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We would like to offer the readers the scientific activity report of the Frank Laboratory of
Neutron Physics for 2011. The first part of the report presents a brief review of the experimental and
theoretical results achieved in the main scientific directions — condensed matter physics, neutron
nuclear physics, applied research and development and creation of elements of neutron
spectrometers for condensed matter investigations. The second part includes the reports on the
modernization of the IBR-2 pulsed reactor and the development of the IREN neutron source. A list of
publications for 2011, the information regarding the seminars and conferences organized in FLNP and
a statistical view on the FLNP personnel structure are presented as well. The experimental reports
that cover the main scientific directions in greater detail complete the report.

In 2011 the main achievements of the Laboratory were:

e power start-up of the IBR-2 reactor after modernization;

e modernization of some spectrometers at the IBR-2 reactor and continuation of the
development of new facilities for neutron studies in condensed matter physics;

e receiving of more than 150 applications for beam time at the IBR-2 spectrometers
during the first call for proposals announced after the IBR-2 modernization;

e development of scientific experiments at local facilities and in collaboration with other
scientific centers in Russia and abroad.

FLNP has cooperation agreements in the field of neutron investigations with more than 200
scientific institutes and universities from 43 countries from all over the world. A significant contribution
to this cooperation is made by the JINR Member States.

The FLNP staff consists of more than 400 employees. The scientific staff includes 70 Ph.D.
and 20 D.Sci. researchers and more than 50 researchers and specialists from the JINR Member
States (besides the Russian Federation) with two thirds of them under 35 years of age.

The organization of annual conferences and schools covering all research fields of the FLNP
activities helps to recruit young specialists — one of the top priority tasks of the FLNP Directorate.

All these facts confirm that the Laboratory continues to develop successfully and dynamically,
carrying out investigations in the interests of the JINR Member States.

A.V. Belushkin

Director
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NEUTRON NUCLEAR PHYSICS

In 2011, at the Frank Laboratory of Neutron Physics the applied research activities using the
neutron spectroscopy techniques were actively carried out at the pulsed resonance neutron source
IREN. A number of instrument development and analytical investigations were performed during the
power start-up of the modernized IBR-2 reactor. Also, the instrument development activities on the
preparation of experiments at the IREN facility were continued. The greater part of the fundamental
investigations in the field of neutron nuclear physics was carried out on the neutron beams of nuclear
research centers in Russia, Germany, Republic of Korea, China and France. The studies were
conducted in the following traditional directions: investigations of time and space parity violation
processes in neutron-nuclear interactions; studies of the fission process; experimental and theoretical
investigations of electromagnetic properties of the neutron and of its beta-decay; gamma-
spectroscopy of neutron-nuclear interactions, atomic nuclear structure, obtaining of new data for
reactor applications and for nuclear astrophysics; experiments with ultracold neutrons; applied
research.

3. Experimental and instrument development activities

3.1. Modernization of the detector system “Romashka-1"

In the framework of cooperation between the Institute for Nuclear Research and Nuclear
Energy (INRNE) of the Bulgarian Academy of Sciences (BAS) and JINR in the field of investigation of
neutron-nuclear interactions a low-background detector system “Romashka-1” for detecting gamma
rays has been delivered from INRNE to FLNP JINR. A general view of the 12-section scintillation
system is presented in Fig. 15.

The system is intended to determine the concentration of radioactive elements in the
environment and to study the radiative neutron capture in the experiments conducted on the IREN
facility in FLNP JINR by measuring gamma-ray multiplicity in the decay of radioactive nuclei. The
gamma-ray spectrometry system consists of two sets of 6 Nal(Tl) monocrystals of trapezoidal cross
section in the shape of a daisy that are placed in metal cylinders-containers about 30 cm in diameter
(Fig. 16). A photoelectronic multiplier PEM-110 is optically connected to the butt end of each crystal.

The main characteristics of the gamma-spectrometry system “Romashka-1" are given in
Table 1.

Table 1. The main characteristics of the gamma-spectrometry scintillation system “Romashka-1".

Parameter Value
Scintillation material Nal(TI)
Total volume of scintillators ~16.6 |
Length of individual scintillator elements ~ 200 mm
Detection efficiency 1.46 MeV [I-rays of **K (10 Bq) ~97%
Minimum detected [J-activity ~0.5Bq
Energy resolution for detection of 60C_oj-rays of one section ~10 %
Energy resolution for detection of °°Col-rays of 12 sections ~15%
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Fig. 15. 12-section =~ gamma-spectrometry Fig. 16. An external view of one scintillation assembly: 3 —

scintillation system “Romashka-1”: 1 — iron support- segmental lead jacket, 4 — six Nal(Tl) in the housing; 5 —
holder, 2 — hoisting mechanism, 3 — segmental lead electronic signal conversion-amplification modules PEM-
jacket, 4— assembly of 6 Nal(Tl) scintillation 110.

crystals, 5 — photoelectronic multiplier.

The modernization of the gamma-ray scintillation spectrometer includes the following activities:

— manufacturing of the 16-module photomultiplier high-voltage supply system by the firm “High-voltage
systems” (Dubna) of the type shown in Fig.17;

- manufacturing of ADC of the board for 16 channels for simultaneous acquisition, digitization,

accumulation and preliminary sorting of signals from all 12 sections of “Romashka” by the firm AFI
Electronics-JINR (Fig. 18);

Fig.17. 6-channel high-voltage power supply source. Fig. 18. ADC ADCM16-LTC 16-channel system.
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- manufacturing of high-voltage and signal cables;
— development of software for processing experimental data.

The instrument will be located on beam 4 of IREN at a distance of about 31 m from a neutron-
producing target.

3.2. Investigation of the fission process at low excitation energies

The fission fragment mass and kinetic energy characteristics play a key role in the description
of the fission process. In the modern interpretation of the fission process the major role belongs to the
shell effects, due to which the physicists have gained a better insight into the asymmetric mass
fragmentation in the nuclear fission at low excitation energies. Owing to the possibilities of modern
computers the calculation methods for the dynamic characteristics of nuclear fission (such as the
nuclear surface potential energy dynamics at the nuclear surface fluctuations) are developing rapidly.
As a result, higher requirements are imposed on the accuracy of experimental data, which
characterize the fission process more comprehensively: mass and energy distributions of fission
fragments, prompt neutron multiplicity and their dependence on the total kinetic energy and mass of
fission fragments. In this connection, in FLNP the experimental methods for measuring the mentioned
characteristics of nuclei in the resonance and mega-electron-volt energy range of neutrons inducing
nuclear fission of transuranium elements are being developed. In the FLNP Nuclear Physics
Department the techniques and equipment have been developed for carrying out nuclear fission
investigations at the resonance neutron source IREN and the fast neutron source EG-5.

For the first time the technique of direct analysis of current pulses of a twin Frisch-gridded
ionization chamber has been developed. The advantages of the method of direct processing of current
pulses in comparison with the traditional conversion of current signals to step-function pulses by
means of charge-sensitive converters have been demonstrated. The application of digital processing
techniques has made it possible to get the best fission fragment mass and kinetic energy resolution in
the investigations of spontaneous fission of Cf-252. A specialized software package has been
developed for digital processing of signals for prompt fission neutron and fission fragment mass
spectroscopy in low-energy fission experiments. The prompt fission neutron time-of-flight spectrum
unfolding method that can be applied to single fission events and allows the determination of prompt
neutron-induced fission energy has been developed.

A twin ionization chamber that allows along with the fission fragment mass spectroscopy the
determination of fission axis orientation in space, has been constructed. The first results have been
obtained that demonstrate reasonable angular (cos(Ax), cos(Ay), cos(Az) ~0.05) and kinetic energy
resolution for fission fragments (Fig. 19).

The signal formation in the Frisch-gridded ionization chamber has been studied using the finite
difference method. The obtained solution of the Laplace equation has made it possible to find the
relation between the geometric parameters of the chamber and the shape of pulses induced on the
chamber electrodes in the process of the drift of ionization electrons. As a result, the formulae of
dependence between the induced signals on the anode of the chamber and the direction of motion of
a charged particle in the sensitive volume of the chamber have been derived. This has allowed us to
resolve the ambiguities of interpretation of the grid inefficiency concept. The equipment and the
software for digital signal processing that includes eight PC-built-in channels of fast analog-to-digital
converters (8 bits, 250 MHz) have been developed, constructed and tested in the test data acquisition
experiments with the twin ionization chamber (at EG-5) and the fast
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neutron scintillation spectrometer (with a neutron source). The developed equipment of the time-of-
flight analyzer together with the fast current amplifiers has been used in the experiments on the
measurement of the IBR-2 thermal neutron beam intensity. The doubtless advantage of the current
converter over the charge one has been demonstrated.
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Fig. 19. Demonstration of fission fragment angular resolution using a position-sensitive twin Frisch-
gridded ionization chamber.

3.3. Measurement of fission fragments using Medipix2 and Timepix detectors

In the framework of the collaboration between JINR and Czech Technical University in Prague
a number of experiments have been conducted to study the properties of silicon pixel detectors of the
Medipix family and the possibilities of their application for measuring heavy charged particles,
specifically for searching and studying rare nuclear fission modes. The measurements of fission
fragments and alpha-particles in the spontaneous fission of ?*2Cf have been performed using several
detectors Timepix and Medipix-2 included in the coincidence circuit, and in particular, using a start
module specially developed for these measurements. A typical scheme of measurements is given in
Fig. 20.

TimePix
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Fig.20. Scheme of the
measurement with  Medipix2
and Timepix detectors.

The spontaneous fission source of ?°’Cf was placed between two pixel detectors (in other
measurements it was surrounded by four detectors) which allowed us to detect the arrival time and
energy of fission fragments and alpha particles, as well as with a high accuracy the coordinates of the
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particle’s entry point in the detector. The possibility of measurement of fission fragments in
coincidence with each other and with alpha particles has been demonstrated, which makes it possible
to register ternary fission events with the help of pixel detectors. It has been shown that the Timepix
detector exhibits the best characteristics for such investigations allowing one to work in two modes —
measurement of the arrival time of a signal in each pixel and measurement of the energy transferred
by a particle in the given pixel.

3.4. Activities on the preparation of a precision experiment for n,e-scattering length
extraction

The experimental installation
AURA for measuring the angular
anisotropy of slow neutrons scattered
by noble gases in order to determine
the (n,e)-scattering length has been
assembled on beam Ne2 of the IREN
facility. The development of the
software for controlling the turn-table
with neutron detectors has been
completed, and the installation has
been tested in the operating mode
without a neutron beam. A new 8-
channel fast time encoder (Fig. 21)

Fig. 21. An overall view of 8-channel time encoder. has been developed and tested using

the loading of noise pulses from the
detectors (at low thresholds).

For a precise measurement of the angular anisotropy of neutrons scattered by inert gases in
the energy region from a few MeV up to 1 eV it is necessary to know all corrections with an accuracy
of no worse than 107*. Only in this case one can obtain the n,e-scattering length b,. with the
appropriate accuracy of 2-3 %. The corrections for efficiency variation of detectors registering slow
neutrons scattered forward or backward taking into account the thermal motion of argon atoms have
been calculated by the Monte Carlo method in the real geometry (Fig. 22).

Fig.22. The layout of the
| installation for calculation of
1 - neutron scattering (top view) 1,

2, 3, 4 — shielded detectors at
e the ends of collimators fixed on
the turn-table.
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The ratio of efficiencies of counters detecting neutrons scattered forward and backward
depends on the initial neutron energy and real angular distribution complicated by the thermal motion
of gas atoms. This ratio should be accurately calculated for correction of the experimental results in
each point of the energy region under study. For this purpose the Monte Carlo calculations have been
performed for argon at a pressure of 10 atm and at initial neutron energies from 0.001 eV. (Fig. 23).
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Fig. 23. The corrections
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curve is a raw count of C(E)
without taking into account the
thermal motion of gas atoms.

0,99, 5 =

0,01 0,1 1
E.eVv

The cumbersome calculations in the real geometry taking into account the thermal motion
of gas atoms are necessary to reduce the uncertainty of the correction coefficient C(E) to the
desired value. Only accurate account of this correction will make it possible to obtain the R(E) ratio
in the neutron energy region of more than 0.1 eV.

