmomyuanu tepmooGpabotkoit nmpu 360—400°C npekypcopa (BaCOs:Eu) B
npucytcTBuM  momupytomero areHra (NHal) B wuneptnoit atmocdepe. BaCOs:Eu mnomyuanun
oOpaTHBIM OcCakJeHHeM cMecu BoaHbIXx pactBopoB Ba(NOs3): u  Eu(NOs); B pacTBOp
ruapokapOonata aMMoHusa. COM CHUMOK MOP(OIOrHM MOJTy4aeMbIX MOPOIIKOB MPEICTABICH Ha
pucyHke 1.

Kak BHIHO M3 pUCYHKa, TPEKypcop COCTOHUT U3 MAJIOYKOOOPa3HBIX arperaToB, CPETHHMA
pa3Mep KOTOPBIX COCTaBISE€T 2 MKM, COOpaHHBIX B 000COOJIEHHBIE JIPYr OT JApyra KOHIJIOMEpATHI
okpyrioit popmel pazmepom 10.14+0.8 mxm. Ctpoenune yactur; BaCOs3:Eu nmo3BosiseT npeanoioxuTh,
YTO OHU (POPMUPYIOTCS 1O MEXaHU3MY KOJUIOMJHOM arperamuu.
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ITo nanabIM PDA ycraHoBIEeHO, yTO (hopMHUpyeMbIe B mporecce TepmoodpadboTkn BaCOs3:Eu n
NHa4l mopomku mnpexacraBisiior coboit  kpuctamoruapar Balx:Eu-2H2O. ®opmupoBanue
KPUCTAJUIOTHAPATA CBSI3aHO C BBIICIICHUEM BOJIbI B COOTBETCTBUH ¢ ypaBHEeHUsAMH (1) u (2).

BaCO,+2NH, | —Bal,+CO,+H,0+2 NH, )
Eu,(CO,)+6 NH | —2Eul,+3CO,+3H,0+6 NH, @

Kak BuaHO W3 pucyHka 2, creKTp BO30YXIeHHUs JTroMHHecHeHuuu odOpasua Bal2:Eu-2H20
CUMMETPHUYEH, C MAaKCUMYMOM Tipu 316 HM, mojioca JJIOMUHECHIECHIIMH C MAaKCUMYMOM Tpu 426 HM
CUMMETpPUYHA, XapaKTepHa TOIbKO s HMoHOB Eu?’. OTcyTcTBHE MHOJOCHI JIIOMMHECIEHIIUH,
XapakTepHoil s uoHoB Eu’" mo-suammoMy o0OyCIOBIEHO pasiokeHHEM (OPMHPYEMOro B
nporecce Tepmoodpadotku Euls mo Eul> B cooTBeTcTBHM C ypaBHEHHEM 3.

2EU|3—)2EUIZ+I2 (3)

Pa6oTsr BeimonaeHa npu noaaepxke bPODU, rpant X14M-034.
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MULTILAYER NEUTRON MONOCHROMATOR-POLARIZER ON THE BASIS OF IRON
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In this paper the multilayered neutron monochromator polarizer consisting of 490 alternating
layers of iron and niobium is offered. Each layer of Fe and Nb has thickness 25 A. Use of thin layers
in the period of structure will allow to receive the reflected Bragg’s peaks with high resolution on
wavelength. Existence of identical thickness of layers in the period allows to avoid the Bragg’s peaks
of even orders. Parameters of the first Bragg peak for eight model neutron monochromators-
polarizers on the basis of iron and cobalt are given in work. Calculated curves show that the first
Bragg peak reflected from structure of Fe/Nb has relative half-width of 1.1%, the maximum
coefficient of reflection 0.997 and the polarizing efficiency 0.999. Also the first experimental curves
of coefficient of reflection of neutrons from structure of Fe/Nb depending on the momentum transfer
are given.
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APPLIED STUDIES

HIGH RESOLUTION CORRELATION FOURIER DIFFRACTOMETRY FOR ADVANCED
MATERIALS CHARACTERIZATION

G. Bokuchava
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia

For the practical applications of many modern high-technological materials, it is vital to
control their physical and mechanical properties, which are greatly dependent on the peculiarities of
their microstructures. The neutron diffraction has a great potential for the investigation of the
microstructural parameters of various constructional materials due to some important advantages of
the method: high penetration power of the neutrons, good spatial resolution, applicability for
multiphase materials (composites, ceramics, alloys, etc.), non-destructive character of the method,
possibility to study materials microstructure and defects (microstrain, coherently scattering crystallite
size, dislocation density, etc.). In combination with the time-of-flight (TOF) technique at pulsed
neutron sources, this method allows to determine lattice strains along different (hkl) directions
simultaneously, i.e. to investigate mechanical anisotropy of crystalline materials on a microscopic
scale. In current work several typical examples of materials microstructure studies performed on
Fourier Stress Diffractometer (FSD) [1] at the IBR-2 pulsed reactor in FLNP JINR (Dubna, Russia)
were given.

The work was supported by Russian Foundation for Basic Research and the Moscow Region
Government (project No. 14-42-03585 r center a).

[1T G.D. Bokuchava et al., Appl. Phys. A: Mat. Sci. & Proc., 74 [Suppl1], s86-s88 (2002).
[2] G.D. Bokuchava et al., J. of Surf. Inv. X-ray, Synch. & Neutr. Tech., 9(1), 44-52 (2015).
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Fig. 1. a) Resolution function for 16Cr-15Ni-3Mo-1Ti austenitic steel specimens at
different degrees of plastic deformation [2]. b) The shape of diffraction peak (200) vs. plastic
deformation degree. ¢) Ad® vs. d? for austenitic steel specimen with 30% of deformation. d)
Dislocation density estimated from neutron diffraction and TEM data. TEM images of 16Cr-
15Ni-3Mo-1Ti steel deformed by 10% (e) and 30% (f).
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NEUTRON DIFFRACTION CHARACTERIZATION OF RESIDUAL STRESS AND
MICROSTRUCTURE IN RECONSTITUTED CHARPY SPECIMENS

Gizo Bokuchava!, Igor Papushkin!, Peter Petrov?

!Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
2Institute of Electronics of Bulgarian Academy of Sciences, Sofia, Bulgaria

One of the pressing problems of modern nuclear power engineering is control of the reactor
vessel metal condition during its lifetime and guarantee of the reactor vessel integrity under normal
operating conditions, as well as during any design accidents. This is a prerequisite for the safe
operation of a shell-type nuclear reactor. Usually the hull steel deteriorates under the neutron
irradiation. Therefore, the program of surveillance specimens, which are located at the inner wall of
the reactor cavity, is an important source of information about reactor steel properties changes.
Typically, surveillance specimens program based on analysis of their mechanical tests results
provides verification of the project design characteristics of brittle fracture resistance, evaluation of
the reactor vessel functionality, and the material testing maintenance of its operation for the whole
project period. However, the surveillance samples test results and radiation exposure monitoring data
often indicate the possibility of extending the service life over the project period. At the same time,
support of reactor vessel operation beyond the project period usually is not provided within the
regular program. In this connection, the problem of surveillance samples reconstitution after
mechanical tests using various types of welding techniques (arc stud welding, electron and laser
beam welding, etc.) becomes especially important. The purpose of such a reconstruction is to
increase the number of irradiated reactor vessel steel samples to obtain representative and reliable
data that are used to estimate the radiation embrittlement of reactor vessel material for confirmation
or prolongation of its operation life.

It should be noted that the reconstruction technology should not significantly alter the structure
and mechanical properties of the material to maintain the representativeness of the data. Therefore, it
is necessary to control the level of residual stresses after welding in the reconstituted surveillance
specimens. However, during fusion welding residual stresses are definitely generated in almost any
welded joints. Usually residual stresses are formed in welded structures as the result of differential
contractions, which occur as the weld metal solidifies, and cools down to the ambient temperature.
The use of a electron or photon flux in at power densities >10°® W/cm, for electron or laser beam
welding, allows one to reduce residual stress level occurring during welding. The use of a lower heat
input, e.g. electron or laser beam welding, allows one to reduce residual stress level occurring during
welding. At present in the literature there is lack of information about residual stress distribution
after electron and laser beam welding.

In order to evaluate feasibility of different welding methods the residual stress level in
specimens welded by various techniques should be estimated. Therefore, the main aim of this work
was the experimental determination of residual stress distribution and microstructural changes in the
test Charpy specimens reconstituted by electron beam (EBW), laser beam (LBW) and arc stud
(ASW) welding methods using high resolution neutron diffraction. The experiments were performed
on the FSD Fourier diffractometer at the IBR-2 fast pulsed reactor in FLNP JINR (Dubna, Russia).
The obtained results confirmed that EBW demonstrates high quality of weld seams and the lowest
level of the residual stress as compared to other welding techniques. Apparently, this is due to the
small amount of introduced heat at the EBW process (4-5 times lower than, for example, during
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ASW), resulting in dramatically reduced deformation of the final product. As expected, for all
specimens the residual stress is falling down in regions remote from the weld area. It was found that
peak broadening at the centre of a welded joint is often observed due to the change in the material’s
microstructure during weld process. From the diffraction peak broadening the residual microstrain
level was evaluated which directly characterizes the dislocation density in the studied material. As it
was expected, the positions of maxima in the microstrain distributions are in good agreement with
the positions of the weld centres for all studied specimens. Such microstructural change near weld
region is often confirmed by microhardness increase because of martensitic (or martensitic-bainitic)
structure forming in weld region and HAZ. Usually this process is followed by increase in
dislocation density in material, which in turn affects the diffraction peak broadening effects.

Acknowledgements. The work was supported by RFBR grant No. 15-08-06418 a and
Bulgarian Nuclear Regulatory Agency.
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Fig. 2. Residual stress distribution in test Charpy specimens (10x10x55 mm) reconstituted by
electron (a) and laser (b) beam welding. Inset: studied Charpy specimen (EBW) with marked scan
points.
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Fig. 3. a) The shape of diffraction peak (110) during scanning across welds. Inset: 3D intensity map of
the neutron diffraction pattern near (110) reflection during scan across weld seam. The horizontal dashed lines
indicate the positions of the centers of weld seams. b) Residual microstrain distribution in all studied Charpy
specimens. The weld seams centers are located at X =0 mm and X = 10 mm.
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INVESTIGATION OF RESIDUAL STRESS IN FORMULA 1 RACING CAR GEARWHEEL
WELDED BY ELECTRON BEAM

Igor Papushkin', Darina Kaisheva?, Gizo Bokuchava!, Peter Petrov?

'Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Joliot-Curie str. 6,
Dubna, Russia

2South-West University “Neofit Rilski’’, 66 lvan Mihailov Str., 2700 Blagoevgrad, Bulgaria
3Institute of Electronics of Bulgarian Academy of Sciences, 72 Tzarigradsko Chaussee, 1784 Sofia,
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During manufacturing industrial components and units various technological operations are
used in order to improve materials and service properties and lifetime of the detail. One of the
important operations is welding which is a potentially beneficial fastening process for many
industrial applications as it reduces weight as well as saves cost. However during welding, a
substantial residual stress field may develop, as it necessarily involves large temperature gradients
from weld metal to bulk material. The welding thermal cycle generates inhomogeneous heating and
cooling in the regions near the heat source, thus causing residual stress in the weldment. It is well
known that welding residual stresses are detrimental to the integrity and fitness-for-service of welded
industrial structures due to their susceptibility to fracture criterion, fatigue, hydrogen-induced
cracking and stress-corrosion cracking. Thus, the quantitative measurement of welding residual
stress is very important for the safe and economical operation of various industrial structures.