3.5. Investigations of (n,p), (n,a) reactions

In accordance with the Protocol on Cooperation between JINR and Peking University the
experimental and theoretical investigations of the reactions (neutron, charged particle) induced by fast
neutrons have been carried out. The experiments are conducted at the Van de Graaf accelerators EG-
5 in FLNP JINR (Dubna, Russia) and EG-4.5 of the Institute of Heavy lon Physics of Peking University
(Beijing, China) in collaboration with the University of Lodz (Poland), the National University of
Mongolia (Ulaanbaatar, Mongolia) and the Oak Ridge National Laboratory (USA). Data on the neutron
reactions with the emission of charged particles induced by fast neutrons are of much interest for
studying the mechanisms of nuclear reactions, atomic nuclear structure and for determining alpha-
particle optical potential parameters. The latter is of much importance for calculations of various
scenarios in astrophysics. In addition, these data are essential for choosing construction materials and
for performing calculations in the development of new facilities for nuclear power engineering.

The data treatment for the measurements of the "°Sm(n,a)*®Nd reaction conducted in the
neutron energy range between 4.5 and 6.5 MeV has been completed. The data on the cross sections
and angular distributions for this neutron energy range have been obtained for the first time; a
comparison with the available estimates and theoretical models has been performed. They are of
great importance because of significant discrepancies between the estimates given by different
nuclear data libraries, which are based on theoretical predictions, and since only very scarce data are
available for cross sections in the (n,a) channel, in particular, in the given mass range (Fig. 24).
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The treatment and analysis of data from the measurements of the *Cl(n,a)**P and
“0Ca(n,a)*’Ar reactions at a neutron energy E, ~ 4.0 — 6.5 MeV have started. The measurements of
the "Mg(n,a) reaction at E, ~ 4.0-6.5 MeV have been performed. The samples of ***Fe and ®Cu
have been prepared and in November, 2011, the measurements started on a neutron beam of EG-4.5.

3.6. Investigations of nuclear structure

By now the application of an original technique for determination of level density and radiative
strength functions from the intensities of two-quanta cascades proceeding between neutron resonance
and a group of its low-lying levels has made it possible to develop a radically new technique for
determination of parameters of the phase transition of any nucleus from the superfluid to the normal
state. The main result is that the breaking of the first four nucleon Cooper pairs occurs successively
and the thresholds of the next pair breaking differ by the value comparable with the doubled nucleon
pairing energy and decreasing with an increase in the nuclear excitation energy. Hence it follows that
in the neutron resonance energy region their structure can differ to such a degree that this distinction
can be revealed experimentally. For preliminary assessment of this possibility a technique for
determination of distribution parameters of neutron and radiative resonance widths has been
developed. It is based on the results of the analysis of the nuclear level density below the neutron
binding energy obtained in Dubna and includes as a special case the Porter-Thomas distribution
widely used for this purpose. The reanalysis of the distributions of the reduced neutron and total
radiative widths of neutron resonances within the framework of the modified model of distributions of
these quantities has been completed. The maximum approximation accuracy has been achieved on
the assumption that the respective experimental data are the superposition of up to 4 distributions of
amplitudes with different dispersions and mean values. This result corresponds to the obtained earlier
conclusions on the dynamics of nuclear transition between Fermi- and Bose-states.

3.7. Investigations of the interaction of a relativistic deuteron beam with a massive
multiplying target of natural uranium

The JINR research project «Energy and Transmutation of Radioactive Wastes» («kE&T RAW»)
is aimed at exploring possibilities of a new electro-nuclear scheme based on the use of deep
subcritical multiplying systems of natural (depleted) uranium or thorium for energy production and
utilization of spent nuclear fuel. The period of execution of the project first stage is 2010-2012. It is
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carried out within the framework of a broad international collaboration on the basis of the JINR
facilities.

In 2011, using a new subcritical assembly “QUINTA” consisting of 500 kg of natural metal
uranium, the distributions of neutron fluxes, fission rates and ***Pu recovery as well as the time
dependence of the delayed neutron yield after irradiation of the assembly with a pulsed deutron beam
of the JINR nuclotron were measured in the energy range of E,=2 -6 GeV. The tendency of the
average energy of neutrons <E,> inducing fission of U inside the assembly to grow with an increase
in the energy of incident deutrons (discovered in the experiments in 2010) has been confirmed. The
value of <En> ran as high as ~ 30 MeV at E; =6 GeV. It has been found (with an error of 10-15 %)
that the integral number of fissions in the assembly grows, at least linearly with increasing E4, whereas
the relative total yield of delayed neutrons generated in the fission of the assembly nuclei increased
approximately six times as the value of E; grew from 2 to 6 GeV. In December, 2011, the
measurements on the nuclotron continued in a wider deuteron energy range and using a more
advanced technique (Fig. 25).

The long-term research objective is to obtain reliable data on the nuclear-physical
characteristics of the QUINTA assembly as a central zone of a large (22 tons) uranium target BURAN
(Fig. 26) available in JINR, and the complex development of the measurement techniques with this
target.

Fig. 25. QUINTA assembly at the radiation Fig. 26. Large uranium target BURAN.
position. March, 2011.

In addition, the obtaining of the fullest possible set of experimental data on the QUINTA assembly is of
independent fundamental importance for modification of the models of interaction of relativistic
particles with extended multiplying media and for verification of the corresponding codes.

3.8. Experiment to study the quasi-elastic scattering of ultracold neutrons upon
reflection from the surface of hydrogen-free Fomblin oil

An experiment has been carried out to measure the probability of quasi-elastic UCN scattering
(“weak heating” of UCN) following their reflection from the surface of hydrogen-free Fomblin oil. The
experiment has been performed in ILL (PF2 instrument) with the LGS spectrometer (developed in
FLNP). Its external view is presented in Fig. 27.
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The temperature dependence of the
probability of UCN “weak heating” (Fig. 28) and
spectra of heated neutrons have been obtained.
The comparison of the obtained temperature
dependence with the results of the work
[A.P. Serebrov et al., Physics Letters A
309 (2003) 218-224] taking into account the
difference in the performance of the experiments,
allows us to draw a conclusion that the spectrum
of scattered neutrons remains the same at all
temperatures and only the total probability of
weak heating undergoes a change.

Fig. 27. An external view of the LGS
spectrometer.

Nowadays there are two hypotheses explaining this phenomenon — UCN scattering by
capillary waves and UCN scattering by nanodrops formed near the liquid surface. The comparison
of the Fomblin-heated neutron spectra with the spectra obtained with nanodispersed diamond
samples and the comparison of the obtained temperature dependence with the dependence
calculated in the work [S.K. Lamoreaux, R. Golub, Phys. Rev. C 66, 044309 (2002)] point to the
fact that the second hypothesis is more credible. To reach an unambiguous conclusion, additional
calculations of the temperature dependence of UCN scattering by capillary waves should be
performed.
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3.9. Status of a new experiment to test the equivalence principle for neutrons

A new UCN spectrometer EPIGRAV specially designed for the experiment to verify the
equivalence principle for neutrons was constructed and tested in 2010 (Fig. 29).
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The operation of the instrument
is based on the combined use of
Fabry-Perot neutron interferometers
and neutron flux modulator-chopper.
The peculiarity of the instrument is the
possibility of using the original time-of-
flight technique based on the
measurement of the detector count
rate oscillation phase. The detection of
UCN is performed by a scintillation
detector  synchronized with a
modulator. A high degree of beam
monochromatization makes it possible
to work with the times of flight, which
many times exceed the modulation
| e — period, thus ensuring a unique energy

v 8 8%~ ] | resolution of the instrument.
Fig. 29. The EPIGRAV spectrometer on the UCN source at ILL
(Grenoble, France). December, 2011.

The analysis of the results of its first tests, however, pointed to the insufficient stability of its
basic module: chopper-modulator. What is more, it was realized that under some conditions a
failure in the operation of the modulator can lead to a serious breakdown. Therefore in 2011 a new
chopper-modulator (Fig. 30) was designed and constructed, which demanded an essential change
in the configuration of the spectrometer. Simultaneously, a mechanism for moving an interferential
filter was improved and a new gas UCN detector with a thin converter layer of B was
manufactured. In cooperation with the group of the Institute of Nuclear Physics of the Johannes
Gutenberg University of Mainz (Germany) new Fabry—Pérot interferometers (FPI) intended for use
in the new spectrometer have been calculated, constructed and tested.

Fig. 30. A new detector with 198 converter and its amplitude spectrum.
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Comprehensive tests of the device have been conducted on the UCN beam of the Institute
Laue Langevin (Grenoble, France). The new version of the chopper proved to be very good.
During the tests it has worked without failures for about five hundred hours. The stability of
frequency modulation was of the order of 2x10™. The spectrometer has rather high spectrometric
qualities. The time resolution At/t measured in the experiment was less than 2 % (Fig. 31).

During the trials the spectrometer has been tested in all modes necessary for conducting a new
gravitational experiment to verify the equivalence principle for neutrons. A number of test
experiments to search for optimum conditions for the measurements have been carried out.
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Fig. 31. A time-of-flight spectrum of
ultracold neutrons monochromated
by passing through a Fabry—Pérot
interferometer.
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3.10. Investigations of space parity violation effects

The measurements of the P-odd asymmetry in the radiative cross-section of natural lead
have been performed at the PF1B cold polarized neutron beam facility in ILL (Grenoble, France).
The experiment was conducted to obtain additional information to explain the anomalously high
value of the neutron spin rotation in the measurements of transmission of transversely polarized
neutrons through a sample.

The cold-neutron flux (average wavelength — 4.7 A) was ~10"1/s. The neutron
polarization was no worse than P,= 92 %. A lead target (purity — 99.95 %) was positioned on the
longitudinally polarized neutron beam between y-quantum detectors. Nal (Tl) crystals 200 mm in
diameter and 100 mm thick served as detectors. For absorption of scattered neutrons the target
was placed in a box of lithium rubber (°LiF) ~ 1.9 mm thick, open from the side of beam entrance to
the target. In the "zero" experiment the measurements were carried out with the box without a
sample. The neutron polarization was changed by an adiabatic flipper. To decrease the effect of
the reactor power fluctuations, an integral method was used at neutron polarization switching
frequencies (8.3 Hz) higher than the frequencies of the main spectrum of the neutron noise of the
reactor. The measurements with the lead sample were carried out for 10 days. The measurement

result corrected for the neutron polarization is afxp =(3.3£2.9)x10”". The measurement result of
the “zero” test on the beam without a lead target normalized to the usual components of the basic
experiment and corrected for the neutron polarization is ¢, ., =(@.0+2.0)x107. The

measurement time — 6.5 days. Taking the “zero-test” into account the asymmetry effect was found
to be a (™Ph)=(23+35)x107 or «, <8.1x10" at the 90% confidence level. The achieved

accuracy is still insufficient to perform the combined analysis of P-odd effects in lead.
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3.11. Work in the framework of the project dedicated to the direct measurement of n-
n scattering.

In cooperation with Gettysburg College (Gettysburg, Pennsylvania, USA) the results from
the first experiments on the direct measurement of the n-n scattering cross section at the YAGUAR
pulsed reactor (Snezhinsk, Russia) aimed at studying charge symmetry of nuclear forces have
been prepared for publication. According to the preliminary data the background of unknown
nature has been detected, which was assumed to be connected with the radiation-induced
hydrogen desorption from the surface of the aluminum channel of the instrument under an
extremely high dose of gamma radiation during the reactor pulse. The simulation of transport of
photons and photon-generated electrons in the central metal tube of the n-n facility has
demonstrated that the desorption with a coefficient n(y) = 0.01 is induced by low-energy (15-
200 eV) electrons. The paper titled “Direct measurement of nn-scattering: the gamma ray-
outgassing complication” has been submitted for publication in “Journal of Physics G: Nuclear and
Particle Physics”.

3.12. Creation and development of UCN sources

In cooperation with the research team of the ultra-cold neutron source of the Los Alamos
National Laboratory (Los Alamos, New Mexico, USA) the simulation and the measurement of the
flux density of cold neutrons in the facility have been performed. This source utilizes fast neutrons
generated by 800-MeV protons in a tungsten target of the accelerator. Using polyethylene, the
source slows down neutrons to cold energies and in a special cryostat converts them to UCN in the
open 1.5-liter volume of solid deuterium cooled by liquid helium. UCN are transported to the
experimental hall through stainless steel pipes. The density of 30 UCN/cm® behind a biological
shield has been achieved. This work has become a component part in the publication
“Performance of the LANL spallation-neutron driven solid deuterium ultra-cold neutron source”
submitted to “Review of Scientific Instruments”.

3.13. Search for new short-range spin-dependent interactions

Possible neutron experiments to search for new short-range spin-dependent forces have
been considered. The spin-dependent nucleon-nucleon interaction between neutrons and nuclei
may be responsible for various effects: phase shift of a neutron wave in neutron interferometers of
different types, in particular of the Lloyd mirror configuration, neutron spin rotation in a pseudo-
magnetic field, and transverse deflection of a polarized neutron beam by a layer of substance. The
sensitivity assessment of these experiments has been made.