Electron and laser beam welding have a number of advantages over conventional welding
techniques. Achieve the high energy density means that narrow welds and heat-affected zones (HAZ)
can be obtained [1]. Electron beam welding (EBW) gives high quality welds and it could be taken as
a reference welding method. In last years, it was also demonstrated that laser welding with a
powerful COz laser system can be successfully applied for various industrial applications. It should
be pointed out that all these methods give a satisfactory weld quality and heat affected zone size
(HAZ). For example, during the beam welding the temperature of the "to-be-tested" reactor vessel
material has to remain below the reactor operating temperature in order to avoid effects of annealing
that would induce changes in the material properties. Careful selection of the welding parameters and
optimization of the heat input allows reduction of the width of the weld and HAZ and allows one to
lower the maximum temperature in the specimens during welding.

In our recent studies [2-4] it was found that EBW demonstrates high quality of weld seams and
the lowest level of the residual stress as compared to other welding techniques. Apparently, this is
due to the small amount of introduced heat at the EBW process (4-5 times lower than, for example,
during arc stud welding), resulting in dramatically reduced deformation of the final product.
Therefore, the EBW technique can be widely used for various industrial applications. In order to
select suitable welding parameters and, consequently, optimal stress distribution in welded joints the
neutron diffraction method is of great importance providing nondestructive and precise residual
stress evaluation.
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Fig. 4. Photography of the welded gear. Right: photo made during the experimeht

In this study, non-destructive neutron diffraction method was used to determine residual
stresses in gearwheel car transmission. The sample is a wheel used in the gear box of sport cars. A
gear wheel has a protruding shaft. The disk is mounted on the shaft and welded by electron beam
welding. Then the weld area is subjected to final heat treatment. Residual strains and stresses
occurring during welding process have a strong impact on the performance properties of the detail.
Therefore it is necessary to perform post-weld heat treatment to reduce the welding residual stress, or
during welding process sequentially put two welds to compensate the stresses. Failure to execute
additional conditions lead to appearance of cracks delayed fracture in the weld or heat affected zone.
For this reason, knowledge of residual stress level and distribution is very important for electron
beam welding process optimization.

Therefore, the main aim of this work was the experimental determination of residual stress
distribution and microstructural changes in the gear wheel welded by electron beam using high
resolution neutron diffraction. Fig. 1 shows photography of the welded gear. The product is a toothed
wheel with a protruding shaft on one side. Disc is put on the shaft adjacent to the gear wheel and
welded by electron beam.

5001 —@- Radial /°
& —0-Axal 9
o /
400+ o
© (0]
o
o =
Gauge ¥ 300
Volume 3
n Qo
200- ]
0.3.
100 LI T T T T T T T T T T T T
4 2 0 2 4 6 8 10 12
X, mm
a) b)

Fig. 5. a) Scheme of residual stress measurement in gear wheel sample. b) Residual stress
distribution in the sample.
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The neutron diffraction method allowed evaluating the stresses distribution in the radial and
axial components of the circularly welded gear. Feature of this study was to carry out experiments to
determine the residual stress without destroying the sample. It should be noted that in later this detail
will be exploited in the real gearbox of a sports car and, therefore, its structural integrity is very
important. Analysis of diffraction peak broadening gives quite low level of residual microstrain,
which ensures the absence of cold cracking in the weld zone. The data will be useful for the analysis
of the performance of the built-in gear transmission for sports cars.

The experiments were performed on the FSD Fourier diffractometer at the IBR-2 fast pulsed
reactor in FLNP JINR (Dubna, Russia). Electron beam welding was carried out in Institute of
Electronics of Bulgarian Academy of Sciences (Sofia, Bulgaria).

Acknowledgements. The work was partially supported by RFBR (grant No. 15-08-06418 a)
and Bulgarian Nuclear Regulatory Agency.
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CRYSTALLOGRAPHIC PREFERRED ORIENTATIONS AND ELASTIC ANISOTROPY
OF SHEET SILICATE BEARING ROCKS

R. Vasin!, T. Lokajic¢ek?, T. Svitek?, H.-R. Wenk?
LJoint Institute for Nuclear Research, Dubna, Russia
2 Institute of Geology of the CAS

3 UC Berkeley

E-mail: olddragon@mail.ru

Studies of the elastic anisotropy of rocks are important for understanding the internal structure
of the Earth, seismology and earthquake physics, geophysical prospecting. Rocks containing sheet
silicates attract most attention. Sheet silicates are characterized by high anisotropy of elastic
properties, specific grain morphology and strong preferred orientations of grains. Due to high
penetration depth of thermal neutrons, these preferred orientations could be studied in bulk rocks.
Data analysis methods, such as that realized in the MAUD software [1] allow to extract from neutron
diffraction data preferred orientations of all minerals composing the rock, as well as mineral volume
fractions, crystallographic information. With sophisticated self-consistent routines, e.g., GeoMixSelf
[2] it is possible to include all the quantitative information on textures and morphological features of
rock into the model of its bulk elastic properties. Pores and cracks could also be accounted for. In
this contribution, we demonstrate the results of multimineral rock measurements on SKAT texture
diffractometer in Frank Laboratory of Neutron Physics (JINR, Dubna) [3]. Obtained data are used in
bulk elastic properties modeling that are compared with elastic wave velocities measurements at
different pressures [4]. From this comparison, important information on porosity could be derived. It
is shown, that the biggest source of discrepancy between the model and ultrasonic experiment are
uncertainties in single crystal elastic properties.

[1] Lutterotti L., Matthies S., Wenk H.-R., Schultz A. S., Richardson J.W. Combined texture and structure analysis of
deformed limestone from time-of-flight neutron diffraction spectra. J. Appl. Phys. (1997) 81, 594-600.

[2] Matthies S. GEO-MIX-SELF calculations of the elastic properties of a textured graphite sample at different
hydrostatic pressures. J. Appl. Cryst. (2012) 45, 1-16.

[3] Keppler R., Ullemeyer K., Behrmann J.H., Stipp M. Potential of full pattern fit methods for the texture analysis of
geological materials: implications from texture measurements at the recently upgraded neutron time-of-flight
diffractometer SKAT. J. Appl. Cryst. (2014) 47, 1520-1534.

[4] Lokajicek T., Svitek T. Laboratory measurement of elastic anisotropy on spherical rock samples by longitudinal and
transverse sounding under confining pressure. Ultrasonics (2015) 56, 294-302.
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PRECISE DETERMINATION OF MICROSTRUCTURAL CHARACTERISTICS FROM
REVERSE TIME-OF-FLIGHT NEUTRON DIFFRACTION DATA

R. Vasin!, A. Balagurov', I. Bobrikov', M. Leoni?, S. Sumnikov!
LJoint Institute for Nuclear Research, Dubna, Russia

2 DICAM, University of Trento
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Different microstructural peculiarities of materials — small crystallite size, dislocations,
stacking faults, etc. — are reflected in the shapes of diffraction peaks and could be studied with peak
profile analysis methods. During time, X-ray and synchrotron diffraction have posed themselves as
very good methods for the microstructure analysis due to their high resolution. High-resolution
neutron diffraction at both continuous (with monochromatic beam) and pulsed (with TOF technique)
sources also can be used for peak profile analysis. Our experience shows that new developments in
the correlation Fourier method (RTOF — reverse time of flight with fast Fourier chopper [1]) made
possible doing a precise profile analysis of diffraction peaks. Among positive features of this
technique are absence of long ‘tails’ of diffraction lines and practically constant Ad/d resolution in
wide d-spacing range.

In this contribution, we demonstrate the application of WPPM method [2] realized in the
PM2K software [3] to the analysis of HRFD (High-Resolution Fourier Diffractometer [1]) data of
several powder samples. Main challenges in the adaptation of the method and software to this
analysis were proper account for the HRFD resolution function [4] and non-Poisson statistics.
Neutron diffraction experiments and data processing in FLNP JINR within the framework of this
research are supported by RFBF project 14-29-04091.
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[4] Balagurov A.M., Kudryashev V.A. Correlation Fourier diffractometry for long-pulse neutron sources: a new concept.
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CARBON NANOSYSTEMS

EXPERIMENTAL ASPECTS OF INVESTIGATIONS OF FULLERENE SOLUTIONS
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2Institute of Physics and Technology, Mongolian Academy Sciences, Ulaanbaatar, Mongolia
3Petersburg Nuclear Physics Institute, National Research Centre “Kurchatov Institute”, Gatchina,
Russia

“Kyiv Taras Shevchenko National University, Kyiv, Ukraine

Nowadays, the third allotropic carbon compounds, called fullerenes, have been playing the
main role in various research areas. Particularly, the investigations of fullerene Ceso and C7o in
different solvents have grown up intensively due to their unique properties [1, 2]. A large number of
effects, such as cluster formation, solvatochromic effects, nonlinear dissolution properties etc., were
investigated in the last few years [4-6]. The kinetics of dissolution and cluster formation of fullerene
in different solutions by various methods are reported in the present work.

Small-angle neutron scattering is one of the most conventional methods for studying of the
nanostructures in fullerene solutions. The investigation of cluster size of fullerene C70 in CS2 solvent
were performed at the YuMO instrument of the IBR-2 reactor. The value of the gyration radius (Rg)
was evaluated from SANS data to be in the range of 3.32-5.56 A, depending on sample preparation
procedure. In general, the obtained Rg values are considered to be in close agreement with similar
experimental results [7] and theoretical estimates.

The kinetics of dissolution of fullerene in solutions weren’t completely explained so far. In our
previous work [6], the kinetics of dissolution were investigated for fullerene in non-polar and low
polar solvents. In the present work, we investigated kinetics of dissolution processes in Ceo/NMP
solutions of various concentrations at different temperatures and stirring speeds by UV-Vis
spectrometry. The modeled absorption peak values give the possibility of definition of kinetics of
dissolution. The obtained results will allow one in the future to take account of these effects while
modeling the kinetics of slow growth of large clusters in Ceo/NMP solutions.

[1] Beck M.T., Mandi, G., Fullerene Sci. and Technol., (1997), 5(2), 291-310.

[2] Avdeev, M.V., Khokhryakov, A.A., Tropin, T.V., Andrievsky G.V., et al., Langmuir, (2004), 20, 4363—4368.

[3] Andrievsky, G.V., Klochkov, V.K., Karyakina, E.L., Mchedlov-Petrossyan, N.O., Chem. Phys. Lett., (1999), 300,
392-396.

[4] Kyzyma, O.A., Korobov, M.V., Avdeev, M.V., Garamus, V.M., Petrenko, V.I., Aksenov, V.L., Bulavin, L.A.,
Fullerenes, Nanotubes and Carbon Nanostructures, (2010), 18, 458-461.

[5] Tropin, T. V., Jargalan, N., Avdeev, M. V., Kyzyma, O. A., Sangaa, D., Aksenov, V. L., Physics of the Solid State,
(2014), 56, 148-151.

[6] Jargalan, N., Tropin, T. V., Avdeev, M. V., Aksenov, V. L., Journal of Surface Investigation: X-ray, Synchrotron and
Neutron Techniques, (2015), 1, 16-20.

[7] Affholter, K.A., Henderson, S.J., Wignall, et al., J. Chem. Phys., (1993), 99: 9224,
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DETONATION NANODIAMONDS IN AQUEOUS SUSPENSIONS BY SANS

O. Tomchuk
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A continuous spatial transition from sp3 (bulk) to sp2 (surface) carbon structure in detonation
nanodiamond (DND) is proposed on the basis of small-angle neutron scattering (SANS) analysis.
The SANS contrast variation on DND dispersed in different liquids (water, dimethylsulphoxide)
reveals the same shift in the mean scattering length density (SLD) of DND towards the lower value
as compared to pure diamond (sp3 state of carbon), which is related to the presence of a non-
diamond component in the DND structure. Carbon at the DND surface is characterized by the
graphitic sp2 state, which means that there should be some spatial transition from sp3 to sp2 states
within the particle volume. Assuming the ‘core-shell’ structure of quasi-spherical and polydisperse
DND particles, which suggests a sharp boundary between the diamond ‘core’ and graphite ‘shell’ (30
vol. % as revealed from the mean SLD shift), and taking into account the experimentally found
particle size of 7 nm, one obtains reasonable 0.4 nm for the thickness of the graphite shell. At the
same time, the diffusive character of the particle surface is deduced basing on the deviation from the
Porod law. This suggests a more complex modulation of the sp3—sp2 transition as compared to the
‘core-shell’ representation. As a result, the continuous (without any strict boundary) SLD profile of
the power-law type describing the diffusive surface is concluded. Still, a specific feature of the
profile at the particle boundary reflects that non-diamond states are concentrated mainly close to the
particle surface, which explains quite good precision of the ‘core-shell’ approximation with respect
to the mean SLD. The found transition is consistent with the previous data of ab initio computer
simulations for diamond nanocrystals (size up to 3.3 nm) which showed that the most stable
structures require the existence of sp2+x bonds over the crystalline volume.
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COMPUTATIONAL STUDTIES

STRUCTURAL PROPERTIES OF ELASTOMERIC MEMBRANES BASED ON SILICONE
RUBBER USING SMALL-ANGLE NEUTRON SCATTERING
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The morphology of elastomeric membranes based on silicone rubber, at various concentrations
of the catalyst (C) is determined by small-angle neutron scattering (SANS) technique. In the
investigated g-range, nearly all membranes display a hierarchical organization of crystallites in
which ramified mesoscale mass fractals are composed of either mass or surface-like fractals
nanoclusters. We use the Beaucage model in order to extract information about the fractal
dimensions of the clusters. We show that the fractal dimension of the mesoscale fractal is fixed at
and is independent with the addition of C. However, the nanoscale fractals are characterized by a
transition from mass to surface-like fractals at high values of C concentrations.

SCATTERING FROM SURFACE FRACTALS

Yu. Cherny*, E. M. Anitas, V. A. Osipov and A. I. Kuklin
Bogoliubov Laboratory of Theoretical Physics

E-mail: cherny@theor.jinr.ru

It is shown that small-angle scattering (SAS) from surface fractals can be explained in terms of
the power-law type polydispersity. The power-law decay of the scattering intensity I1(q) « gPs76,
where 2 < Dy < 3 is the surface fractal dimension of the system, is realized as a non-coherent
superposition of three-dimensional objects obeying a power-law distribution dN(r) o« r~*dr, with
Dy = t — 1. The distribution is continuous for random fractals and discrete for deterministic surface
fractals, since the deterministic fractals are shown to be constructed as a sum of deterministic mass
fractals of subsequent iterations. As an example, the surface fractal is constructed by means of
superposition of three-dimensional mass Cantor sets and its fractal scattering properties are studied.
We suggest the two-dimensional version of the Cantor surface fractal and of the Koch snowflake.
The present analysis allows us to extract additional information from SAS data, such us the edges of
the fractal region, the fractal iteration number and the scaling factor. We derive an analytical
expression for the radius of gyration of three-dimensional Cantor surface fractal.
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TO THE QUESTION OF CONFORMATIONAL EQUILIBRIUM AND POLYMORPH’S
STATES IN THE SOLID STATE AND UNDER THE MATRIX CONDITIONS
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The nitro derivative of ortho-hydroxy acetophenone has been studied by experimental and
theoretical methods. Two polymorphic forms of this compound have been obtained by evaporation
of polar and non-polar solutions. Both polymorphs have been investigated by Infrared (IR), Raman,
Incoherent Inelastic Neutron Scattering (IINS), X-ray, differential scanning calorimetry (DSC) and
density functional theory (DFT) methods. In one of the polymorphs the existence of a phase
transition has been shown by DSC method. The potential energy curves on rotation and
isomerization have been calculated by DFT calculations for estimation of barriers of the
conformational change and adjustment. A complete spectral analysis of vibrational spectra has been
accomplished. The infrared spectra have been measured in a wide temperature range in order to
reveal the spectral bands most sensitive to a phase transition. The dynamics of the nitro group and its
affect on the crystal state of the studied compound have been analysed. On the basis of the
abovementioned studies the nature of the phase transition has been explained.
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LAYERED NANOSTRUCTURES

STRUCTURAL AND PHASE CHARACTERIZATION OF POROUS CO/PD
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The development of information and communication technologies requires increasing the
efficiency of data storage. At the moment, one of the main strategies in storage technology is
perpendicular magnetic recording utilizing materials with perpendicular magnetic anisotropy (PMA).
Due to the growing demand for storage volumes, a continuing trend of reducing the size of the unit
cell memory is observed the last few years. However, this approach inevitably faces the problem of
so called superparamagnetic limit — undesirable thermally-induced fluctuations of magnetic moment
when unit cell size falls below 10 nm. That is why a search of new technologies to overcome this
limit is the important research challenge in data storage field nowadays. One of the most promising
approaches is when the recording medium is formed not by the separated islands of the magnetic
material (bits of information) but by the magnetic domains that are created and localized by
perforating continuous exchange-coupled magnetic films with PMA. The orientation of magnetic
moments is additionally supported by its pining on defects (holes of a magnetic film). The planar
magnetic systems based on this effect are denoted as “antidots™ [1, 2].

Our research is focused on study of Co/Pd multilayered antidot arrays with perpendicular
magnetic anisotropy of prepared by template-assisted thermal evaporation on porous TiO2 wafers.
Two kinds of  porous and continuous Pdi0 nn/[C00.3 nm/Pd1 nm]15/Pd2 nm and
Pd10 mm/[C00.3 nm/Pdo.55 nm]15/Pd2nm films with 10 nm Pd seed layer and 2 nm Pd protective cap layer
were synthesized on porous TiO2 templates and Si/SiO2 smooth wafers in order to determine the
effect of the porous morphology on magnetic properties. Using various magnetic techniques
(SQUID, magnetic resonance spectroscopy, magnetic force microscopy) it was established that both
porous and continues Co/Pd MLs possess perpendicular magnetic anisotropy with effective uniaxial
anisotropy constant over 1.5x10° J/m? typical for [(Co, Fe) — (Pt, Pd)]. MLs [1].

Structural and phase characterization were made by scanning electron microscopy (SEM) using
HITACHI S-4800 at voltage of 15kV, X-ray reflectivity (XRR) and X-ray diffraction (XRD)
performed with two-circle laboratory diffractometer (Panalyical X'Pert Pro) equipped with
PW3050/60 vertical goniometer and PW3383/00 X-ray tube (2.2 kW, Acu = 1.54056 A).

SEM images of initial TiO2 template (Fig. 1a) and porous Pd/[C00.3 nm/Pd1 nm]/Pd (fig. 1b and
Ic) multilayers demonstrate tubular structure of anodized TiO2 and porous structure of Co/Pd ML
that reflects nanoporous structure of the template. According to SEM results the inner diameter pores
in TiO2 template was ~ 30 nm while the diameter pores in Pd/[C00.3 nm/Pd1 nm]/Pd sample is ~ 20 nm.
Also the fig. 1c shows fine granular structure of Co/Pd ML.
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Figure 1 — SEM images of porous TiO2 template (a), Pd/[C00.3 nm/Pdi nm]/Pd film deposited on
porous TiO:2 (b) and its high magnification image illustrating granular structure of the multilayer

surface (c).

So as XRD patterns of Co/Pd MLs reveal the presence of both Pd and CoxPdioo-x alloy with
cubic fcc structure we suppose that Co is diluted in Pd lattice forming a compound structure (quasi-
alloy or solid solution) with alternating Co:Pd ratio along the growth direction of MLs. This
assumption is confirmed by the XRR results obtained for reference continuous ML films on Si/SiO2
wafers. The XRR patterns showed typical Kiessig fringes arising from the finite thickness of the
multilayers and were fitted by Parrat algorithm [3]. The model based on nominal thicknesses of Pd
and Co films showed that the roughness of both interfaces is larger than the nominal thickness of
films, most likely due to diffusion of Co atoms into Pd films during the deposition and formation of
the CoPd quasi - alloy. Therefore we assumed that the whole stack of Co/Pd films consists of CoPd
alloy with thickness equal to the thickness of 15 deposited Co/Pd bilayers.

Thus, present results of structure and phase characterization of porous Co/Pd MLs revealed its
compound structure representing CoPd quasi — alloy with alternating metal ratio along the growth
direction. Unfortunately X-ray methods are quite uncertain to describe the precise distribution of Co
and Pd atoms along the growth direction of MLs playing the decisive role in forming of magnetic
properties and specifying perpendicular magnetic anisotropy. We suppose that polarized neutron
reflectometry will be able to reveal the peculiarities of local atomic order as well as magnetic
moments arrangement in order to improve the technique of preparation of antidot magnetic arrays for
perpendicular magnetic recording.

[1] C. Schulze, M. Faustini, J. Lee, H. Schletter, M. Lutz, P. Krone, M. Gass, K. Sader, A.L. Bleloch,
M. Hietschold et.al. // Nanotechnology. 2010. V. 21. P. 495701-1.

[2] M. T. Rahman, N. N. Shams, C. H. Lali, J. Fidler, and D. Suess // Phys. Rev. 2010. V. B 81. P.
014418

[3] L.G. Parratt// Phys. Rev. 1954. V. 95. P. 359.

113
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Small-angle neutron scattering (SANS) is a valuable technique for studying nanostructures,
which characteristic structural features lies mostly in the interval of 1-100 nm.

In the present paper, for the first time a small-angle neutron scattering (SANS) investigation of
the titanium based materials deposited on different substrates and conditions by the TVA method is
reported.

Thin film deposition process by thermionic vacuum arc (TVA), an original discharge type in
pure vapor plasma, might become one of the most suitable technologies to significantly improve the
tribological properties of the surfaces covered with different materials. Due to the deposition in high
vacuum conditions and without buffer gas, the films have a high purity, increased adhesion, low
friction, low roughness, and a compact nanostructure. Titanium based thin films are envisaged for
surface coatings applications requiring low roughness, good smoothness and low friction coefficient.

In Fig.1 the scattering curve from Ti-Ag deposited on a special substrate required by specific
industrial applications (OLC 45-stainless steel with 45 percent of carbon inside) is presented.
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Fig.1 Experimental SANS from Ti-Ag layer and the model curve fittings with FITTER program: (i)
experimental data in the range of 0.01 A'< Q <0.3 A™' (black squares); (ii) triaxial ellipsoidal core-shell fit
(red line): another triaxial ellipsoidal core-shell fit (green line)

The preliminary analyzes of the experimental data have shown that the characteristic SANS
contribution from the Ti-Ag layer in the range of 0.01 A'< Q <0.3 A™! reveals different sized
nanostructures (see Fig.1). This result indicates promising perspectives for future investigations.

Acknowledgments. This work was supported by the JINR-Romania Scientific Projects Nos.

33/23.01.2015 items 48, 25 and 34/23.01.2015 items 47, 24.

114
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Neutron depolarization of magnetic state of spring exchange interaction nanocomposites based
on NdFeB is carried out. It is detected a different behavior for magnetically soft and rigid
nanocomposite. Magnetically hard nanocomposite exhibits coercive force equal to field of maximal
neutron depolarization and for soft one a maximal depolarization field has value smaller than
coercive field. Conclusion is made that it is connected with different magnetization regime and it is
important for realization of spring regime. It was carried out also magnetic measurements using
vibrating sample magnetometer and X-ray diffraction in order to evaluate the crystallographic phases
involved in relationship with the magnetic behavior.