4. Theoretical investigations

4.1. Development of the IREN facility

The energy and angular distributions of neutrons produced under irradiation of various samples-
radiators by electron beams of linear accelerators have been investigated. Neutron spectra have
been obtained for radiators consisting of heavy elements (U, Ta, W, Pb) in relation to current,
electron energy of the accelerator and parameters of the radiator, which is necessary for
optimization of neutron sources that use modern electron linear accelerators. A consistent
theoretical description of interaction of electrons and photons with nuclei makes it possible to
describe successfully the production of neutrons without resorting to numerical simulations. The
neutron distributions obtained thus far in the experimental measurements on various linear electron
accelerators have been compared with the results of the calculations.
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4.2. On the possibility to increase the IREN neutron flux

A neutron-generating target of IREN surrounded by a beryllium cylinder 11-41 cm in
diameter is considered (Fig. 32). A considerable cross section of the (n, 2n) reaction for beryllium
(of the order of 0.6 barn) at a neutron energy of 4-10 MeV may increase the IREN neutron flux if
the real neutron spectrum from the source has a significant part of fast neutrons. The neutron yield

and time distribution for a W-Be source have been estimated using the GEANT and FLUKA
software packages (Table. 2).

H=20cm

2R=11. 21. 31. 4lcm
2r=1lcm
h=4cm
a=2cm

Fig. 32. The source design for the given calculations.

Table 2. Neutron yield per 1 electron (calculations using GEANT).

Cylinder diameter
11cm 2lcm 3lcm 41 cm
Electron energy of 30 MeV
Air 0.00648 0.00642 0.00647 0.00640
Yield in 47 0.0064 0.0063 0.0062
Be 0.00728 0.00760 0.00779 0.00767
Be/Air ratio 1.12 1.18 1.20 1.20
Yield from cylinder Air 0.00575 0.00452 0.00362 0.00289
lateral surface Be 0.00662 0.00514 | 0.00343 | 0.00200
Be/Air ratio 1.15 1.14 0.95 0.69
Electron energy of 50 MeV
Air 0.0139 0.0139 0.0139 0.0139
Yield in 47 0.0128’
Be 0.0159 0.0166 0.0167 0.0167
Be/Air ratio 1.14 1.19 1.20 1.20
Yield from cylinder Air 0.0123 0.00983 0.00776 0.00631
lateral surface Be 0.0145 0.0112 0.00738 | 0.00440
Be/Air ratio 1.18 1.14 0.95 0.70

* - values obtained using FLUKA
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The effect of increasing number of neutrons after their passage through a beryllium layer of
thickness L can be written as:
O

D20 N (Lt p) s
O-l

L
N =N, + NOI[exp(—nolx)na[dx]
0

an n
p=—"2"[1-exp(-no,L)]
Oy
In the case that L>10 cm u~ %n2nand for neutron energies higher than 4 MeV u~1/2.
Gt
The calculations presented in Fig. 33, have demonstrated the groundlessness of the idea about a

possible time delay of neutrons due to their passage through beryllium (and, as a result, about
possible neutron pulse widening). The estimated pulse widening was no more than 200 ns.

0,0015 1 1 1 1 1 1 1 1 1

0,0010 | -
\ Fig.33. Neutron time delay
‘ distribution when moving through
beryllium (beryllium diameters — 21

0,0005 [ L and 41 cm).

Netrons per 1 electron

0,0000

0 100 200 300 400 500 600 700 800 900 1000
Delay time ns

4.3. Investigations of neutron-optical phenomena

The feasibility of experimental investigation of magnetic structures placed in an oscillating
field is under discussion. It has been shown that the probabilities of reflection and transmission
with and without spin flip have a resonance structure. The application of this phenomenon makes it
possible to measure the magnetic field penetration profile, induction and magnetic susceptibility in
alternating fields with a higher precision. It has been demonstrated that the refraction of neutrons in
a magnetic prism under the action of an alternating field results in 8-fold splitting of an initially
unpolarized beam. The intensity and polarization of each component depend on the magnitude
and frequency of the alternating field. The possibility of measurement of magnetic permeability of
films of angstrom-order thickness in alternating fields inside wave neutron resonators has been
studied.

An experiment has been proposed on the amplification of an electromagnetic field under
multiple total internal reflection from active media.

The Einstein-Podolsky-Rosen (EPR) paradox has been considered. The unavoidable
redefinition of values of physical quantities has been shown to resolve the paradox. It has been
demonstrated that according to the EPR logic the entangled states do not exist, and the
measurement of violations of Bell's inequalities using downconversion photons does not mean a
rejection of quantum mechanical locality. The consequences of the absence of the entangled
states are under discussion.
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5. Applied research

5.1. Nuclear-physical analytical techniques using charged particle beams

At the charged particle beams of the EG-5 accelerator (FLNP) the systematic studies of
depth profiles of the elements in the near-surface layers of construction materials with the depth
resolution of about 10 nm have been performed. In cooperation with IEE SAS (Bratislava,
Slovakia) the content of light elements (including hydrogen) in layered structures produced on the
silicon surface by means of PECVD (plasma-enhanced chemical vapor deposition) has been
studied.

In cooperation with VSU (Voronezh) the studies of various layered structures for the
technical use by means of the back-scattering of helium ions have continued.

In cooperation with MCSU (Lublin, Poland) the influence of the ion implantation on the
optical properties of the natural oxide layer covering the silicon surface and A3B5-type compounds
has been investigated.

The investigations of deuterium depth profiles have proved to be useful for studying the
influence of the electronic screening effect on the d(d,n)*He-reaction rate in the range of ultralow
deuteron collision energies in ZrD, and TiD, targets. This work has been done by a large group of
researchers from JINR, P.N.Lebedev Physical Institute of RAS (Moscow), National Research
Tomsk Polytechnic University (Tomsk, Russia), Institute of Electrical Engineering of the Slovak
Academy of Sciences (Bratislava, Slovak Republic), University of California (USA), University of
Science and Technology (Krakow, Poland).

5.2. Development of analytical techniques using neutron spectrometry

At the IREN pulsed resonance neutron source the activities have been carried out on the
development and application of the methods of elemental and isotope analysis using neutron
spectrometry. The analysis of the boron content in ceramics of nanocomposite materials prepared
in the Belorussian State University (Minsk) has been performed by measuring neutron
transmission. In cooperation with the Sternberg Astronomical Institute MSU the objects of
presumably extraterrestrial origin have been investigated by means of the resonance spectrometry
method. In the samples from bottom sediments of a brook in an Altai mountain glacier a rather high
iron content has been found. The work is in progress.

5.3. Analytical investigations at the IBR-2 reactor and IREN
Development of the NAA Sector experimental base.

IBR-2. In 2011, the rooms of the radioanalytical complex REGATA were repaired. The
spectrometer equipment and software for processing gamma spectra were modernized, the
software package was developed for automation of spectrum acquisition on the basis of Genie-
2000 (Canberra) and for calculation of element concentrations determined by the neutron
activation method. In the process of preparation of the NAA and Applied Research Sector for
accreditation according to the 1ISO-17025 standard the universal database control system for NAA
has been created in FLNP JINR.

IREN. In cooperation with «Development and Application Base in Physics (DAB-Physics)», Sofia,
Bulgaria, the manufacturing of a pneumatic transport system for NAA studies at the IREN facility
has been completed.

Method development. In October, 2011, during the first reactor cycle after the completion of
modernization of IBR-2 the measurement of thermal, resonance and fast neutron flux densities
was carried out in the irradiation channels of the REGATA pneumatic transport facility.
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Biomonitoring. In 2011, in the framework of the international program “Heavy metal atmospheric
deposition in Europe — estimations based on moss analysis” the studies on multielement
atmospheric deposition in Croatia (Spiric et al., 2011) and in Serbia (Krmar et al., 2011) reflecting
the contribution of the NAA Sector to the European Atlas were published. In cooperation with the
Belgian Nuclear Research Centre SCK CEN a technique for the determination of depleted uranium
in moss-biomonitors using ko-method in NAA has been developed (P. Vermaercke et al., 2011). In
October-December, 2011, NAA was performed for moss samples from three regions of the
Russian Federation (Leningrad region, area near the city of Tikhvin; Kostroma region; Western
Siberia, lksinsky swamp), Belarus (Minsk and Gomel regions) and the ferrochrome production area
in Norway.

Ecosystem condition assessment. A report for the Black Sea Economical Council and a publication
in the international journal have been prepared on the results of the international project between
Black See countries (BSEC-PDF) “Revitalization of urban ecosystems with the help of higher
plants” with the participation of Russia (JINR), Bulgaria, Greece, Serbia, Romania and Turkey
(2008-2010).

In December, 2011 within the framework of the project «The environmental assessment of the Nile
delta area using nuclear-physical analytical methods» the neutron activation analysis of soils and
bottom sediments from the territory under study was performed on the IBR-2 reactor in cooperation
with the Egyptian specialists. Data treatment is in progress.

Radioecology. The program for investigation of distributions of '*’Cs and ?'°Pb isotopes in mosses-
biomonitors collected on the territory of Belarus and Slovakia 23 years after the Chernobyl accident
has been completed. Gamma-spectrometry of the moss samples has been performed in the low-
background laboratories at the Comenius University in Bratislava, Slovakia, and at the Nuclear
Energy Corporation of South Africa (NECSA). In cooperation with the Slovakian and Norwegian
scientists the data on the season variations of '*’Cs and “°K isotopes in the ground air of Bratislava
have been analyzed, which in the authors’ opinion is the result of soil resuspension.

Geology. In cooperation with the Bucharest University, Romania, and the Geological Institute of
RAS the multi-element analysis of bottom sediments and rocks of two semiclosed ecosystems of
the glacial lake Balea (Fagaras mountains) and the crater lake St. Ana (Harghita mountains) has
been carried out at the reactor of MEPHI in Moscow. The obtained results are of great interest for
practical geology. The analysis of geological samples (ore) from one of the most promising non-ferrous
metal deposits in Mongolia has been made using the neutron activation technique. In cooperation with
the Vietnamese specialists and employees of FLNR JINR the behavior of rare-earth elements in the
plant-soil system of Northern Vietnam has been studied. In December, 2011 the analysis of soils and
medicinal clays from Romania was carried out on the IBR-2 reactor.

Analysis of materials of extraterrestrial origin. In December, 2011 on the REGATA facility the test
neutron activation analysis was conducted for the sample of presumably extraterrestrial origin,
which had been collected from a melting high-mountain glacier in Altai. The analysis of the same
sample was performed on the IREN facility. The continuation of this work is scheduled for 2012.

Human and animal health, herbs. The studies on biomonitoring of atmospheric deposition with the
use of land plants and their relation with the epidemiological data carried out in the NAA and
applied research sector have been presented at the All-Russian scientific and practical
conference «Monitoring of the health state, quality and lifestyle patterns of the population in
Russia. The effects of behavioral risk factors on the population health» (June 7-8, 2011, Moscow).

Unique data on the element composition of some herbs from Mongolia and India applied in Asian
alternative medicine have been obtained for the first time.

Biotechnologies. In 2011, in collaboration with the E.Andronikashvili Institute of Physics,
I.Javakhishvili Thilisi State University and |.Chavchavadze State University (Thilisi, Georgia) the
studies on the development of methods for synthesis of silver and gold nanoparticles by certain
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kinds of Actinomycetes including Arthrobacter as well as by blue-green algae Spirulina platensis
continued. The effect of time and dose dependences on the formation of nanoparticles was
investigated. A complex of spectroscopic and analytical methods — ultra-violet spectroscopy (UV-
vis), X-ray diffraction (XRD), transmission electron microscopy (TEM), scanning electron
microscopy (SEM), as well as neutron activation analysis (NAA) and atomic absorption
spectroscopy (AAC) techniques was used for testing the experimental samples. Within the
framework of joint studies with the South African Nuclear Energy Corporation (NECSA) NAA of a
biomass with gold nanoparticles has been performed on the SAFARI-1 reactor (Pretoria, South
Africa).

Materials science. In cooperation with the Scientific and Practical Materials Research Center of the
National Academy of Sciences of Belarus the studies of the role of trace impurities in the
technology of crystallization of cubic boron nitride continued. Starting from 2011 within the
framework of the joint grant (JINR-Romania, 2011) the Romanian specialists in x-ray diffraction
and scanning electron microscopy under the direction of Prof. A.Ene (University of Galati,
Romania) take part in these studies.
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THE IBR-2 PULSED REACTOR

In 2011, the activities on the IBR-2 research reactor were carried out in accordance with the
tasks of the theme “Development of the IBR-2M reactor with a complex of cryogenic neutron
moderators” with the maintenance of the regular operation of all reactor systems. Upon the completion
of modernization of the IBR-2 reactor in 2010, during 2011 the physical startup was conducted in
steady-state and pulsed modes followed by a successful power startup with the achievement of the
designed power of 2 MW. In November-December two cycles of test physical experiments were
performed on the extracted neutron beams at the reactor power of 2 MW in order to obtain more
accurate and specific user characteristics of the modernized reactor. Also, a set of documents
necessary for obtaining the Rostechnadzor license for the regular operation of the reactor has been
prepared.