Neutron experiments revealed a ratio between anisotropy field and coercive field of 0.85 which
indicates the possibility of the increasing of the magnetic properties by the increasing of the coercive
field.

Both, the neutron experiments and classic magnetometry experiments confirmed the existence
of the two crystalline phases, evidenced by X-ray diffractometry, being a soft and a hard magnetic
phases. The magnetic domains were found to be in order of few microns in relationship with the ratio
of 0.85 between the anisotropy and coercive field.

By neutron experiments were evidenced exist islands (with not big volume concentration) with
induction 5.2 T, but they not contribute to the global magnetic properties, as it was evidenced by
magnetometry experiments. It remains to investigate further, if they are assumed with some
particular crystalline phases.

[1] O. Halpern and T. Holstein, On the passage of neutrons through ferromagnets //Phys. Rev. 59 (1941) 960.

[2] M. Rekveldt, Neutron depolarization in magnetic materials /Neutron News, Vol. 4, No. 4 (1993) 15-19.

[3] V.L. Aksenov, E.B. Dokukin, Yu.V. Nikitenko. Neutron depolarization investigations of high-temperature
superconductors in the mixed state //Physica B 213&214 (1995) 100-106.
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MAGNETIC AND LATTICE EXCITATIONS

TRANSITION FROM SPIN GLASS TO FERROMAGNETIC STATE: INFLUENCE ON
TRANSPORT PHENOMENA IN SOME CR DOPED MANGANITES
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The presence of the multiple electronic states in the magnetoresistive manganites plays an
important role in their dependence with the intensity of magnetic field and temperature. Our aim is to
establish the correlations between the transition from spin glass to ferromagnetic state on transport
phenomena in Cr doped manganites, by using neutron diffraction, small-angle X-ray and neutron
scattering (SAXS/SANS). Neutron diffraction has been performed at room temperature, and SAXS
and SANS measurements were performed in the range 258 + 353 K (H = 0). The variation of the
molar magnetization and of the resistance with temperature and intensity of the applied magnetic
field were determined by using a Foner type magnetometer and, respectively, the four probes method
between 77 and 400 K, at Hmax=1 T.

We observed a monotonous decrease of the lattice constants and of the unit cell volume with
the increase of the Cr concentration. Variation of molar magnetization with temperature at relatively
low magnetic fields shows a dependence on the thermal history of the samples, attributed to the
transformation from the ferromagnetic to spin glass state. A large variation of the resistance with the
magnetic field intensity was observed near room temperature for all investigated manganites.

For samples with x = 0.05, 0.10, 0.15 and 0.20, the SANS data allows us to obtain the volume
fraction of the magnetic phase using the Porod invariant. An interesting behavior can be observed for
x = 0.15 sample, where we obtain the power-law decay scattering exponent a =~ 2 for T = 293 K,
which indicates the formation of 2D disk-like structures. We found that for x = 0.00, 0.05 and 0.20 at
T =343 K, we have o = 1 and show that the magnetic nano-domains have a 1D rod-like shape with
the radius in the range 2.5 — 5A and the height in the range 40 — 60 A. For these concentrations the
general characteristic is that a decreasing of the temperature determines a slight increasing of the
scattering exponent o, which indicates that the rod-like magnetic structures expand to form worm-
like structures.

Summary

The La0.54H00.11Sr0.35Mn1-xCrxO3 manganites were synthesized by sol-gel method and
investigated by neutron diffraction, small-angle X-ray and neutron scattering (SAXS/SANS).
Magnetic and resistance measurements were performed with a Foner type magnetometer and,
respectively, the four probes method.

For all the samples was observed, by using SANS data, a change of the volume of the magnetic
phase with the temperature. The samples corresponding to x=0.00, 0.05 and 0.20 have a 1D rod-like
shape, which expand to a worm-like structure with the decrease of the temperature.
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MOTION IN [Ca(H20):](ReQO4): STUDIED BY NEUTRON SCATTERING METHODS

J. Hetmanczyk, L. Hetmanczyk

Jagiellonian University, Faculty of Chemistry, Ingardena 3, 30-060 Krakéw Poland
Joint Institute for Nuclear Research, Dubna, Russia

E-mail: joanna.hetmanczyk@uj.edu.pl

Diaquacalciumrhenate(VII), with the formula: [Ca(H20)2](ReO4)2, is a particularly interesting
molecular material, because of the occurrence of reorientational motions of the H20O ligands. At
room temperature, (RT) diaquacalciumrhenate(VII) crystallises in the centrosymmetric monoclinic
system (space group C2/c, No. = 15) with the unit cell parameters: a = 18.8975(2) A, b = 7.0720(2)
A, ¢c=14.19102) A, a = B = 900, y = 115.380 and with eight molecules per unit cell (Z = 8) [1,2].
The polymorphism of the mentioned above compound was investigated by us by means of
differential scanning calorimetry. One reversible phase transition has been found at: Tc = 261.6 K
(on heating) and Tc = 235.5 K (on cooling). Vibrational-reorientational dynamics of H20 ligands
and ReOs- anions in the high- and low-temperature phases of [Ca(H20)2](ReO4)2 was investigated by
Fourier transform middle and far-infrared spectroscopy (FT-MIR and FT-FIR), Raman Spectroscopy
(RS) and quasielastic and inelastic incoherent Neutron Scattering (QENS and IINS) methods. FT-IR
and FT-RS measurements showed that bands associated with H2O vibrations modes narrow
continuously with temperature decreasing. From the temperature dependence of FWHM of the bands
connected with v(HOH) in Raman spectra and rocking(H20) mode in infrared spectra, we can
conclude that the reorientational motions of H2O ligands do not contribute to the phase transition
mechanism. The ligands perform fast (t » 107!'-1071? s) stochastic reorientational motions in the high
and low temperature phases I and II. The estimated mean value of activation energy for the
reorientation of the H20 ligands is ca. 11.1 kJmol™' from Raman spectroscopy and 11.6 kJmol! from
infrared spectroscopy.

The aim of the present study is to find connections between the previously recorded phase
transition on one hand and eventual changes in the rate of stochastic reorientational motions of the
H20 ligands, or a change of the crystal structure, on the other, by means of inelastic/quasi-elastic
incoherent neutron scattering (IINS/QENS) and neutron powder diffraction (NPD) methods. The
incoherent inelastic/quasielastic neutron scattering spectra as well as diffraction patterns were
measured using the time-of-flight method on a NERA spectrometer [3] at the high flux pulsed
reactor IBR-2 in Dubna (Russia) at temperatures: 5, 200, 250 and 295 K.

The G(v) functions was calculated in the one-phonon-approximation from the time-of-flight
IINS spectra [4] of [Ca(H20)2](ReO4)2. The G(v) spectra obtained at 295 K are very diffused,
because of a dynamical disorder of H2O molecules connected with their fast molecular
reorientational motions. The G(v) spectra obtained for the low temperature phase at temperatures 5 K
show some separate peaks characteristic for an ordered phase.

In order to support and compare with experimental data the theoretical spectra were predicted
by DFT calculations. The total energy optimization and the frequency calculations were performed
basing on the periodic density functional theory (DFT) method implemented in the CASTEP code
[5,6]. Exchange and correlation parts were approximated using the generalized gradient
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approximation (GGA) at PBE functional. Norm-conserving pseudopotentials were used with a plane
wave cut-off energy of 800 eV. The initial unit cell optimized in CASTEP periodic boundary
condition calculations for [Ca(H20)2](ReO4)2 compound, was constructed based on the X-ray single
crystal diffraction data [2,3]. The aCLIMAX software [7] was used to determine the intensities of
transition obtained from DFT calculations. Next, these intensities (Dirac delta function) were
convoluted with a resolution function characteristic for NERA spectrometer and converted to density
of states with the help of the RES program [8]. Using three complementary methods (IINS, IR, and
RS) all characteristic frequencies of the internal vibrations of H2O and ReOs- and external vibrations
were detected. We have obtained good agreement between calculated and experimental spectra.

The neutron scattering (IINS, QENS) studies performed with NERA time of flight
spectrometer in the temperature range of 5-295 K did not give the evidence of fast (correlation time
t < 10-11 s) stochastic reorientational motions of H2O (180° flips) ligands in high and low
temperature phases. The QENS peak, registered at 250 and 200 K, does not show any broadening.
However, a very small quasi-elastic broadening is visible in the QENS spectra at 295 K. We suspect
that this broadening may be connected with picoseconds reorientational jumps of H20O molecules
around their two fold symmetry axis.

The neutron diffraction pattern NPD (measured simultaneously with the IINS/QENS spectra)
at 295 K is nearly exactly the same as that at 250 K, which implies that the phase transition at Tc
does not display a structural character. The space group is the same for high and low temperature
phases.
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The properties of lithocholic acid (LCA) are reported [1]. This is a natural carboxyli acid
which is characterize by the presence of saturated cyclopenthanoperhydrophenantrene ring in rigid
core. This compound possess the 3-position hydroxyl groups of R-configuration.

Phase situation and enthalpies of phase transitions were characterized using differential
scanning calorimetry (DSC), polarizing optical microscopy (POM) and transmitted light intensity
(TLI). Derivatography method was used to determine the thermal stability of the sterol (Fig.1.) [2].

Neutron characteristic of stability of crystal and glass phases and dynamics of selected
functional groups was obtained by incoherent inelastic neutron scattering (IINS) and neutron powder
diffraction (ND), by using NERA spectrometer, working at IBR-2 pulsed reactor at Joint Institute for
Nuclear Research [3].

It has been proven that the LCA is thermally stable up to 250°C. The liquid phase undergoes
cooling down to the metastable glass state of very long relaxation time — more than a year. Infrared
spectroscopy studies revealed the differences between the stable (crystal) phase and the glass state.

[1]. W. Nes, “Analysis of Sterols and Other Biologically Significant Steroids”, ISBN 0323154441, Elsev., 2012.

[2]. A. Rudzki, M.D. Ossowska-Chrusciel, M. Ordon ,,Thermal analysis and simulation model of natural lithocholic
acid”, J Therm Anal Calorim, DOI 10.1007/s10973-015-4656-3, 2015.

[3]. A. Szyczewskia, K. Holderna-Natkanieca, “Progesterone and testosterone studies by neutron scattering and nuclear
magnetic resonance methods and quantum chemistry calculations”, Journal of Molecular Structure 693, 2004, pp. 49—
71.
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The oxide ferroelectrics has become a subject of extensive scientific research due it shows
interesting ferroelectric, pyroelectric, piezoelectric and nonlinear optical properties for an application
in various electric devices, such as transducers, actuators, capacitors or ferroelectric random access
memory. The polar phase in an oxide ferroelectrics can be changes well by the application of high
pressure, which is direct method of controlled variation of physical properties by means of variation
of interatomic distances and angles.

The alkaline niobates exhibits an unusually large number of interesting physical phenomena
like as ferroelectricity, antiferroelectrisity or relaxor properties, complex sequence of temperature
and pressure driven structural phase transitions and as result the rich contented phase diagrams. In
comparison with conventional ferroelectrics, pressure behavior of a NaNbO3 remains poorly
explored. In order to study in detail the high pressure effects on the crystal structure and vibrational
properties of antiferroelectric NaNbO3, we have performed the powder X-ray, neutron diffraction,
and Raman spectroscopy experiments in the 0 — 30 GPa pressure range.

The antiferroelectric NaNbO3 has an orthorhombic structure with Pbcm symmetry. Our results
demonstrate the application of high pressure leads to successive structural phase transitions in
sodium niobate, accompanied by anomalies in pressure behavior of lattice parameters and different
vibrational modes.

The work has been supported by the RFBR grant Ne14-02-00948-a.
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The acentric building blocks of metal oxide fluoride anions (MeO2F4)* give the possibility to
prepare functional materials with important physical properties as ferroelectricity, ferroelasticity,
piezoelectricity, second order non-linear optical behavior, etc. The aforecited physical properties can
be realized in initial phase, or they can appear as the result of phase transitions, that is important for
many practical aims [1].

(NH4)2WOz2F4 has phase transitions Go—Gi1—G2 at temperatures Tc1=201 K (Go—G1) and
T2=160 K (Gi—G2) [2,3]. Crystal structure of Go phase is known as orthorhombic with sp. gr.
Cmcm, Z=4 and lattice parameters a=5.9292(3), b=14.3940(7), ¢=7.1351(3) A [3,4]. The crystal
structure of (NH4)2WO2F4 at 133 K in G2 phase has triclinic unit cell with sp.gr P-1, Z=4 and lattice
parameters a=5.9013(4), b=14.1993(9), ¢=7.7162(5), 0=90.022(2), p=112.466(2), y=89.999(2)° [4].
Atomic positions, except hydrogen, were determined by single crystal x-ray diffraction at 238 K, and
the structure has two crystallographically independent ammonium groups [3].

(NH4)2MoO:2F4 undergoes phase transitions Go—G1—G2 but at temperatures Tc1=270 K (Go—
G1) and Te2=180 K (G1—G2) [6]. (NH4)2M0O2F4 has at room temperature the crystal structure for
phase Go similar to that of (NH4)2WO:2F4: sp. gr. Cmcm, Z=4 and lattice parameters a=5.9592(5),
b=14.467(1), c=7.0992(5) A [7]. Crystal structure of (NH4)2Mo0O2F4 in phase Gi determined at
T=233 K is suited to sp.gr. Pnma, Z=4 with lattice parameters a=7.1374(6), b=5.9090(5),
c=14.292(1) A [8]. Thus ionic radii of Mo (0.6 A) and W (0.59 A) are closed but physical properties
have significant difference. Crystal structures of these compounds at room temperatures are similar,
have two crystallographically independent ammonium groups N1 and N2 with the environment ten
and eight O(F) atoms, respectively. Thus each ammonium ion, N1H4 or N2Ha4, occupies individual
potential well and has individual librational energy. The influence of metal atom, W or Mo, on
librational energies of ammonium ions could be observed by means of inelastic incoherent neutron
scattering (IINS).

Earlier the study of oxyfluoride (NH4)2WO2F4 by the IINS was carried out on HRMECS
spectrometer, ANL (USA), for the investigation of peculiarities of phase transitions from 10 to 300
K at normal pressure [9]. The report contains results of obtained values of ammonium libration
energies for both compounds, which can explain difference in Tc1 and T2 transition temperatures for
(NH4)2WO:2F4 and (NH4)2MoO:zF4 respectively.
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Ferrofluids, ultrastable dispersions of magnetic nanoparticles in liquids, find a wide range of
applications in many technical and industrial fields, as well as in medicine and biotechnology.

Nowadays researches on developing ferrofluids with new types of particles, new synthesis
methods, increased particle concentration, using different stabilization methods and compounds are
in progress [1]. Water-based ferrofluids present the most complex microstructural behavior and their
properties improvement represents an important challenge in this field.

The knowledge about the microstructure of ferrofluids is very important to understand and
control the mechanisms of their stabilization. The non-ionic ferrofluids in contrast to the ionic ones,
often show the presence of aggregates in their structure even at low particle concentration and in the
absence of the magnetic field. These factors diminish the long-term stability of the ferrofluids.

In the present paper results on the structure investigation of several water based ferrofluid
samples by means of small angle neutron scattering (SANS) and transmission electron microscopy
(TEM) are presented and discussed.

[1] M. Balasoiu, O.I. Ivankov, D.V. Soloviov, S.N. Lysenko, R.M. Yakushev, A-M. Balasoiu-Gaina, N. Lupu, J.
Optoelectron. Adv. Mater. 17(7-8), 1114-1121 (2015).
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Magnetic elastomers (ME's) are specific classes of smart substances composed from elastomer
matrices filled with ferromagneric nanoparticles responding in a complex way to the changes of
external conditions.

The synthesis and the study of structure and physical properties of these advanced materials
combining the functional properties of highly elastic polymers and ferromagnetic substances should
be considered as a perspective way to provide the understanding on the construction principles of a
wide class of materials for electronics, electrical engineering, medicine, aero and cosmic industries.

Earlier investigations have analyzed, by means of small-angle neutron scattering method,
subtle structural features of the polymeric matrix and the ensemble of embedded ferroparticles as
resulting from the conditions of preparation of ferroelastomers by the variation of ferroparticle
concentration and the strength of a transversal external magnetic field applied during polymerization
[1,2,3].

A detailed analysis of g-dependencies of scattering intensity for matrix enabled us to built a
two-level model structure and related scattering function:

(@) =1y exp[—~(aRy ) / 3]+ | o [1+ (AR.)* T (1)

Here the first Guinier — term describes the large scale inhomogeneities (domains, radius

gyration Rg), and the second Debye-term is related to the smaller globular objects (domains) with

correlation radius Rc. The coefficients Io1 and o2 are proportional to the squared contrast factors,

volume contents and characteristic volumes of corresponding objects. This model function
approximates the data for matrix satisfactory (Fig.1) with parameters given in Table 1.

I, arb. units
||:|" -

Fig.1. Scattering intensities I(q) vs.
momentum transfer q for matrix P1 (1)
and ferroelastomers Pi2-Pis (2-5) with
high content of magnetite (synthesis in
magnetic field perpendicular to the plane
of polymer film). The beam is orthogonal
~ to the plane of sample. Lines are the
e approximation functions for matrix (1)
and ferroelastomers.
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Table 1. Parameters of functions (1) for elastomer matrix.

Ne of | B, Gauss Lo1, Ra, Lo210°, R,
sample arb.un. nm arb.un. nm
P 0 0.487+0.002 | 39.3+0.1 | 4590 +60 | 6.37+0.04

Due to the increasing of the scattering intensity for the matrix with the decrease of q, effects of
the structural arrangements of the particle assemblies inside the matrix are not evident at momentum
transfer smaller than 0.4 nm™. To try to decrease the scattering intensity for the elastomer matrix,
synthesis procedure was changed.

In the present paper results on the microstructure properties of several elastomeric matrices
investigated by means of SANS are discussed.

[1] M. Balasoiu, V.T. Lebedev, D.N. Orlova, I. Bica, Crystallography Reports 56(7), 93-96 (2011).

[2] M. Balasoiu, I. Bica, Yu.L. Raikher, E.B. Dokukin, L. Almasy, B. Vatzulik, A.I. Kuklin, Optoelectronics and
Advanced Materials — Rapid Communications, 5(5), 523-526 (2011).

[3] M. Balasoiu, V.T. Lebedev, 1. Bica, Yu.L. Raikher, in ,,Actual problems of condensed matter physics”, Ed. Yu.M.
Raikher, ISBN 978-5-7691-2418-1, Perm, 106-115 (2015) (Russ.)
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E. Puscasu!, L. Sacarescu?, A. Domocos!', R. Turcu®, C. Leostean®, D. Creanga', M. Balasoiu*®

1»*Alexandru loan Cuza” University, Physics Faculty, lasi, Romania

2““Petru Poni” Institute of Macromolecular Chemistry, lasi, Romania

3 National Institute of Research and Development of Isotopic and Molecular Technology, Cluj,
Romania

4 Institute of Nuclear Research, Dubna, Russian Federation

®>Horia Hulubei National Institute for Physics and Nuclear Engineering, Bucharest, Romania

Magnetic nanoparticles (MNPs) in colloidal suspensions were prepared using ferric and ferrous
salt precursors according to classical chemical route of co-precipitation in alkali reaction media [1].
Oleate ion from oleic acid was used to develop hydrophobic coating shell for ferrophase stabilization
in  hydrophobic medium (P1);
sodium oleate was used to yield
hydrophylic coating of MNPs in
colloidal aqueous suspension (P2).
XRD analysis revealed typical
spinel structures in both samples
with all characteristic peaks while
VSM shown dominant
superparamagnetic properties.
Polydispersed but fine granulated
iron oxide with rather symmetrical
particle shape resulted from TEM
data for Pl while some

22 T b e aa ag A asymmetrical structures appeared
Log{s} in P2. SAXS investigation of the
Fig. 1. Microstructural investigation on MNP samples two diluted suspensions (Fig. 1)

evidenced average values of about
7 nm (P1) and respectively 10 nm (P2) in good agreement with TEM measurements and ensuring
good stability in suspension. The interpretation of different particle symmetry was based on coating
shell arrangement differences, i.e. single oleate layer in hydrophobic colloidal MNPs compared to
double oleate layer in hydrophilic MNP sample. In this latter case coated particle interaction seems
to be favored resulting in some clusters with character of mass fractals (2.4 fractal dimension) as
shown from SAXS data analysis. Various applications in technical and biomedical field could be
designed based on the MNP samples stabilized with oleate since its biocompatibility was
demonstrated in literature [2].
Acknowledgement: this research was supported by the JINR-UAIC Scientific Projects Nos.
33/23.01.2015 items 57,58 and 34/23.01.2015 items 56, 57.

[1] Massart, R. (1981). Preparation of aqueous magnetic liquids in alkaline and acidic media, IEEE
Trans. Magn., 17 (2): 1247-1248.

[2] Sun J, Zhou S, Hou P, Yang Y, Weng J, Li X, Li M (2007). Synthesis and characterization of
biocompatible Fe3O4 nanoparticles. J. Biomed. Mater., Res. A., 80(2):333-341.2.
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The protein cage of ferritin, iron storage protein with external diameter of 12 nm, has been
shown to be asuitable environment for magnetite (Fe3Os), or maghemite (y-Fe2O3) controlled
synthesis, enabling formation of magnetoferritin bio-complex. The structure of magnetoferritin in
aqueous solution was investigated by powerful small-angle X-rays (SAXS) and neutrons (SANS)
scattering for different loading factors (average number of iron atoms per complex). The
magnetoferritin shell with loading factor higher than 160 has exhibited partial destruction as
compared to the native hollow state of apoferritin [1,2]. These changes were followed by the increase
of size and structural polydispersity and the change of match points in the SANS contrast variation
with the loading factor growth [3]. It could be expected that the structure and stability of the
magnetoferritin package was changed due to the specific effect of iron oxides in the core.
Magnetoferritin was able also to reduce the size and amount of lysozyme amyloid fibrils that was
confirmed using SAXS method and fluorescence spectroscopy [4]. Detailed structural research of
magnetoferritin aqueous solution with superparamagnetic behavior is important due to the high
possibility of applications in the biomedical field of science (e.g. a contrast agent in radiology, a drug
carrier in the targeted transport, or a standard in diagnostics of various diseases).
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Ferrofluids (FF) are colloidal system of magnetic nanoparticles with solvents of different
polarity. In such systems layers of surfactants are frequently used for stabilization of magnetic
nanoparticles. Great interest to these systems is related with possibility of their use for controlled
drug delivery, diagnostics and treatment of various diseases, for example cancer. For the moment,
synthesis of stable biocompatible FF with pre-defined properties is quite big problem. Therefore, the
study of biocompatible FF is of great interest. At the same time behavior of magnetic nanoparticles
in the bulk and at interfaces can be very different due to specific adsorption properties, which should
be considered in a variety of applications. It also remains an open question regarding to the possible
differences in the stability of magnetic fluids in bulk and at interfaces.