The program of the physical startup of the modernized IBR-2 reactor included the experiments
aimed at determining the actual values of the critical parameters of the reactor core, the efficiency of
the reactor control units, safety systems, the duration of power pulses and their amplitude fluctuation,
as well as a number of other physical characteristics of the reactor necessary for confirmation of its
design capabilities and determination of its safe operation margins. The program of the physical
startup included the reactor operation in three modes:

e mode of achieving critical mass;
o steady-state power mode in the range of 1-5000 W;
e pulsed mode with a pulse repetition rate of 5 Hz at a mean power of up to 100 kW.

Upon completion of the work under the program of the physical start-up the State Acceptance
Commission confirmed the readiness of the reactor for the power start-up. The aim of the power start-
up was to verify and specify the design margins and conditions of safe operation of individual units
and the reactor as a whole at a power of up to 2 MW.

Within the framework of the program of the power start-up the following measurements were to
be carried out:

e determination of absolute power level,;

e measurement of thermal characteristics of the reactor;

e measurement of power pulse fluctuations and MR-3 vibrations;

e measurement of power and Na-flow reactivity effects;

e measurement of reactivity balance;

e investigation of characteristics of the safety control system (SCS);
¢ measurement of isothermal reactivity coefficient;

e measurement of power pulse shape;

¢ radiation monitoring in the technological and beam outlet areas

In 2011, the work to develop and construct a complex of cryogenic moderators was carried out
in two main directions:

1. More than 30 cooling cycles with and without loading mesitylene beads to the simulation
chamber were carried out on the test stand installed on channel 3 in the IBR-2 experimental hall.
Using the results of these experiments:
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a) the technology of full loading of mesitylene beads to the simulation chamber for 3-5 hours has
been developed;

b) hydrodynamical and thermophysical properties of the pneumatic conveying system have been
studied, which is necessary for designing real units of pneumatic systems for transporting beads to the
moderators;

c) the bead movement monitoring system on the basis of differential pressure diaphragm
sensors has been developed;

d) the technical documentation necessary for installation of the cryogenic moderator on its
regular place has been worked out.

2. Starting-up and adjustment works were continued on the refrigerator facility KGU-700/15.

IREN FACILITY

During the first half of 2011 the experiments on the element and isotope analysis of space dust
samples were carried out and the electronics for multichannel detectors of gamma-quanta for nuclear
data experiments were developed.

Starting from July, 2011, the activities to put a new klystron Toshiba E3730A into operation
have been in progress.
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8 (2). C .228 — 236. Physics of Elementary Particles and Atomic
Nuclei. Letters. 2011. V. 8 (2). P. 228-236.
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MosepxHocTb, 2011, npeactaBneHo k nevatn.PbibuHa A.B.,
Edumos B.B., Anekcees [.A., TposiHuyk W.0O., NeBaHoB A.C.,
CukoneHko B.B., KnemenTbeB E.C., iccnegoBaHue guHamuku
pewetkn LaCoO3 meTogoM  Heympyroro  paccesiHus
HenTpoHoB // MoeepxHocTb. 2011. T. 12. C. 16-20.

109. CymuH B. B., Bacux P. H., ManywkuH W. B., Banarypos A.
M., BegepHukoB T. A., CsupugeHko O. B., WHangep P.,
Bumnopn  P.  Pesynbtatbl  M3MEpPEHMs  OCTaTO4HbIX
nedopmaumn B kopnyce BB3P-1000 // ATomHasi aHeprus.
2011. T. 110. Ne 2. C. 78-83.

7. Instruments and Methods

110. Bodnarchuk I., Manoshin S., Yaradaikin S., Kazimirov V.,
Bodnarchuk V. The effect of gravity on the resolution for time-
of-flight specular neutron reflectivity // Nuclear Instruments and
Methods in Physics Research A. 2011.V. 631. P. 121-124.

111. Erhan R. V., Manoshin S., Pepy G., Kuklin A. I., Belushkin A.
V. and Zamfir N. V. A concept for the modernization of a SANS
instrument at the IBR-2M pulsed reactor. Nuclear Instruments
and Methods in Physics Research Section A: Accelerators,
Spectrometers, Detectors and Associated Equipment // Nuclear
Instruments and Methods in Physics Research A. 2011. V. 634.

issue 1. supl.1, April, S161-S164. doi:10.1016/j.nima.

112. Kuklin A. |, Balasoiu M., Erhan R. V., Ivankov O .l
Rogachev A. V., Kovalev Yu. S., Soloviov D. V., Smirnov A.
A., Kutuzov S. A., Kirilov A. S., Kappel W., Cios M., Cios A.,
Gordeliy V. I. New possibilities using a magnetic system at
SANS YuMO spectrometer, YUMO — SANS User Meeting
Proceeding // Journal of Physics: Conference Series. 2011
(submitted).

113. Kuklin A. I., Soloviov D. V., Rogachev A. V., Utrobin P. K.,
Kovalev Yu. S., Balasoiu M., Ivankov O. 1., Sirotin A. P.,
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Murugova T. N., Petukhova T. B., Gorshkova Yu. E., Erhan R.
V., Kutuzov S. A., Soloviev A. G., Gordeliy V. I. New
opportunities provided by modernized small-angle neutron
scattering two-detector system instrument (YuMO) // Journal of
Physics: Conference Series. 2011. V. 291. P. 012013, P. 1-7.

114. KyknuH A. W., Poros A. [., l'opwkosa 0. E., YTpobuH M. K.,
Koeanes tO. C., PoraueB A. B., MiBaHbkoB O. W., Kyty3os C. A,
ConosbeB [1. B., l'opgenuii B. . AHann3 cnekTpoB 1 NMOTOKOB
OT KPUOTEHHbIX W TEMmnoBbIX 3amMeanuTenen HeWTPOHOB
peaktopa MIBP-2 no pesynbtataMm MoaenupoBaHus u

©©©.
48

3KCMEPVMMEHTOB Ha YCTaHOBKE MarioyrfoBOro paccesiHus
FOMO // NMucbma B QYAA. 2011, BbIN. 2. C. 200-217.

115. Py6uos A. B., MupoH H. ®., BogHapuyk B. U., ComeHkoB B.
A., ApapaiikuH C. . Co3aaHne HeWTpPOHHOro pedrnekromeTpa
Ha TennoBbIXx HeWTpoHax // lNoBepxHOCTb, PeHTreHoBckue,
CVHXPOTPOHHbIE W HEWUTPOHHble uccnegoBanus. 2011 (B
nevatu). / Rubtsov A. B., Miron N. F., Bodnrachuk V. I.,
Somenkov V. A., Yaradaykin S. P., Design of neutron
reflectometer on thermal neutrons // J. Surf. Investigat. X-ray
Synch. Neutron Tech. 2011 (in press).

Patents

116. HwukunteHko HO. B. Cnocob onpeneneHns NpocTpaHCTBEHHOMO
pacnpefeneHus HaMarHWYeHHOCTU HaHocnosi, PelueHne o

Bblaaye nateHTa Ha u3obpetenne ot 10.11.2011 .

Conferences

117. Anghel L., Balasoiu M., Ishchenko L. A., Stolyar S. V.,
Rogachev A. V., Kurkin T. S., Kuklin A. I., Raikher Yu. L.,
Iskhakov R. S., Arzumanian G. M., “SAXS Studies of
Ultrasonicated Dispersions of Biomineral Particles Produced by
Klebsiella oxytoca”, Book of abstracts, Moscow International
Symposium on Magnetism, MISM2011, August 20-25, 2011,
Moscow, Russia, 22PO-M-1.

118. Avdeev M. V., Aksenov V. L., Kyzyma O. A., Kyrey T. O.,
Bulavin L. A., Solvatochromism and cluster formation in
solutions of fullerene Cgo. International conference “Advanced
Carbon Nanostructures ACN-2011", July 4-8, St Petersburg,
Russia, 2011. Oral report.

119. Avdeev M. V., Aksenov V. L., Scattering methods in complex
characterization of magnetic colloidal systems, International
Workshop “Structural Aspects of Biocompatible Ferrocolloids:
stabilization, properties control and application” (BIOFC-2011),
August 19-20, 2011, Dubna, Moscow Reg., Russia. Invited
report.

120. Avdeev M. V., Aksenov V. L., Vekas L., Structure of
aggregates in water-based ferrofluids, Moscow international
symposium on magnetism (MISM-2011), MSU Moscow, August
21-25, 2011, Russia. Oral report.

121. Avdeev M. V., Bodnarchuk V.l ., Lauter H., Lauter-Pasyuk V.
V., Aksenov V. L., Yaradaikin S. P., Petrenko A. V., Rubtsov A.
B., Nagornyi A. V., Ulyanov V .A., Trounov V. A., Kalinin S. I.,
Bulkin A. P., Kudryashev V. A., GRAINS project: new neutron
reflectometer for liquid interfaces at IBR-2M reactor,
International Workshop “Structural Aspects of Biocompatible
Ferrocolloids: stabilization, properties control and application”
(BIOFC-2011), August 19-20, 2011, Dubna, Moscow Reg.,
Russia. Poster report.

122. Avdeev M. V., Comparative analysis of the aggregate
structure in biocompatible ferrofluids of different types by small-
angle neutron scattering, 5" European Conference on Neutron
Scattering, July 17-22, 2011 - Prague, Czech Republic. Oral
report.

123. Balagurov A .M. “Magnetic Neutron Crystallography -
Commensurate and Incommensurate Structures” The XXII
Congress and General Assembly of the International Union of
Crystallography, Madrid, Spain, August 22-30, 2011. Plenary
Lecture.

124. Balagurov A. M., Kudryashov V. A. “Correlation Fourier
technique for high-resolution diffractometry at long-pulse
neutron sources” The 2011 JCNS workshop “Trends and

Perspectives in Neutron Instrumentation: From Continuous to
Spallation Sources”, October 4-7, Tutzing, Germany.

125. Balasoiu M., ,Investigations of ferrofluids and magnetic
elastomers at the YuMO-SANS instrument’, SANS-YuMO
User Meeting, Dubna. 27-30 May, 2011, Book of Abstracts,
ISBN 978-5-9530-0285-1. P. 18.

126. Balasoiu M., A. M. Balasoiu Gaina, Rogachev A. V.,
Jigounov A., Bica ., ,On the modelling of the magnetic
nanoparticles influence on elastomer matrix from SAS data”,
SANS-YuMO User Meeting, Dubna, May 27-30, 2011, Book of
Abstracts, ISBN 978-5-9530-0285-1. P. 47.

127. Balasoiu M., Anghel L., Ishchenko L. A., Stolyar S. V.,
Meiszterics A., Almasy L., Rogachev A. V., Ivankov A. I.,
Soloviov D. V., Jigounov A., Kuklin A. I., Raikher Yu. L.,
Iskhakov R. S., Rosta L., Arzumanian G. M., ,SANS and
SAXS studies of biomineral particles produced by bacteria
Klebsiella Oxytoca”, 5-th European Conference on Neutron
Scattering, July 17-22, 2011, Prague, Book of Abstracts T79 |-
274. P. 306.

128. Balasoiu M., Anghel L., Ishchenko L. A., Stolyar S. V.,
Meiszterics A., Almasy L., Rogachev A. V., Ivankov O. I.,
Soloviov D. V., Jigounov A., Kuklin A. I., Raikher Yu. L.,
Iskhakov R. S., Rosta L., Arzumanian G. M., ,Characterization
of bio-synthesized nanopartices produced by Klebsiella
Oxytoca”, SANS-YuMO User Meeting, Dubna, May 27-30,
2011, Book of Abstracts, ISBN 978-5-9530-0285-1. P. 43.

129. Balasoiu M., Anghel L., Rogachev A. V., Kichanov S. E.,
Kuklin A. I., Stolyar S. V., Iskhakov R. S., Ishchenko L. A.,
Raikher Yu. L., Arzumanian G. M., “Structure investigations of
biogenic nanoparticles produced by bacteria Klebsiella
oxytoca”, BIOFC MISM - Satellite Meeting, August 19-20
2011.

130. Balasoiu M., Bica I., A. M. Balasoiu Gaina, Almasy L., Kuklin
A. I., ,Modeling of an elastomer matrix structure modification
with the variation of the magnetic nanoparticle concentration
from SANS data”, 5-th European Conference on Neutron
Scattering, July 17-22, 2011, Prague Book of Abstracts T81 |-
583. P. 307.