The main aim of this work was to obtain structural parameters of biocompatible ferrofluids and
to study of FF stability in the bulk and at the interface. Information about the structure of FF in bulk
was obtained from small-angle neutron scattering experiments. Neutron reflectometry experiments
were done to investigate behavior of magnetic fluids with different solvents (polar and non-polar) at
the interface with silicon. It was shown that only single magnetic nanoparticles, coated by surfactant
molecules, are adsorbed to the surface of the silicon from bulk of ferrofluids for both solvent type.
Impact magnetic field parallel to interface is not detected. It was checked of influence of gravity on
the adsorption properties of magnetic particles. X-ray reflectometry makes it possible to study free
liquid surfaces or interfaces air/FF. Some additional particles organizations were observed at air/MFs
interface only for low concentrated fluids. It was found that structural organization of nanoparticles
at the interface air/ MFs dependent on concentration of magnetite in initial MF. The biggest effect on
additional particles organization near surface is observed for perpendicular magnetic field.
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Pure LiNio.sMn1.504 and doped spinel cathode materials LiNio.s.xMni.5.yMx+yO4 (M = Co, Cr,
Ti; x+y=0.05) were prepared by mechanochemically assisted solid state synthesis using a high-
energy AGO-2 planetary mill followed by annealing at 700 and 800 °C. The samples were
characterized by X-ray and high resolution neutron powder diffraction with Rietveld refinement,
high-resolution transmission electron microscopy and electron microdiffraction, Fourier transform
infrared spectroscopy, galvanostatic cycling, and galvanostatic intermittent titration technique.
Neutron diffraction experiments have been made on the High Resolution Fourier Diffractometer
(HRFD) at the IBR-2 pulsed reactor in JINR (Dubna). According to the neutron diffraction results
the structure of samples-800 °C is well refined with the single Fd-3m spinel. On the contrary, the
structure of samples-700 °C can be described by 1) two-phase materials with the 5-10% fraction of
the P4332 spinel depending on the substitution ion 2) one phase P4332 spinel structure with
considerable redistribution of Ni and Mn between cation positions. It has been found that the
substitution ions preferably substitute Ni ions, which correlates with the appearance of LiyNiiyO by-
product (3-8%). The average crystal size of pure spinel is less than 100 nm, while the crystal size of
the doped spinels is 110-140 nm for samples-800 °C and 60-110 nm for samples-700 °C. Crystalline
microstrains change in opposite way. Besides, the surface phase, coherently conjugated with the
crystal bulk, was observed for samples-700 °C and assigned to the intermediate appeared due to the
reconstruction of the disordered to the ordered spinel. Results of transmission electron microscopy
and electron microdiffraction experiments are in good line with the neutron diffraction results but
indicate two phase condition (Fd-3m + P4332) for doped samples-700 °C. The electrochemical
performance of the doped spinels depends on the annealing temperature. For all doped samples, two
pairs of redox peaks are observed on the dQ/dV vs. voltage plots revealing the prevalence of
disordered spinel phase. However, the separation between them increases for samples-800 °C due to
disappearance of the ordered phase, resulting in better charge-discharge performance. Pure spinels
show a significant deterioration upon cycling because of side reactions of their nanoparticles with
electrolyte. Lithium diffusion coefficient (Dvi+) of the doped spinels-800 °C is two orders of
magnitude higher as compared with that of the undoped spinel. The highest rate capability is
observed for the Ti-doped spinel-800 °C due to larger lattice parameter.

The neutron diffraction investigations were financially supported by Russian Foundation for Basic
Research (project #14-02-31506). Transmission electron microscopy studies were performed using the
equipment of CCU "Nanostructures". The part of the work was carried out with the support of the Ministry of
Education and Science of the Russian Federation (project ID RFMEFI162114X0004) and RSCF (project No
14-22-00143).
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Currently, lithium-ion batteries (LIB) are considered as the most promising among autonomous

power sources. Search for new and improvement of existing LIB's materials and components is
aimed at increasing energy density and capacity, safety and working life of batteries. Lithium-
vanadium phosphate Li3V2(PO4)3 is considered as a promising cathode material for several reasons:
high operating voltage (3.6-4.7 V) and specific capacity (197 mAh/g), as well as high chemical and
thermal stability inherent to lithium intercalated phosphates of transition metals. A feature of
Li3V2(POs4)3 structure is the ability to maintain rapid transport of lithium ions, so a joint study of
structural and electrochemical characteristics of the material is of considerable interest.
As an instrument of structural analysis in the present work, the method of neutron diffraction was
used. Due to the peculiarities of the interaction of neutrons with atoms of different elements, it
allows to define the content of each type of atoms in different crystallographic positions, in contrast
to the X-ray diffraction method, where the presence of each element can only be evaluated indirectly
by the deviation of the lattice parameters from the standard values. Thus, using the Rietveld method
the atomic coordinates and occupancy of crystallographic positions were refined in the crystal
structure of LizV2(POa)s. The results of neutron diffraction data processing are shown in Table 1.

Table 1. Atomic coordinates and population of crystallographic positions of LizV2(POa4)s
according to the method of neutron diffraction

Atom X y z B occ.
Vi 0.2517 0.4711 -0.1101 0.5 1
Vi -0.2481 0.9618 -0.1104 0.5 1
Pl 0.09551 0.10283 -0.13216 0.65 1
P2 -0.10889 0.60803 -0.16188 0.65 1
P3 -0.00113 0.26587 -0.48327 0.65 1
Ol 0.41065 0.09297 -0.34643 0.8 1
02 -0.40831 0.60362 -0.32643 0.8 1
03 0.30075 0.49118 -0.26495 0.8 1
04 -0.36612 0.98539 -0.27868 0.8 1
05 0.14193 0.09045 -0.03404 0.8 1
06 -0.1769 0.54369 -0.04757 0.8 1
o7 0.43881 0.31633 -0.11494 0.8 1
08 -0.44687 0.86495 -0.07742 0.8 1
09 0.13552 0.13409 -0.429 0.8 1
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0o10 -0.16604 0.66723 -0.44458 0.8 1
Ol1 0.13984 0.26826 -0.18538 0.8 1
O12 -0.17142 0.81033 -0.17034 0.8 1
Lil 0.06043 0.33501 -0.30615 1 1
Li2 -0.36414 0.73424 -0.33903 1 1
Li3 0.47283 0.38036 -0.24584 1 1

To determine the parameters of the lithium transport in Li3V2(POs4)3-electrode a combination of
electrochemical methods was used: galvanostatic charge-discharge, cyclic voltammetry (CV), pulsed
chronoampero- and chronopotentiometry (PITT and GITT, relatively), electrode impedance
spectroscopy (EIS). Analysis of electrochemical data was performed according to previously
obtained theoretical solutions [1,2]. Joint measurements by neutron diffraction and CV allowed to
correlate changes in the structural parameters and form of cyclic voltammogram of LizV2(PO4)3-
electrode (Fig.1a). i, t-transients of Li3V2(PO4)3 -electrode (Fig.1b) are of a stepped shape and are the
result of superposition of two diffusion processes with different time and kinetic constants which are
in good agreement with the same parameters, found in the GITT and EIS methods. The calculated
values of diffusion coefficients for the maximally lithiated and delithiated phases of intercalation
material were determined as 102 ¢cm?/s for the transfer in a thin surface layer, and 10 and 3-107'°
cm?/s, respectively, for transfer in the bulk of material's particle.
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Fig.1. Cyclic voltammograms measured at potential scan rate of 0.05 mV-s"' (a) and i,t-transients
(b) of LizV2(POs)s-electrode: experimental (filled markers) and calculated (empty markers) data.

Neutron diffraction study of LizV2(POa4)s is supported by Russian Science Foundation (project
15-13-10006), synthesis and electrochemical study of LizV2(POs)s is supported by Russian
Foundation for Basic Research (project 14-29-04005).
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[2] A.V. Churikov, A.V. Ivanishchev, A.V. Ushakov, V.O. Romanova, J. Solid State Electrochem. 18 (2014) 1425.

130



HYDRO- AND SOLVOTHERMAL SYNTHESIS OF COMPLEX LITHIUM AND D-
METALS PHOSPHATES AS CATHODE MATERIALS FOR LI-ION BATTERIES

V.D. Sumanov!, O.A. Drozhzhin', A.N. Baranov', E.V. Antipov'
1 Lomonosov MSU, Chemical Department, Russia

E-mail: wertuals@mail.ru

At the moment, olivine-structured complex phosphates of lithium and transitional metals are
considered as one of most promising cathode materials for li-ion batteries; LiFePOs4 is actually most
studied. Besides advantages, such as high theoretical capacity, low cost and excellent cyclability,
LiFePOs4 has serious drawbacks. One of them — low working potential in comparison with other
materials (3.4V vs. Li/Li"). In other side, materials with higher potential such as LiCoPQOas, LiMnPO4,
LiNiPO4 cannot be used in li-ion batteries at the moment, because of low achievable capacity and
poor cycle life. Usage of solid solution from the specified materials, for example LiFeixMxPOs,
gives opportunity to combine high working potential, structure stability and good cyclability. For the
perfect electrochemical performance and cycle life it is important to obtain material with definite
morphology and size of particles. In this work were performed different types of solvothermal
synthesis and reaction mechanism study of LiMno.sFeo.sPO4 cathode material.

All samples of LiMno.sFeo.sPO4 were synthesized via hydrothermal and solvothermal route. For
solvothermal synthesis as solvents ethanol, ethylene glycol, polyethylene glycol were used.
Mechanism of phase nucleation and crystal growth in hydro- and solvothermal conditions were
investigated. Particles obtained using by hydrothermal and solvothermal methods have plate-like
morphology with 50-200 nm thickness. Samples were studied by X-ray diffraction, scanning
electronic microscopy (SEM), elemental analysis (EDX).

Electrochemical properties of the specified materials are evaluated by galvanostatic and
potentiostatic methods. Values of reversible capacity for all materials are 140-150 mAh/g at C/20
discharge rate.

The work was supported with the RFBR grants (14-03-31473, 14-29-04064).
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Sodium and transition metals fluorophosphates with formula Na2MPO4F (M = Fe, Co, Mn)
represent a perspective type of compounds for use in cathode materials of lithium- and sodium-ion
batteries because of two reasons: the theoretical possibility to extract more than one alkaline ion per
formula unit (with corresponding oxidation of d-cation up to +4 oxidation state) and rather high
operating voltages in the case of M=Co and Mn [1]. As a result, rather high theoretical energy
density may be achieved, in the case of average voltage 4.5 V it amounts 550 W-h/kg per one
alkaline metal ion. Nax2MPO4F (M=Fe, Co) consists of alternating layers of sodium ions and layers of
interconnected FeO4F2 and PO4 polyhedra, while Na2MnPO4F has a framework type of structure
which has not good intrinsic sodium diffusion characteristics of layered structure but may be more
stable.

In the present work the main attention is given to the hydrothermal synthesis of the NaxMPO4F
(M=Co, Fe) and investigation of its morphology and electrochemical properties depending on
synthetic conditions. Crystal structure study of Na>-xCoPO4F with different amount of deintercalated
sodium ions is also performed using in-situ and ex-situ x-ray powder diffraction and EDX analysis.
Cathode materials based on obtained Na2CoPO4F samples demonstrate more than 50% of theoretical
discharge capacity for one alkaline metal ion in spite of strong amorphization during cycling.
NazFePO4F shows more than 80% of theoretical capacity for one alkaline metal ion. Also the
possibility of obtaining NaMnPO4F and solid solutions with compositions Na2Co1xMnxPO4F
(x=0.2, 0.4, 0.6, 0.8) and NaxMnixFexPO4F (x=0.2, 0.4, 0.6) using hydrothermal route is established.
It is shown that compositions Na2Co1-xMnxPO4F (x= 0.2, 0.4) are isostructural to Na2CoPO4F. At the
moment cathode materials based on hydrothermally obtained NaxMnPO4F and NaxMno.cFeo4PO4F
demonstrate discharge capacity of 5% and 10% per one alkaline ion respectively. Weak
electrochemical activity of the manganese-containing compounds can be attributed to the strong
Yahn-Teller distortion of Mn*® and slow diffusion of alkaline ions. The latter problem could be
mitigated due to the small size of hydrothermally obtained NaxMnPOuF particles that was about 100
nm.