131. Balasoiu M., Bica I., Dokukin E. B., Kuklin A. I., Rogachev A.
V., Soloviov D. V., Jigounov A., Lebedev V. T., Raikher Yu. L.,
LLongitudinal and transversal polymerization applied magnetic
field effects on ferrofluid based elastomer microstructure by
means of SAXS and SANS method”, Book of abstracts,
Moscow International Symposium on Magnetism, MISM2011,
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August 20-25, 2011, Moscow, Russia

132. Balasoiu M., Culicov O. A,, lonita I|., “Neutron Scattering in
Romania”, ”, 3-rd Joint JINR-Romania School on Neutron
Physics and Life Sciences”, July 25-30, 2011, Targoviste.

133. Balasoiu M., Bica I., Lebedev V. T., Almasy L., Dokukin E. B.,
Kuklin A. 1., Raikher Yu. L., ,Transversal magnetic field and
particle concentration combined effects on ferrofluid based
elastomer microstructure investegated by means of SANS
method”, 5-th European Conference on Neutron Scattering, July
17-22, 2011, Prague, Book of Abstracts T80 1-286. P. 306.

134. Balasoiu M., Kuklin A. I., “Investigations of ferrofluids and
magnetic elastomers by means of small angle neutron
scattering method”, 3-rd Joint JINR-Romania School on
Neutron Physics and Life Sciences”, July 25-30, 2011,
Targoviste.

135. Balasoiu M., Lebedev V. T., Orlova D. N., Bica I., ,Magnetic
field and particle concentration competitive effects on ferrofluid
based silicone elastomer microstructure”, SANS-YuMO User
Meeting, Dubna, May 27-30, 2011, Book of Abstracts, ISBN
978-5-9530-0285-1. P. 50.

136. Bardushkin V., Nikitin A. N., Yakovlev V. B. Influence of the
quartz-biotite rocks microstructure on the velocities of
longitudinal elastic waves propagation. Stress and Texture
Investigations by Means of Neutron Diffraction: Book of
Abstracts of the International Conference, Dubna, June 6-9,
2011. Dubna: JINR, 2011. P. 40.

137. Bayaraa T., Nikitin A. N., Tselmovich V. A., Saltykovsky A.
Ya., lvankina T. I., Komatsu G., Ormé J.. Complex analysis of
impact origin Tsenkher ring structure (Mongolia)Stress and
Texture Investigations by Means of Neutron Diffraction: Book of
Abstracts of the International Conference. Dubna, June 6-9,
2011. Dubna: JINR, 2011. P. 41-42.

138. Behrmann J.H., Stipp M. & Ullemeyer K. Textural structural
and elastic wave velocity models for improved geophysical
imaging of subduction zones. Abstract at the STI-2011
conference, Dubna, Russia, June 6-9, 2011. P. 14.

139. Beskrovnyy A. |. and Jirdk Z. Structural modulation in

Bizsrzcao_4Yo_sCU203+d. ECNS-11. Prague, 17-22. 7. 2011.
CTeHaoBbIV goknag,.
140. Bica I, Balasoiu M., Kuklin A. I, “Effects in

Magnetorheological Elastomers polymerized in Magnetic Field”,
Book of abstracts, Moscow International Symposium on
Magnetism, MISM2011, August 20-25, 2011, Moscow, Russia.

141. Bica |., Balasoiu M., Kovalev Yu. S., Kuklin A. I., ,Effects in
magnetorheological elastomers polymerized in magnetic field
investigated by means of SANS metod”, SANS-YuMO User

142. Meeting, Dubna, May 27-30, 2011, Book of Abstracts, ISBN
978-5-9530-0285-1. P. 49.

143. Bobrikov I. A., Balagurov A. M., Structural anomalies in
ProsSrosCo03,  Scientific  school “Phase transition”, Zug,
Switzerland, August 2011.

144. Bokuchava G. D. “Neutron Fourier diffractometer FSD for
residual stress studies in advanced materials and industrial
components”, Proc. of the conference “Stress and Texture
Investigations by Means of Neutron Diffraction 2011 (STI-
2011)”, June 6-9, 2011, Dubna, Russia.

145. Bokuchava G. D., Balagurov A. M., “Residual stress studies
by neutron diffraction at the IBR-2 pulsed reactor”, IAEA
Technical Meeting on Catalogue of Products and Services of
Research Reactors: Applications of Neutron Beams, September

©©©.
®

5-9, 2011, IAEA Headquarters, Viena, Austria.

146. Burzo E., Balasoiu M., Isnard O., Kuklin A. ., Rogachev A.
V., Cuello G., Cristiglio V., Deme B., ,Magnetic Properties of
Erog Yo1Co, Compounds by means of SANS studies”, SANS-
YuMO User Meeting, Dubna, May 27-30, 2011, Book of
Abstracts, ISBN 978-5-9530-0285-1. P. 46.

147. Erhan R.V., Manoshin S., Pepy G., Belushkin A. V., Monte
Carlo simulations of neutron optical elements for a SANS
spectrometer at the IBR-2M pulsed reactor. Workshop on the
Monte Carlo simulation of neutron scattering instruments
(MCNSI7), Prague, July 23-24, 2011, ESS-workshop,
“Neutron Instrument Design School”, 06.06.2011-18.06.2011,
Lund, Sweden.

148. Frischbutter A., Walther K. & Scheffzuek C.: Beispiele fuer
neutronographische  Experimente  mit ~ Geomaterialien.
Ehrenkolloquium der Leibnitz-Sozietaet, Berlin, 14.10.11.

149. Frischbutter A., Walther K., Scheffzuek Ch. & Naumann R.:
Texture-residual strain relation within composite rocks from a
tectonic thrust belt (crossing the Gotthard-Basal Tunnel route
near Bodio, Switzerland): Experiments on Zuckerdolomit from
the Piora-Mulde (Gotthard Massif). Abstract at the STI-2011
conference, Dubna, Russia, June 6-9, 2011. P. 43.

150. Frischbutter A., Walther K., Scheffzuek Ch. & Naumann R.:
Texture-residual strain relation within composite rocks from a
tectonic thrust belt (crossing the Gotthard-Basal Tunnel route
near Bodio, Switzerland): Il: Experiments within the
granodioritic Leventina Gneis (Lucomago nappe). Abstract at
the STI-2011 conference, Dubna, Russia, June 6-9, 2011. P.
44.

151. lonita I., Kuklin A. 1., Balasoiu M., Fulger M., ,Study of the
aging behavior for the Incoloy 800HT standing a heat
treatment at high temperature using the TRIGA INR Pitesti Q-
space focusing neutron diffractometer and the IBR-2 YUMO
SANS instrument”’, SANS-YuMO User Meeting, Dubna, May
27-30, 2011, Book of Abstracts, ISBN 978-5-9530-0285-1. P.
56.

152. Kichanov S. E., Belushkin A. V., Kozlenko D. P., Lukin E. V.,
Savenko B. N., Rakhmanov S. K., Shevchenko G. P., Gurin V.
S., Malashkevich G. E., Haramus V. “The study of structure
aspects of optical properties in the optically active
nanosystems” goknag Ha 5th EUROPEAN CONFERENCE
ON NEUTRON SCATTERING. July 17-22, 2011, [para,
Yexus.

153. Kichanov S. E., Belushkin A. V., Kozlenko D. P., Lukin E. V.,
Savenko B. N., Rakhmanov S. K., Shevchenko G. P., Gurin V.

154. S., Malashkevich G. E., Haramus V. “The study of structure
aspects of optical properties in the optically active
nanosystems” goknag Ha SANS-YuMO User Meeting, May 27-
30, 2011, Oy6Ha, Poccus.

155. Kichanov S. E., Kozlenko D. P., Belushkin A. V., Reutov V.
F., Samoilenko S. O., Jirdak Z., Savenko B. N., Bulavin L. A.
and Zubavichus Y. V. «A study of formation of iron
nanoparticles in aluminium matrix with helium pores.» poknag
Ha SANS-YuMO User Meeting, May 27-30, 2011, [Oy6Ha,
Poccus.

156. Kichanov S. E., The Xl-th International School-Seminar
«The Actual Problems of Microworld Physics» [oknaa-nekuus
«The structural aspects of a functional properties forming in
materials: neutron studies» Nomens, Benapyce, 2011.

157. Kiselev M. A. Possibilities of the neutron and synchrotron
radiation for the characterization of the lipid nanosystems.
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Workshop Structural aspects of biocompatible ferrocolloids: texture of the lithosphere rocks at high pressures — based on
stabilization, properties control and application August 19-20, ultrasonic and neutron diffraction measurements. Stress and
2011 Dubna, Moscow Reg., Russia. YcTHbI goknaga. Texture Investigations by Means of Neutron Diffraction: Book
158, Kozhevnikov S. V., Ignatovich V. K., Nikitenko Yu. V., Ott F., of Abstracts of the International Conference, Dubna, June 6-9,
Radu F., Rihm A., Major J., Neutron magnetic resonance and 2011. Dubna: JINR, 2011, P. 24.
non-specular reflection from a magnetic film placed in an 168. Lychagina T. A., Nikolayev D. I., Neutron diffraction texture
oscillating magnetic field. CteHgosbiit goknaa. 5" European study of Carrara marble. Abstract at the STI-2011 conference,
Conference on Neutron Scattering, July 17-22, 2011, Prague, Dubna, Russia, June 6-9, 2011. P. 46.
Czech Republic. 169. Mamedov T. N., Balasoiu M., Barsov S. G., Bica D., Gritsaj
159. Kozlenko D. P., Belik A. A., Kichanov S. E., Mirebeau I., K. I., Duginov V. N., Komarov E. N., Koptev V. P., Kotov S. A.,
Sheptyakov D. V., Straessle Th., Makarova O. L., Belushkin A. Petrescu C., Shcherbakov G. V., Vekas L., Vorob'ev S. I.,
V., Marshall W. G., Savenko B. N., Takayama-Muromachi E. Zhukov V. A., “uSR Study of Fe;0, and of CoFe,0, colloidal
«Novel magnetic and structural phases in compressed Bi-based magnetic systems”, BIOFC MISM - Satellite Meeting, August
oxide  multiferroics»  pgoknag Ha  5th EUROPEAN 19-20, 2011.

CONFERENCE ON NEUTRON SCATTERING July 17-22,

170. Matthies S. On the estimation of elastic properties of mulri-
2011, Mpara, Yexus.

phase textured materials. Stress and Texture Investigations by

160. Kuklin A. 1., Balasoiu M., Erhan R. V., Ivankov O. I., Means of Neutron Diffraction: Book of Abstracts of the
Rogachev A. V., Kovalev Yu. S., Soloviov D. V., Smirnov A. A., International Conference, Dubna, June 6-9, 2011. Dubna:
Kutuzov S. A., Kirilov A. S., Kappel W., Cios M., Cios A., JINR, 2011. P. 31.

Gordeliy V.l ., New possibilities using a magnetic system at 171. Murugova T. N., Ilvankov O. I., Kuklin A. 1., Muranov K .O.,

SANS YuMO spectrometer. SANS-YuMO User Meeting,

Poliansky N. B., Garamus V. M., Krivandin A. V. Structure
Dubna, May 27-30, 2011, Book of Abstracts, ISBN 978-5-9530-

percularities of alpha-crystallin studied by small angle neutron

0285-1. P. 53. and x-ray scattering, 5th European conference on neutron
161. Kuklin A. 1., Balasoiu M., Erhan R. V., Ivankov O. I, scattering, Prague, Czech Republic, 2011.

Rogachev A. V., Kovalev Yu. S., Soloviov D. V., Smirnov A. A, 172. Nagornyi A. V., Avdeev M. V., Petrenko V. I., Aksenov V. L.,

Kutuzov S. A., Kirilov A. S., Kappel W., Cios M., Cios A, Bulavin L. A., Modeling of small-angle neutron scattering

Gordeliy V. 1., ,New possibilities using a magnetic system at

curves from magnetic fluids taking into account particle

SANS  YuMO spectrometer’, SANS-YuMO User Meeting, anisotropy, 3d Joint Seminar-School JINR-Romania on

Dubna, May 27-30, 2011, Book of Abstracts, ISBN 978-5-9530- Neutron Physics for Investigations of Nuclei, Condensed
0285-1. P. 53. Matter and Life Sciences, July 24-30, Targoviste, Romania.
162. Kuklin A. 1., Rogov A. D., Erhan R. V., Manoshin S., Ivankov Poster report.

O. |, Gordeliy V. I., New configuration of YuMO spectrometer 173. Nagornyi A. V., Petrenko V. I., Avdeev M. V., Bulavin L. A.
and moderator at modernized IBR-2 reactor, SANS-YuMO User Aksenov V. L., On determination of structure ’parameters of

Meeting, Dubna, May 27-30, 2011, Book of Abstracts, ISBN ferrofluids by small-angle neutron scattering, International
978-5-9530-0285-1. P. 30. Workshop “Structural Aspects of Biocompatible Ferrocolloids:

163. Kuklin A. I., Soloviov D. V., Rogachev A. V., Utrobin P. K., stabilization, properties control and application” (BIOFC-2011),
Kovalev Yu. S., Balasoiu M., Ivankov O. I., Sirotin A. P., August 19-20, 2011, Dubna, Moscow Reg., Russia. Poster
Murugova T. N., Petukhova T. B., Gorshkova Yu. E., Erhan R. 174. Nagornyi A. V., Petrenko V. ., Avdeev M. V., Bulavin L. A.,
V., Kutuzov S. A., Soloviev A. G., Gordeliy V. I., "Standard Aksenov V. L., On determination of structure parameters of
sample environment on the Yumo spectrometer” , SANS-YuMO ferrofluids by small-angle neutron scattering, SANS-YuMO
User Meeting, Dubna, May 27-30, 2011, Book of Abstracts, user meeting at the start-up of scientific experiments on IBR-
ISBN 978-5-9530-0285-1. P. 55. 2M devoted to the 75" anniversary of Yu.M. Ostanevich's

164. Kyrey T. O., Kyzyma O. A., Avdeev M. V., Korobov M. V., birth, June 27-30, 2011, Dubna, Russia. Poster report.
Aksenov V. L., Bulavin L. A. Absorption characteristics of 175. Nikitenko Yu. V. BanaHc HEWTPOHOB MpWU MX MPOXOXAEHWUMN
fullerene Cg in  N-methyl-2-pirrolidone/toluene  mixture. yepe3 HeKONNIMHeapHble W  HEeKOMMIaHapHble CrouUCTble
International conference Advanced Carbon Nanostructures, St CcTpykTypbl, CuMnosnym “HaHocusmka M HaHOINEKTPOHMKA”,
Petersburg, Russia, 2011. Poster report. HwxHuin Hoeropoa, mapt 2011. YCTHbIN foknag.

165. Kyrey T. O., Kyzyma O. A., Tropin T. V., Avdeev M. V., 176. Papushkin I. V., Sumin V. V., Bokuchava G. D., Balagurov

Aksenov V. L., Bulavin L. A., Combined study of ternary system
Ceso/NMP/Toluene by UV-Vis spectroscopy and small-angle
neutron scattering. SANS-YuMO user meeting at the start-up of
scientific experiments on IBR-2M devoted to the 75"
anniversary of Yu.M. Ostanevich’s birth, June 27-30, 2011,
Dubna, Russia. Poster report.

166. Kyzyma O. A., Bulavin L. A., Avdeev M. V., Korobov M. V.,
Kyrey T. O., Garamus V. M., Aksenov V. L., Rosta L..
Investigation of fullerene Cg liquid systems for medical
application. 1st international seminar ‘Medical physics - current
state, problems and prospects. Novel technologies’ 2011 Kyiv
June 1-3, Ukraine. Poster report.

167. Lokajicek T., Ivankina T. ., Nikitin. A. N. Anisotropy and

A. M., Sheptyakov D. V., Determination of Residual Stresses
in Precipitation Hardening Steels by Neutron Diffraction, Proc.
of the conference “Stress and Texture Investigations by
Means of Neutron Diffraction 2011 (STI-2011)”, June 6-9,
2011, Dubna, Russia.

177. Petrenko V.l., Avdeev M.V, Bulavin L.A., Rosta L., Garamus

V.M., Willumeit R., Aksenov V.L. Diagnostic and analysis of
aggregation stability of magnetic fluids for biomedical
applications by small-angle neutron scattering, IV International
forum on nanotechnologies Rusnanotech 2011, October 26-
28, 2011, Moscow, Russia. Poster report.

178. Petrenko V. |., Avdeev M. V., Turcu R., Vekas L., Aksenov

V. L., Garamus V. M., Rosta L., Willumeit R., Bulavin L. A.,
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SANS analysis of ferrocolloids, International workshop
Structural aspects of biocompatible ferrocolloids: stabilization,
properties control and application, August 19-20, 2011, Dubna,
Russia. Poster report.

179. Petrenko V. |., Avdeev M. V., Turcu R., Vekas L., Aksenov V.
L., Garamus V. M., Rosta L., Willumeit R., Bulavin L. A., SANS
analysis of ferrocolloids, International Workshop “Structural
Aspects of Biocompatible Ferrocolloids: stabilization, properties
control and application” (BIOFC-2011), August 19-20, 2011,
Dubna, Moscow Reg., Russia. Poster report.

180. Petrenko V. ., Bulavin L. A., Avdeev M. V., Feoktystov A. V.,
Garamus V. M., Almasy L., Aksenov V. L., Vekas L., Rosta L.,
Structure investigations of ferrofluids for medical application,
First International Workshop: ,Medical physics — the current
status, problems, the way of development. High technologies”,
June 2-3, 2011, Kyiv, Ukraine. Poster report.

181. Phan L. T. N,, Ivankina T. I., Kruglov A. A., Lokajicek T.,
Nikitin A. N., Vasin R. N. Propagation of quasi-longitudinal
elastic wave at an interface between isotropic and anisotropic
media: theoretical and experimental investigations. Stress and
Texture Investigations by Means of Neutron Diffraction: Book of
Abstracts of the International Conference. Dubna, June 6-9,
2011. Dubna, JINR, 2011. P. 50.

182. Rajewska A. SANS study of the gemini nonionic surfactant in
micellar solutions. SANS — YuMO Users Meeting, Devted to the
75 anniversary of Professor Yu.M. Ostanievich. May 27-30,
2011, Dubna, Russia.

183. Rajewska A., Medrzycka K. Mixed systems of nonionic —

anionic and nonionic — cationic surfactants in water solutions
study by SANS method. The 1% International Symposium on
Colloids and Materials, May 8-11, 2011, Amsterdam.
Netherlands.

184. Rajewska A., Medrzycka K. Mixed systems of nonionic gemini
and classic anionic surfactant study by SANS method. 8" Liquid
Matter Conference, September 6-10, 2011, Vien, Austria.

185. Rodkin M., Nikitin A.N., Vasin R. N. Neutron scattering and
physics of the earthquake source. Stress and Texture
Investigations by Means of Neutron Diffraction: Book of
Abstracts of the International Conference, Dubna, June 6-9,
2011. Dubna: JINR, 2011. P. 26.

186. Scheffzuek Ch., Hempel H., Frischbutter A., Walther K. &
Schilling F. R. A device for sample rotation under external load
for simultaneous strain- and texture neutron-TOF-diffraction
experiments. Abstract for the 5th European Conference on
Neutron Scattering, Prague, Czech Republic, July 17-22, 2011.
P. 231.

187. Scheffzuek Ch., Hempel H., Frischbutter A., Walther K. &
Schilling F.R. A device for sample rotation under external load
for simultaneous strain- and texture neutron-TOF-diffraction
experiments. Poster for the 5th European Conference on
Neutron Scattering, Prague, Czech Republic, July 17-22, 2011.

188. Scheffzuek Ch., Walther K., Frischbutter A. & Schilling F. R.
(2011): The Epsilon-MDS strain/stress diffractometer and
geoscientific applications. Abstract for the STI-2011 conference,
Dubna, Russia, June 6-9, 2011. P. 16.

189. Scheffzuek Ch., Walther K., Frischbutter A., Schilling F.,
Ullemeyer K., Bulkin A. P., Kudryashov V. A., Zhuravlov V. V.,
Sirotin A. P., Levchanovsky F. V., Korobchenko M. L., Kirilov A.
S., Murachkevich S. M., Manoshin S. A., Kulikov S. V., &
Belushkin A. V. The bent neutron guide system at beamline 7A
of the IBR-2M and upgrade of the diffractometers EPSILON and
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SKAT. Invited talk at the 33th PAC of Condensed Matter
Physics, Dubna, Russia, January 27-28, 2011.

190. Soloviov D. V., Kuklin A. I., Utrobin P. K., Sirotin A. T,
Petukhova T. B., Ivankov O. I., Gordeliy V. I., New Volumetric
Setup on SANS Spectrometer YuMO at IBR-2M Reactor,
2011, 5th European conference on neutron scattering, Prague,
Czech Republic.

191. Soloviov D. V., Sirotin A. P., lvankov O., Petukhova T. B.,
Gordeliy V. I., Kuklin A. 1., Volumetric measurements of lipids
on Yumo spectrometer. Book of abstracts of SANS-YUMO
USER MEETING at the start-up of scientific experiments on
IBR-2M devoted to the 75-th anniversary of Yu.M. Ostanevich
Birth. Dubna, May 27-30, 2011. P. 81.

192. Taran Yu. V., Balagurov A. M., Venter A., Evans A., Sabirov
B. M. “Residual stresses around a stainless steel — titanium
alloy joining obtained by the explosive technique” The 5th
European Conference on Neutron Scattering, Prague, July
2011.

193. Tomchuk O. V., Avdeev M. V., Aksenov V. L., Bulavin L. A,
Cluster models in small-angle neutron scattering analysis of
detonation nanodiamonds, International conference
“Advanced Carbon Nanostructures ACN-2011", July 4-8,
2011. St Petersburg, Russia. Poster report.

194. Tomchuk O. V., Avdeev M. V., Aksenov V. L., Garamus V.
M., Bulavin L. A., Structure of basic units of nanodiamond
clusters by SANS, SANS-YuMO user meeting at the start-up
of scientific

195. experiments on IBR-2M devoted to the 75" anniversary of
Yu.M. Ostanevich’s birth, June 27-30, 2011, Dubna, Russia.
Poster report.

196. Tropin T.V., Aksenov V.L., Avdeev M.V., Korobov M.V.,
Kyzyma O.A., Nucleation theory for describing clusters in
solutions. International Workshop “Structural Aspects of
Biocompatible Ferrocolloids: stabilization, properties control
and application” (BIOFC-2011), August 19-20, 2011, Dubna,
Moscow Reg., Russia. Poster report.

197. Tropin T. V., Avdeev M. V., Aksenov V. L., Rosta L.,
Garamus V. M., Rozhkova N. N. Pore structures in shungite
as reveales by small-angle neutron scattering, International
Conference “Stress and Texture Investigations by means of
neutron diffraction”, STI-2011, June 6-9, 2011, JINR, Dubna,
Russia. Oral report.

198. Tropin T. V., Schmelzer J. W. P., Schick C., On the
dependence of the properties of glasses on cooling and
heating rates, XVth Research Workshop “Nucleation Theory
and Applications”, April 1-30, 2011, JINR, Dubna, Russia. Oral
report.

199. Ullemeyer K. & Behrmann J. H. Optimization of the SKAT
diffractometer for texture measurements on geological
samples. Abstract at the STI-2011 conference, Dubna, Russia,
June 6-9, 2011. P. 15.

200. Vasin R. N. Rietveld texture analysis of SKAT diffractometer
data. Stress and Texture Investigations by Means of Neutron
Diffraction: Book of Abstracts of the International Conference,
Dubna, June 6-9, 2011. Dubna: JINR, 2011. P. 34.

201. Walther K., Bulkin A.P., Frischbutter A., Kudryashov V.,
Scheffzuek Ch. & Schilling F. The system of neutron guides
for the diffractometers Epsilon and SKAT. Abstract for the STI-
2011 conference, Dubna, Russia, June 6-9, 2011. P. 18.

202. Walther K., Bulkin A. P., Frischbutter A., Scheffzuek Ch.,
Schilling F. R. & Kudryashev V. A. EPSILON-MDS - a neutron
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time-of-flight diffractometer for strain measurements. Abstract at
the 5th European Conference on Neutron Scattering, Prague,
Czech Republic, July 17-22, 2011. P. 40.

203. Walther K., Bulkin A. P., Frischbutter A., Scheffzuek Ch.,
Schilling F. R. & Kudryashev V. A. EPSILON-MDS - a neutron
time-of-flight diffractometer for strain measurements. Poster at
the 5th European Conference on Neutron Scattering, Prague,
Czech Republic, July 17-22, 2011.

204. Asgpeee M. B., AkceHoB B. Jl., KomnnemeHTapHoOCTb
HENTPOHHBIX U CUHXPOTPOHHbIX UCCMeOOBaHWN B CTPYKTYPHON
HaHobuogmarHoctuke, VIII  HauumoHanbHas  KoHdepeHums
«PeHTreHOBCKOE, CUHXPOTPOHHOE W3MyYeHUsi, HEWTPOHbI U
QMNEKTPOHbl ANSl WCCrefoBaHUsi HAaHOCUCTEM W MaTtepuarnos.
HaHo- Buo- WUHdo- KorHuTueHble TexHomnorun, PCHO3-HBUK
2011, 14-18 Hos6ps, 2011, Mockea, Poccus. lMpurnaleHHbii
noknag.