Acknowledgements. The work was supported with the RFBR grants (14-03-31473, 14-29-
04064).
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Lithium titanate Li4TisO12 with the partially inverted spinel structure is the material that can be
used as anode in safe large scale lithium-ion battery. Lithium intercalation in this material occurs at
the potential of 1.55 V vs. Li|Li+ via two-phase reaction to form Li7TisO12 with rock salt structure. It
is interesting to study the relationship of change of structural and electrochemical characteristics of
the material in this process.

Lithium titanate was prepared by solid-phase synthesis method with preliminary
mechanochemical activation. [1]. The starting materials were Li2CO3 and TiO: (rutile). Heat
treatment was carried out in a tubular furnace. The composition of the final product was controlled
by the XRD-analysis (Fig.1a). As an instrument of structural analysis in the present work the method
of neutron diffraction was used. The measurements were performed using HRFD-diffractometer at
high resolution. The exposure time was 12 hours for each sample. The neutron diffraction pattern of
Li4Ti5012 is shown in Fig.1b. Due to the peculiarities of the interaction of neutrons with atoms of
different elements, it allows to define the content of each type of atoms in different crystallographic
positions, in contrast to the X-ray diffraction method, where the presence of each element can only
be evaluated indirectly by the deviation of the lattice parameters from the standard values. Thus,
using the Rietveld me thod the atomic coordinates and occupancy of crystallographic positions were
refined in the crystal structure of LiaTisO12. The results of neutron diffraction data processing are
shown in Table 1.

Approaches based on the methods of cyclic voltammetry (CV), potentiostatic intermittent
titration (PITT) and electrochemical impedance spectroscopy (EIS) were used to determine the
diffusion coefficient of lithium in LisTisO12- Li7TisO12 system [2,3]. The figure 2 shows cyclic
voltammograms measured at different temperatures. The calculated values of diffusion coefficients
were defined as: 0.6-10 12 and 0.3-10 12 for anodic and cathodic processes, respectively, at 5 °C,
12-10 12 and 5-10 12 for anodic and cathodic processes, respectively, at 40 °C.

Neutron diffraction study of LisTisO12 is supported by Russian Science Foundation (project 15-
13-10006), synthesis and electrochemical study of LiaTisO12 is supported by Russian Foundation for
Basic Research (project 13 03 00492).
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Human lactoferrin is a protein that belongs to transferrin family. This protein also known as
lactotransferrin, originally was isolated from milk and later it was found in biological fluids such as
blood plasma, tears, saliva, pancreatic juice, bile. In blood plasma lactoferrin derives from specific
granules of neutrophils but there are evidences that it might be produced by other cells and even
microorganisms [1].

Lactoferrin shares similar polypeptide topology with the other proteins members of transferrin
family. The number of amino acids in the protein structure varies depending on the origin of the
molecule. The structure of a lactoferrin molecule is composed of a-helix and B-sheets. The protein
structure is divided in two lobes, referred as N- and C- lobes which are connected by a 3-turn-helix.
Both protein lobes share a degree of similarity of about 40 % [2]. Each lobe contains an iron-binding
site consisting, where the coordination of a ferric ion is produced via one carboxylate oxygen, two
phenolate oxygens and one imidazole nitrogen from one aspartate, two tyrosines and one histidine,
respectively. Ferric ion is stabilized in the protein binding site through two oxygens from carbonate
ion.

Lactoferrin molecules reversibly bind ferric ions and therefore they can be found in the iron-
free open form (apolactoferrin) and associated with iron ions, the closed form (hololactoferrin).
Apolactoferrin has an open conformation whilst hololactoferrin has a closed conformation (Fig. 1).

The high affinity of lactoferrin for iron determines a great part of its biochemical properties.
We are particularly interested in investigating the mechanism that triggers iron release from the
lactoferrin structure at physiological pH. Using UV-vis spectrophotometric titration method we have
identified that the presence of tetrasodium ethylenediaminetetraacetate initiates the process of iron
release from lactoferrin structure and the opening of its domains. In order to examine the effect of
tetrasodium ethylenediaminetetraacetate on binding properties of lactoferrin we have undertaken the
present work.

The small-angle neutron scattering experiment will provide us a direct estimation for the
molecular size and conformation of lactoferrin under physiological conditions in the presence and
absence of tetrasodium ethylenediaminetetraacetate. Results of this study will help gain a better
understanding about the mechanism that triggers iron release from lactoferrin structure in biological
systems.
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Open-Lactoferrin Closed-Lactoferrin

Figure 1. Graphical representation of the open (PDB entry 1LFH.pdb) and closed (PDB
entry 1BOL.pdb) form of human lactoferrin.

[1] Levay, P.F.; Viljoen, M. Lactoferrin: a general review. Haematologica, 1995, 80, pp. 252-267.
[2] Baker, E.N.; Baker, H.M. Molecular structure, binding properties and dynamics of lactoferrin. Cellular and Molecular
Life Sciences, 2005, 62, pp. 2531-2539.
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Surfactants are compounds that reduce surface tension and frequently used in various
applications. Thus, substances with surfactant properties are used as a stabilizer of particles in
colloidal liquid systems like magnetic liquids. One of the most effective surfactant for stabilization
of magnetic nanoparticles in aqueous medium is dodecylbenzene sulfonic acid (DBSA),
Ci12H25C¢H4SO3H. It should be mentioned that pure DBSA aqueous solutions are poorly studied.

The given work is dedicated to investigation of the structure and interaction parameters of
DBSA micelles in a heavy water according to small-angle neutron scattering (SANS) data. SANS
results were supplemented by surface tension experiments. The wvalue of critical micelle
concentration, area per molecule and free energy were obtained from the analysis of surface tension
vs DBSA concentration in water. The mentioned above parameters are necessary for fitting of SANS
data for aqueous DBSA micelles solutions. Aggregation number of micelle, degree of ionization,
form and size of micelle, micelles surface potential were obtained from SANS-data approximation.
The obtained parameters were used for estimation of free (non-adsorbed) surfactant concentration in
water-based ferrofluids stabilized with DBSA.

It is found that in the system water — magnetite (1.3% volume fraction)—
dodecylbenzensulfonate acid (2.2% volume fraction), 95% of dodecylbenzensulfonate acid are
adsorbed on the surface of magnetite, 4% are in a state of micelles, 1% is in a state of
monomers.This result may be the estimation of stability of the magnetic fluidic system.
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In recent years an interest in supramolecular gels based on LMOG’s (low molecular mass
organic gelators) has been increasing, because they can be an alternative biomaterial to polymer gels.
Potential applications of LMOG’s arise from the fact that they are sensitive to physical stimuli such
as temperature, light, ultrasound or chemical stimuli: metal ions or anions [1]. They are widely used
in drug delivery, three-dimensional cell culture [2], tissue engineering and regenerative medicine or
photoelectronic [3].

It is known that molecule of lithocholic acid (LCA) easy forms hydrogen bonds with proton
donor-acceptor solvents. From this point of view the dimethyl sulfoxide (DMSO) is an ideal solvent.
It has the ability to form hydrogen bonds by the presence of the carbonyl oxygen and acidic protons
in methyl group. Moreover, in small concentration it is non-toxic to cells [4].

Small angle neutron scattering method (SANS) was used to determine morphology and phase
behavior of the new derivative of LCA, 4-heptyloxyphenyloxylithocholic acid ether (7JOPhOLCA) as
organogelator dissolved in deuterated dimethyl sulfoxide (DMSO- d6). It was found that the
substance forms a stable gel with fractal structure spherulite which consists from the lamellas at
room temperature. The morphology strongly depends on the temperature in Gel phase (Fig.1.).
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Fig.1. SANS curves for 7OPhOLCA
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Future increase in temperature makes the system flow and form a Sol phase again. It turns out
that the temperature of the Gel-Sol transition changes significantly with concentration of the
70PhOLCA: T=52°C for C=0.015g/ml and T=35°C for C=0.025g/ml. The SANS results are in a
good agreement with data obtainded by DSC and pointed out on the reversible behavior of the Gel-
Sol transition with hysteresis on the temperature during heating and cooling (Fig.2.).
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Fig. 2. Diagram of the Sol — Gel transition in depends on the temperature and sample
concentration for (A) heating and (B) cooling

It is clear from Fig. 2 that the Sol — Gel transition can be observed only between lamellar
organization (green area) and disordered state (blue area). Sum up all mentioned above we propose
the Gel — Sol transition scheme (Fig. 3).

% Fig. 3. Proposed Sol - Gel
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Thus, we can conclude that increasing as well as decreasing of the temperature induce the
morphology and phase transitions. At present work we observed Gel-Sol transition and 3
morphology states in the Gel phase (G1, G2 and G3). The G1 correspond to the objects with a
smooth surface, G2 — surface fractal and G3 — lamellas in solution.

Acknowledgement. This work was supported by the Polish Government Plenipotentiary for
JINR in Dubna (Grant No.: 45, p. 12 from 27.01.2015).
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The lipid bilayer is the raft for all cell membranes, which play an important role in life. They
separate the cell from the surrounding environment and control the penetration of them inside the
cell. On the other hand the ions and polar solvents also affect on the structure, conformation and
intermembrane interaction of the phospholipid membranes as well as temperature, pressure and pH.
For example, anesthetics, short alcohols and carbohydrates reduce the temperature of the phase
transition, in contrary, the extension of non-polar lipids chains, external pressure, calcium ions, long
alcohols and hydrocarbons increase it [1].

The structure and phase transitions of the fully hydrated unilamellar vesicles (ULVs) and
multilamellar vesicles (MLVs) DMPC in the Ca*" ions, dimethyl sulfoxide (DMSO) and diethyl
sulfoxide (DESO) presence were investigated by small angle neutron scattering (SANS). SANS
experiments have been performed on the YuMO spectrometer at the IBR-2 pulsed reactor in FLNP
JINR (Dubna, Russia).

It was shown that MLVs DMPC prepared in D20/Ca** mixture transform to the ULVs
spontaneously with increasing of the Ca®" concentration (Fig.1, left).
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Fig.1. The influence of the Ca®" ions concentration on the
spontaneous transition MLVs to ULVs (left) and on the
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Fusion of the ULVs DMPC in the presence of the divalent cations Ca** (Fig.1, right) and
sulfoxides (Fig.2) was observed. It turned out that the ULVs fusion in the presense of the polar
solvents is caused by two factors: time and increasing of the DMSO and DESO concentration. The
current work confirms the hypothesis about a crucial role of the hydrophobic interactions in the
intermembrane interaction in the presence of sulfoxides. However, it should be noted that these
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hydrophobic interactions are stronger in the presence of DESO. At first, DESO causes the fusion of
the ULVs about 1/2 hour after samples preparation, while this process occurs in an hour in the
presence of DMSO. At the second, the investigation in short-term time scale shown that formation of
the MLVs take place at Xpeso = 0.3 and Xpmso = 0.4 [2].
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Fig.2. SANS curves on ULVs DMPC (2 wt %) in DMSO/D20 mixture at Xpmso = 0.2 in
liquid- crystalline phase at T = 55 °C after preparation (A) and 1 hour later (B).