205. AsgeeB M.B., MarHutHble HaHo4yacTuUbl B pacTBopax Ans
Meankobrono rmyeckux npumeHeHuin. 1V Beiclumne Kypcbl CTpaH
CHI'  «CMHXpPOTPOHHbIE U HEWTPOHHbIE  UCCReaoBaHUS
HaHocuctemy», CMH-HaHo-2011 (10 — 23 uiona 2011, Mocksa-
y6Ha, Poccust). MpurnaweHHas nekums.

206. AsgeeB M. B., MarnoyrnoBoe paccesiHue HENTPOHOB B
MarHUTHbIX XKMOKOCTAX ans MeZMKO-G1ONormyeckmx
NPUNOXeHUN, MexayHapoaHas Hay4Ho-NpaKkTuyeckas
KoHbepeHums «MHoromacwtabHoe MogenuposaHue CTpykTyp
n HaHotexHonoruny, Tyna, 3-7 okt6psi 2011. MpurnalieHHbIn
noknap,.

207. Asgpees M. B., ManoyrnoBoe paccesHue HENTPOHOB,
MexayHapoaHas Hay4Has Kona
ansa monogexu «CospeMeHHas HeWTpoHorpadus: oT

NMepcnekTUBHbLIX MaTepPUanoB K HAHOTEXHOMOMMAM», 31 okTS6psA
- 4 Hos16ps 2011, Oy6Ha, Poccus. MNpurnaweHHas nekums.

208. AsgeeB M. B., HeliTpoHHble uccnefoBaHUsi O6bEMHbIX
HaHocuctem, Pabouee coselaHne «CoBpeMeHHble sOepHO-
usunyeckme MeToAbl ncecnenoBaHus B dusmke
KOHAeHcUpoBaHHbIX cpea» (AMKC-2011), 19-21 anpens,
MwuHck. MpurnalleHHsIn goknaa.

209. banarypoB A. M. “Peaktop WBP-2 wu coBpemeHHble
BO3MOXHOCTM Audpakunm HelWTpoHoB” Paboyee cosellaHue
«CoBpeMeHHble aaepHO-uranyeckne MeToasl UCcneaoBaHns B
hr3nke koHaeHcupoBaHHbIX cpen» (AMKC-2011), MuHck, 19 —
21 anpens, 2011.

210. BanarypoB A. M. MarHeTn3am 1 andpakumns HEMTPOHOB — YTO

HOBOro? VI HauuoHanbHas KpucTannoxmmuyeckas
koHdepeHumsi, 1-4 mnioHa 2011 ropa, r. Cysganb. [neHapHbIn
noknag,.

211. BapaywkuH B. B., Hukutun A. H., Akoenes B. b. BnusHue
MWKPOCTPYKTYPbl Ha CKOPOCTM pacrnpoCTpaHeHus1 NpoAoSbHbIX
yripyrux BOMH W WX aHU30TPONWUIO B KBapLCcoAepXalnx
KOMMO3UTHbIX MaTepuana. IV mexayHapogHasi koHdepeHuus
«Jdedhopmaums " paspyLueHve MaTepuanos "
HaHomaTepuanos», UMET unm. A.A. BarikoBa, Mocksa, Poccus,
25-28 okTs6ps 2011.

212. BobpukoB W.A., Banarypos A.M., Neutron diffraction on
Pro5SrosC00s3, International Conference on Neutron and X-ray
Scattering (ICNX2011), National Tsing Hua University, Hsinchu,
Taiwan, June 2011.

213. BobpukoB WN. A., banmarypos A. M., CumkuH B. I'., High
resolution neutron diffraction in Dubna. Examples of
applications, The 3rd joint seminar JINR-Romania on Neutron
physics for investigations of nuclei, condensed matter and life
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sciences, Targoviste, Romania, July 2011.

214. Bobpukos W. A., BanarypoB A. M., CTpyKTypHble aHoOManum
B ProsSrosCo0;, MexagyHapooHoe paboyee coBellaHune
«CoBpeMeHHble AAepHO-hU3MYeckne MeToabl UCCrefoBaHUs
B (bU3UKE KOHAEHCMPOBaHHbIX cped», MuHck, Benopyccus,
anpenb 2011r.

215. bobpukos W. A., banarypos A. M., To TxaHb [JloaH,

MomsiKyLnH B. 10. “OcobeHHOCTM CTPYKTYpbI
menkokpuctannmyeckux BTCIM Y-123" 4-a MexagyHapogHasi
KOH(bepeHunss  dyHOAameHTanbHble  NPoGremMbl  BbICOKO-

TemnepaTypHolu cBepxnpoBoamMmocTu, 3BeHuropod, Poccus,
3-7 okt6ps 2011 1.

216. BbopaHapuyk B.W., HewTpoHHasn pednekTomeTpus
NOBEPXHOCTEN U COUCTbLIX CTPYKTyp, Paboyee cosellaHune
«CoBpeMeHHble aaepHO-hu3nyeckne MeToAbl MCCreaoBaHus
B (um3nKe KOHAEHCUpOBaHHbIX cped» (AMKC-2011), 19-21
anpens, MuHck. MNpurnalleHHbIi goknag.

217. BacuH P.H. AHu3oTponusi ynpyrux CBOWCTB M OCTaTOYHbIE
HanmpskeHuss B peakTopHbix MaTtepuanax. XV HayyHas
KoHdepeHuma OMYC OUAN, [lybHa, Poccus, 14-19 cdespans
2011.

218. Bacun P.H. HentpoHorpaduyeckuii TEKCTYpHbIN aHanms.
MexpyHapogHoe pabouee coBelaHne «CoBpeMeHHble

anepHo-chmusnyeckme  MeTodbl  MccrnegoBaHus B pu3nke
KOHOEHCMpPOBaHHbIX  cpedy», MwuHck, bBenopyccusa, 18-22
anpens 2011.

219. BacuH PH., HUknTUH AH., MBaHknHa T.N.
HenTtpoHorpaduyeckni TEKCTYPHbIN aHanus B
maTepuanoBefeHun u reocusmke MexagyHapoaHasi Hay4Ho-
npakTuyeckasi KOH(bepeHUus «MHoromaciutabHoe
MOOENVPOBaHME  CTPYKTYp W HaHoTexHomoruuy», TITY

um.J1.H.Tonctoro, Tyna, Poccus. 3-7 oktabpsi 2011.

220. Oxabapos C.I., KuuaHoB C.E., KoaneHko [.M., Mamenos
AWN., Nykmn E.B., CaseHko B.H., Jlate K. «CTpykTypHble
nameHenmss B NaNbO3 npu BbICOKOM [OaBneHun u
Temnepatype» pgoknag VIl HauvoHanbHOW KOHdEepeHLMn
«PeHTreHoBckoe, CUHXPOTPOHHOE u3nyyeHus, HenTpoHbl u
OneKTPOHbl ANA UCCMefoBaHNA HaHOCUCTEM U MaTepuarnos.
HaHo-bno-NHdo-KorHntueHble TexHonoruny» Mockea, 14-19
Hos16ps 2011.

221. Kunsuma E.A., Kupenn T.A., HaropHein A.B., MNeTpexko B.U.,
Tomuyk  A.B., CTpykTypHble  uUCCNedOBaHWs  XXUAOKUX
HaHOCUCTEM C WCMONb30OBaHMEM MAasioOyrfoBOro paccesHus
HeWTpoHoB, OTYETHbIN cemuHap HaumoHanbHoW [pynnbl
YkpanHbl B OUAWN, 14 cenTsbpsa, 2011, OybHa, Poccus.
YCTHbIN goknaa.

222. Kvpen T.A., Kusuma A.A., TpornuH T.B., AsgeeB M.B.,
AkceHoB B.J1., bynasuH JL.LA. WccneposaHue cMeLlaHHbIX

pacTBopoB Coo/NMP/Tonyon MeToaamu Yo-BMO
CMEKTPOCKOMMNU U MarnoyrnoBoro paccesHus HEWTPOHOB.
MexagyHapogHas Hay4Has wkona «CoBpemeHHas
HEWTpoHorpadusi:  OT  MEPCNEeKTUBHbIX  MaTepuanoB K
HaHoTexHonorusiM», [yb6Ha, Poccusi, 2011. CreHOoBbIf
noknag.

223. Kvucenee M.A. WccnepoBaHus HAHOCTPYKTYPbl NMMNUAHBIX
MeMOpaH MeTOAOM pacCesiHUsi HENTPOHOB M CUHXPOTPOHHOTO
nanyyerus. IV Beiclume kypcy ctpaH CHIC gns monogbix
YY€HbIX, aClMPaHTOB U CTyAEHTOB MO COBPEMEHHBLIM MeToAaMm
nccrnefoBaHuii HaHocUcTeM M MaTepuanoB « CUHXPOTPOHHbIE
N HEWTPOHHblE uccnenoBaHns HaHocucteM (CUH-HaHo)», 10-
23 monsa 2011 r. YCTHbIN goknag.
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224. KnceneB M.A. HaHoOCTpykTypa M CBOWCTBa MOAEMbHbIX

mMemMbpaH BepxHero crmosi  koxu  stratum  corneum.
MccnepoBaHusi Ha HEMTPOHHBIX M CUHXPOTPOHHBIX UCTOYHMKAX.
VI HauuoHanbHasi KOHepeHLms «PeHTreHoBckoe,

CWHXPOTPOHHOE  U3Ny4YeHus, HewnTpoHbl M OnekTpoHbl Ans
nccrneaoBaHns HaHocuctem M matepuarnoB. HaHo-Buo-UHdo-
KoruutusHble TexHonorum». PCHO — HBUMK 2011, Mocksa,
HUL «KypyaToBckmit UHCTUTYT», 14-18 HOsiIGps 2011. YCTHbIN
noknag.

225. KnyaHos C.E., Kosnenko .M., Wasicki J.W., askos B.I.,
Nawrocik W., Czarnecki P., CaseHko B.H., Jlate K. «CTpykTypa
M aTtoMHas [OMHaMUKa OpPraHWMYecKUX CEerHeTo3NEeKTPUKOB B
LIMPOKOM JuanasoHe [JaBfieHuii 1M TemnepaTyp» Aoknag Ha
MexayHapoaHon Hay4HO-NpaKTU4ecKon KOHdepeHLu
«MnoromaciutabHoe MoaenupoBsaHue CTPYKTYp "
HaHoTexHonornny», 3-7 oktabpsa 2011, Tyna, Poccus.

226. KnyaHoe C.E., Kosnenko [O.M., buncku M., BoHcuukn A.B.,
JlykvH E. B., Oy6posuHckuin J1. C., Nate K., CaBeHko Bb. H.

«MccnepoBanme nonuMopdHbIX  ha3oBbIX MEPEXOAOB B
pe3opuMHOne npu  BbICOKOM  daBneHuu», pgoknag VI
HaLVoHanbLHowM KOHdEepeHLum «PeHTreHosckoe,

CWHXPOTPOHHOE UM3Ny4YeHus, HewnTpoHbl M OnekTpoHbl Ans
nccrnegoBaHns HaHocuctem M matepuanoB. HaHo-Buo-UHdo-
KorHutmeHble TexHonormmy Mockea, 14-19 Hosbpst 2011.

227. Jlowak H. B., KuyaHoB C. E., KoaneHnko [. INM., BoHcuukn HA.
B., Nykun E. B., Jlate K., CaBeHko B. H. «[MonumopdHsbin
(ha3oBbI Nepexo B Xroprnponamuae npy BbICOKOM AaBNEHUN»
poknag VIl HaunoHanbHoM KoHbepeHumnm

228. «PeHTtreHoBckoe, CUHXPOTPOHHOE u3ny4eHusi, HelTpoHbl 1
OneKTpoHbl AN UCCNefoBaHWs HAHOCUCTEM WM MaTepuanos.
HaHo-Bro-NHdo-KorHntmueHele texHonormm» Mockea, 14-19
Hos6psa 2011.

229. Nykun E. B., Kosnenko [. M., Knuaros C. E., CaseHko b. H.
«NCCNEOOBAHUE KPUCTANMUYECKOW M MATHUATHOW
CTPYKTYPbl LAMNO3 TP BbICOKUX OABINEHUAX»
poknag VIl HaumoHanbHOM KoHdpepeHuun «PeHTreHoBCKoe,
CUHXPOTPOHHOE  U3MyYeHusi, HeWTpoHbl M OnekTpoHbl Ansi
ncecneaoBaHust HaHocucTeM U martepuanos. HaHo-Buo-UHdo-
KoruutmeHble TexHonormny Mockea, 14-19 Hosbpst 2011.