The phase transitions of the spontaneous MLVs DMPC in the DMSO and DESO presence
was investigated in wide temperature range (Fig.3). The temperatures of the main phase transition
are 35.2°C at the presence of the DMSO (Xowmso = 0.2) and 33.6°C at the presence of the DESO
(Xpeso = 0.2). The character of the phase transitions are discussed.
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Fig.3. Phase diagrams of the spontaneous MLVs DMPC (2 wt %) in DMSO/D20 mixture
at Xpmso = 0.2 (left) and in DESO/D20 mixture at Xpeso = 0.2.
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STRUCTURE OF MIXED MICELLAR SOLUTIONS STUDY BY SMALL ANGLE
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The mixed systems of nonionic classic surfactant TX-100 ( p-(1,1,3,3-tetramethyl ) poly
(oxyethylene ) and CisTAB ( hexadecyltrimethylammonium bromide ) cationic classic surfactant in
heavy water solutions was investigated for 3 concentrations at various mixing ratios (1:1,2:1,3:1) at
temperatures t = 30°C,50 °C,70 °C with two methods - tensiometric and small-angle neutron
scattering (SANS) on SANS spectrometer ("YuMO") of the IBR-2 on pulsed neutron source at
FLNP, JINR in Dubna (Russia). Measurements have covered Q range from 7x107 to 0.4 A*!. The
micellar solutions were prepared in D20 since the contrast between the micelles and the solvent in
neutron experiments is better with D20 than with H20. It was obtained as the result that the shape of
micelles changes depending on surfactant concentration at temperature constant. At lower
concentrations micelles are spherical but at higher concentrations and are rather ellipsoidal. For
calculation and approximation results from SANS experiment was used program PCG 2.0 of Glatter
O. and co-workers from University of Graz (Austria).
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The phase of lipids influence significantly on the living cell functions, providing stability,
penetration and the other membrane properties. In fact, phase transitions could lead to the change of
membrane proteins mobility in lipidic bilayer.

This paper shows the results of studying of lipidic phase transition in membrane mimicking
systems: multilamellar vesicles (MLV), unilamellar vesicles (ULV) and nanodiscs (ND), which were
prepared from phospholipids (DMPC and DPPC) and membrane scaffold proteins (MSP1 and
MSPI1E3D1) [1].

The temperature dependence of ND geometric size, ULV thickness and MLV lattice
parameters ware measured by small-angle X-Ray scattering (SAXS) and the scattering of neutrons
(SANS). SANS curves were obtained on the SANS spectrometer YuMO, Dubna, Russia [2, 3].
SAXS measurements were done on the installation Rigaku, MIPT, Dolgoprudny, Russia.

The ND parameters that were tracked for different temperature were the following: the radius
of inertia, the intensity at zero angle — they have been calculated from SAS curves using Guinier
approximation and indirect Fourier transform [4]. A method for obtaining the bilayer thickness of
ULV is described in [4] and [5]. The lipidic bilayer thickness in ULV and the lattice parameter in
MLV were found to change at 23.5£1.00C and 42.0+1.00C for DMPC and DPPC respectively,
which corresponds the literature [6, 7].

Firstly, in works [8] and [9] the SANS curves have been investigated for changes in the
temperature range 22 — 260C for ND made of DMPC and MSP1E3D1 in H20/D20 mixture with the
volume ratio of 42% for heavy water. Such ratio corresponds the protein scattering length density
and allows one to annihilate an account for MSP scattering [4, 10]. There have not been any changes
above the statistic errors for the radius of inertia. This was an indirect proof of results [11], according
to which the temperature of the phase transition for lipids in ND is higher than in a large lipidic
bilayer and lies outside of the temperature range 22 — 260C.

In this work the temperature range was extended at 22 — 350C for DMPC ND and for DPPC
ND the SAS curves were obtained at 38 — 500C. The temperature changes of ND structure were
found, consequently the phase transition takes place. It is discovered that the phase transition of
lipids in ND occurs at temperature higher than the phase transition temperature for a bilayer in
vesicles. The obtained results are being under discussion.

We greatly acknowledge support of this work by the Russian Foundation for Basic Research
(projects 13-04-91320 and 13-02-01460) and by the Russian program “5Top100” of the Ministry of
Education and Science of the Russian Federation.
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One feature that most directly impacts structural and functional studies of membrane
multisubunit protein-lipid complexes in vitro is their high hydrophobicity. Although detergents are
capable of effectively solubilizing such complexes, they cannot mimic the interactions between
proteins and lipid membranes, one of the essential features of cell operation. Bicelles are
nanostructures formed by a long- and a short-chain phospholipid dispersed in aqueous solution, have
been widely used as model membranes in biological studies [1]. However, to date, there has been no
demonstration of structural and functional viability for the fundamental mitochondrial electron
transport complexes reconstituted into or interacting with bicelles. In the present work, isolated from
bovine heart, cytochrome ¢ oxidase was successfully incorporated into bicelles that were formed
from the mixture of long- and short-chain phospholipids, specifically 14:0 and 6:0
phosphatidylcholines (1,2-dimyristoyl-sn-glycero-3-phosphocholine, (DMPC) and 1,2-dihexanoyl-
sn-glycero-3-phosphocholine, (DHPC)). Cytochrome ¢ oxidase (EC 1.9.3.1; CcO) is mitochondrial
multisubunit complex localized in inner mitochondrial membrane. The enzyme catalyzes the transfer
of electrons from ferrocytochrome C to oxygen, a reaction coupled to proton translocation across the
inner mitochondrial membrane [2]. Bicelles and CcO incorporated into bicelles (“proteobicelles’)
were characterized by absorption spectroscopy, dynamic light scattering, atomic force microscopy,
sedimentation velocity, and differential scanning calorimetry. It was demonstrated that at total
concentration of phospholipids CL = 24 mM and the molar ratio (“q”) of long-chain DMPC over
short-chain DHPC equal to ~ 0.5 the size of bicelles is pH dependent, but overall is in the range of
30-140 nm with the thickness of bicelles of about 4 nm (Figure 1). CcO in bicelles was fully
reducible by artificial donors of electrons, exhibited “normal” reaction with external ligands, and was
fully active. Both, temperature-induced denaturation and sedimentation velocity analysis indicated
that enzyme in bicelles is monomeric. We concluded that CcO in bicelles maintains its structural and
functional integrity, and that bicelles can be used for more comprehensive investigation of CcO and
most likely other mitochondrial electron transfer complexes. We also believe that more complete
investigation of bicelles and proteobicelles regarding the morphology, typical bilayer widths, and
aggregate sizes or size distributions using SANS analysis is needed.
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Agency VEGA No. 2/0062/14 and ESF 26110230097.
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Figure 1. Atomic force microscopy. (A) Overall AFM imaging of bicelles prepared from 17 mM DHPC and 7 mM
DMPC in 20 mM phosphate buffer, pH 7.4. The xy scale is 5x5 um. (B) Bicelles heights determination. The panel is
perpendicular to the scanning plane view of the upper image. (C) Zoomed 2.5x2.5um area selected and marked by red square
in image A. (D) Representative data of determination of bicelles diameter and height. Surface profiling (or cross-section) lines
were drawn across the part of the AFM image between two bicelles marked by arrows with the same color. Data demonstrate
the diameter (~50 nm) and height (41 nm) of the most abundant bicelles. The data analyses were performed using
NanoScope Analysis1.20. software.
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In this work we continue applying recent SAS approaches to low resolution studies of the
protein complexes mentioned above with a particular goal — to compare SAXS and SANS structures
obtained in such way [1].

We present the results of small angle scattering investigation of protein apoferritin via
approximation to zero concentration value. We compare the sizes and shapes, including those
determined by indirect Fourier transform method, obtained on different instruments: YuMO
spectrometer (Dubna, Moscow region, Russia [2]), BM29 beamline (ESRF, Grenoble, France [3] and
Rigaku instrument (MIPT, Dolgoprudny, Moscow region, Russia). The pair-distance distribution
function for both small-angle neutron (SANS) and X-ray scattering (SAXS) is computed. It is shown
that SANS and SAXS methods give similar form factor (spherical shell with holes) of apoferritin. At
the same time, fits of experimental data for SAXS and SANS curves give a little different sizes and
volumes of the molecule. The reasons for these discrepancies are discussed.
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The metal matrix composites (MMCs) with a ceramic particles reinforcement combine
increased strength with ductility sufficient for many structural applications. A significant residual
stresses between the matrix and reinforcement can be developed during MMCs heat treatment. As
the stress can significantly affect a construction lifetime, their evaluation has the paramount
importance [1-4].

In the present work result of the lattice strains measured in situ during elastoplastic
deformation (i.e., uniaxial tension) of Al/SiCp, metal-matrix composite are presented. The strains
were determined for both phases in directions parallel and perpendicular to the applied load. The
neutron time-of-flight (TOF) diffraction method allowed the measurement of the lattice strains for
Bragg reflections of both phases were used. The measurements were done using neutron diffraction
at the EPSILON strain diffractometer of the IBR-2 pulsed reactor at the Frank Laboratory of Neutron
Physics, Dubna, Russia and were compared with the neutron diffraction results obtained on the
monochromatic neutron beam G5.2 in Laboratoire Leon Brillouin (LLB), Saclay, France. The results
obtained in both laboratories, were very similar, despite the fact that in LLB only the Al-(111) and
SiC-(111) reflection were used.

Finally, an elastoplastic self-consistent model calibrated by experimental results was applied
for calculation of the critical resolved shear stress and hardening parameter of the composite phases.
The model correctly predicts stresses in SiC, while the one in Al were slightly overestimated due to
the initial thermal stresses created in the material during thermal treatment.
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THE NEUTRON TIME-OF-FLIGHT DIFFRACTOMETER EPSILON FOR STRAIN
ANALYSIS ON GEOLOGICAL SAMPLES UNDER UNIAXIAL AND TRIAXTAL LOAD
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The investigation of strain in geological samples with conventional methods, like overcoring
and grain size anisotropy, is limited. To detect the intracrystalline strain, diffraction methods can be
applied. Because of the large variety of the grain size in geological samples, neutron diffraction is the
preferred method. The application of neutron time-of-flight diffraction allows the determination of
intracrystalline strain for all the Bragg diffraction lines in the range of the used wavelength (up to
Amax= 7.2 A, e.g. dmax= 5.1 A, using a wavelength chopper: Amax= 14.4 A, e.g. dmax= 10.2 A).
Therefore, the method is advantageous for multiphase materials with phases of lower crystal
symmetries, like polycrystalline geological samples.

The neutron TOF strain diffractometer EPSILON is operated at beam line 7A-1 at the pulsed
neutron source IBR-2M, JINR Dubna. The diffractometer has been designed especially for the
investigation of rock samples: because of the long flight path of about 107 m the resolution is about
4*10-3 for d = 2 A. The diffractometer, equipped with 9 detector banks at 20=90° is designed in
three triplets at radial angles of: -21°, 0°, 21 °, 69°, 90°, 111°,159°, 180°, and 201°, which provides
the potential of strain tensor determination. Each detector bank contains nine 3He detectors. Using
the time focusing method the neutron diffraction pattern of the nine detectors at one bank can be
stacked. This enables to compensate the low neutron intensity at sample position reasoned by the
very long flight path.

Behind the neutron guide with dimensions of HxB = 95 x 50 mm?2 the incident slip system is
installed. It consists of two horizontal-vertical diaphragms in a distance of 1,160 mm to select the
sample gauge volume. A uniaxial pressure device (F = 100 kN, p = 150 MPa) is designed for sample
dimensions of 30 mm in diameter and 60 mm in length. The apparatus can be orientated in 45 ° to
the incident neutron beam and allows the simultaneous investigation of strain in direction of 1 and
03. The pressure device allows the sample rotation under external load to determine oriented rock
properties at different load states. In addition, an acoustic emission sensor system with 12 channels
is installed to detect acoustic signals of micro cracks during in situ deformation experiments.
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