230. HaropHbin A. B., MNeTtpexko B. U., Asgees M. B., bynasuH J1.
A., AkceHoB B. J1., O6 onpeneneHum CTpyKTypHbIX NapamMeTpoB
MarHWUTHbIX XXWOKOCTEN MO AaHHbIM MarioyrfioBOro paccesiHus
HenTpoHoB, MexayHapogHasi HayyHas wkona «CoBpeMeHHas

HeMTpoHorpadusi:  OT  MNEepCrneKkTUBHbIX  Matepuanos K
HaHoTexHonormsam», [OybHa, Poccua, 2011. CreHpoBbin
noknag,.

231. Hukutnn A. H., Bacun P. H., 3enb W. 1O., JNokanyek T.

AHN30TPONUST YNpPYrmx CBOWCTB TEKCTYPUPOBAHHBLIX CHOUCTbIX
cped. MexagyHapogHasi Hay4HoO-MpakTudeckasi KoHdepeHuusi
«MHoromacLuTabHoe MoAenMpoBaHue CTPYKTYp 7
HaHoTexHonornnx», TITY um.J1.H.Tonctoro, Tyna, Poccus. 3-7
okTa6psa 2011.

232. HukmtnH AH., MBaHknHa T.M. CeiicMnYHOCTL nuTOCdEpDI
3emnu 1 reoakonoruyeckas 6e30nacHOCTb SAEpPHbIX 06 HLEKTOB.
MexayHapogHas Hay4Ho-MpakTnyeckas KoHbepeHuns
«MHoromactabHoe MOZenupoBaHue CTPYKTYp "
HaHoTexHonorun», TITY um.J1.H.Tonctoro, Tyna, Poccusa. 3-7
oKkTs6ps 2011.

233. Metpenko B. N., ABaeeB M. B., Turcu R., Vekas L., AkceHoB
B. N., Rosta L., BynmaBun JI. A., CTpykTypa mNOpOLLKOB
MarHWTHbIX HAHOYaCTUL, C NOMMMEPHbLIM MOKPLITUEM Ha OCHOBE
3aMeLLEHHbIX MMPPOSIOB MO AaHHBIM MasoyrnoBOro paccesiHns
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HEWNTPOHOB, VI HauMoHanbHas KOHdbepeHLms
«PeHTreHoBckoe, CUHXPOTPOHHOE MW3nyyeHusl, HenTpoHbl 1
OneKTpoHbl AN UCCNefoBaHUsi HAHOCUCTEM U MaTepuarnos.
HaHo-Buro-NHdpo-KorHntueHble TexHonorum». PCHO — HBUK
2011, 14-18 Hosibps 2011, Mocksa, Poccus. CTeHOoBbIN
aoknag,.

234. Pytkayckac A. B., Kosnenko . IN., Jirak Z., KuyaHos C. E.,
TNlykvn E. B., CaBeHko B. H. «WccnepoBaHve usmeHeHuin B
KpucTannumyeckon u marHutHow ctpyktype YBaCo205.5 npu
BbICOKNX [aBneHUsX» noknag VI HauMOHanbHOM
KOHpepeHuun «PeHTreHoBckoe, CUHXPOTPOHHOE WU3MyyYeHus,
HenTpoHbl U JNEeKTPOHbI ANst UCCNefoBaHWUs HAaHOCUCTEM W
martepuanoB. HaHo-Brno-UHdpo-KorHntneHble  TexHonornum»
Mocksa, 14-19 Hos6ps 2011.

235. Pytkayckac A. B., Koanenko . IM., Jirak Z., Knyanos C. E.,
TNykvn E.B. , CaBeHko B. H. «WccnepoBaHve usmeHeHuii B
Kpuctannumyeckon n marHutHon ctpyktype YBaCo205.5 npu
BbICOKMX [AaBneHusix» Aoknag Ha MexagyHapogHOM HayyHo-
npakTu4yecKomn KOHdbepeHLUmm «MHoromacwtabHoe
MOZENMpoBaHWe CTPYKTYP M HAHOTEXHoMornm», 3 - 7 oktabps
2011, Tyna, Poccus.

236. Psaboea H. K. Structural aspects of biocompatible
ferrocolloids: stabilization, properties control and application
[y6Ha, 19-20 aBrycta, 2011. CTeHaoBbIV Aoknag.

237. CantbikoBcku A. A., Uenbmosny B. A., Banapaa T.,
Hukutun A. H., UBaHkuHa T. U., Komatcy Ox., Opmoo |O.
MMnakTHbIA KpaTep M COCTaB KOCMUYECKOrO BellecTBa B
paHHenaneo3oMCcKon CTPYKTYPHOW 30He toxkHOW MoHronun. XII
MexayHapoaHas  KoHdepeHumust  “OuU3nKo-XMMUYeckme un
neTpodusmyeckne nccreqoBaHns B Haykax o 3emne”, TEOXU
PAH, UITEM PAH, N®3 PAH, 'O «bopok» N®3 PAH, Mocksa,
Poccus.

238. CamouneHko C. A., KuuyaHoB C. E., benywkuH A. B.,
Kosnenko [. M., CaseHko B. H., bynasuH J1. A., Mapamyc B.
M., UWesyenko T. M., Typun B. C. «MWccneposaHue
CTPYKTYPHBIX acnekToB Knactepoobpa3oBaHusi B CUIMKATHBIX
cTeknax npu [ONMPOBAHUM OKCMAAMWU Lepus U TuTaHay
poknag VIl HaumoHanbHOW KoHdepeHuun «PeHTreHOBCKOE,
CUWHXPOTPOHHOE M3ny4veHusi, HenTpoHbl M OnekTpoHbl Ansi
nccnegoBaHnss HaHocucTem n martepuanoB. Hano-Buo-UHgo-
KorHuTuBHble TexHonorum» Mockea, 14-19 Hosi6ps 2011.

239. Tomuyk A. B., ABgeeB M. B., AkceHos B. 1., Mapamyc B. M.,
BynasuH J1. A., MBawesckas C. H., Poxkosa H. H., LLpainbep
H., Wpanbep 0., CpaBHUTENbHAs XapakTepu3auusi BOOHbIX
Oucnepcuin  OeTOHaUMOHHbIX — HaHoanMasoB  METOAOM
MaroyrrfioBoro paccesiHusi HeWTpoHoB, MexayHapoaHas
HayyHast lwkona «CoBpeMeHHas HeWTpoHorpacgusi: ot
NepCreKTUBHLIX MaTepuanoB K HaHOTexHomorusimy», [ybHa,
Poccus, 2011. CteHgoBbIn goknag.

240. Tomuyk A. B., ABgees M. B., AkceHos B. J1., Mapamyc B. M.,
BynasuH J1. A., MBawesckas C. H., Poxkosa H. H., LLpaibep
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HaHocucTem», CUH-HaHo-2011, 10-23 wmona, 2011, Mocksa-
Oy6Ha, Poccusi. MNpurnaweHHas nekuums.
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©©©.
54

Poccus. MpurnalueHHbIv goknag,.
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CMEeKTPOCKOMUN 1 ManoyrnoBoro paccesiHnsi HentpoHos. VI
HauunoHanbHas KoHdpepeHuuns «PeHTreHoBckoe,
CUHXPOTPOHHOE MW3MyYeHWsl, HEUTPOHbl W 3MEKTPOHbl Ans
nccnegoBaHna HaHocucteM u maTepuanos. Hawo- Buo-
WHdo- KorHntueHble texHonorun, PCH3-HBUK 2011, 14-18
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DEPARTMENT OF IBR-2 SPECTROMETERS COMPLEX
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Scientific Workshop on Nuclear Fission Dynamics and the
Emission of Prompt Neutrons and Gamma Rays. 27 — 29
September, 2010, Sinaia, Romania.
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and Ecological Chemistry. Ne 6 (1). 2011. P. 6-9.

315. Vermaercke P., Sneyers L., Farina Arbocco F., Aleksiayenak
Yu. Using kO-UNAA for the determination of depleted uranium
in the moss biomonitoring technique // International Journal of
Environment and Health. V. 5. Ne 1/2. 2011. P. 72-83. DOI
10.1504/IJENVH.2011.039858

316. Spiric Z., Frontasyeva M. V., Steinnes E., Stafilov.
Multielement atmospheric deposition study in Croatia //
International Journal of Environmental Analytical Chemistry.
2011. P. 1-15. iFirst. DOI 10.1080/03067319.2010.561336.

317. Frontasyeva M. V. Nuclear and related analytical techniques
for bio-nano-technology // Proceedings of 1% International
Conference on Nanomaterials & Properties (NAP-2011, 27-30
September 2011. Alushta, Ukraine, http://nap.sumdu.edu.ua/).
P. 306-310.

318. Tsibakhashvili N. Ya., Kirkesali E. |.,, Pataraya D. T,
Gurielidze M. A., Kalabegishvili T. L., Gvarjaladze D. N,
Tsertsvadze G. |, Frontasyeva M. V., Zinicovscaia | I.,
Wakstein M. S., Khakhanov S. N., Shvindina N. V., Shklover V.
Ya. Microbial synthesis of silver nanoparticles by Streptomyces
glaucus and Spirulina platensis. Proceedings of 1% International
Conference on Nanomaterials & Properties (NAP-2011, 27-30
September 2011. Alushta, Ukraine, http://nap.sumdu.edu.ua/).
P. 311-314.

319. Baljinnyam N., Jugder B., Norov N., Frontasyeva M. V.,
Ostrovnaya T. M., Pavlov S. S. Epithermal neutron activation
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analysis of the Asian herbal plants. American Institute of
Physics Conference Proceedings Series. Edts Dugersuren
Dashdorj & Gary Mitchell, V. 1342, Melville. New York, USA,
2011, ISSN 0094-243X P. 85-87.

320. Borzakov S. B., Nyamsuren B., Pavlov S. S., Ostrovnaya T.
M., Shvetsov V.N. The Investigation of the Rare Metal Content
in the Geological Samples from Mongolia at the IREN Facility.
American Institute of Physics Conference Proceedings Series.
Edts Dugersuren Dashdorj & Gary Mitchell, V. 1342, Melville.
New York, USA. 2011. ISSN 0094-243X. P. 88-91.

321. Tsibakhashvili N., Kirkesali E.I., Gintury E., Pataraya D.,
Gurielidze M., Kalabegishvili T., Gvarjaladze D., Tsertsvadze
G., Frontasyeva M. V., Zinicovscaia I.,, Wakstein M. S.,
Khakhanov S. N., Shvindina N. V., Shklover V.Ya. Microbial
synthesis of silver nanoparticles. JINR Preprint E-14-2011-17.
Dubna, 2011.

322. Sykora |., Povinec P., Brestakova L., Florek M., Hol}'/ K.,
Masarik J., Frontasyeva M. V., Steinnes E.. Variations of *'Cs
and “°K in the surface air of Bratislava (Slovakia) — indications
of soil resuspension processes. JINR Preprint E-14-2011-85.
Dubna. 2011.

323. Oprea C., Velichkov A.l., Filosofov D.V., Oprea A.l., Mihul A.
XVII International Seminar on Interaction of Neutrons with
Nuclei (ISINN-17)), JINR Frank Laboratory for Neutron
Physics, Dubna, Russia. The method of perturbation of the
&61485;&61472;angular correlations and HFI used for
essential oil researches. 2010. P. 399-403.

324. Szalanski P. J., Brzozowski R., Proba M., Oprea C., Oprea I.
A. Analysis of the iron state in ferric and ferrous iron
containing pharmaceutical products available in Poland by
Méssbauer spectroscopy // Acta Physica Polonica A.
ISSN:0587-4246, eISSN:1898-794X. N3p:Polish Academy of
Science - Institute of Physics. 2010

325. Oprea C., Velichkov A. I., Filossofov D. V., Oprea I. A,
Szalanski P. J., Mihul A.The method of perturbed angular
correlations used to study the molecular dynamics in Satureia
hortensis vegetal oil // Acta Physica Polonica A, ISSN:0587-
4246, eISSN:1898-794X. N3pa: Polish Academy of Science -
Institute of Physics. 2010.

326. Oprea C., Szalanski P. J., Gustova M. V., Oprea A. |,
Buzguta V., Trace Element Distribution In Human Teeth By X-
Ray Fluorescence And Multivariate Analysis. Romanian
Reports in Physics. ISSN: 1221-1451. M3g: Romanian
Academy of Science. 2010.

327. Filossofov D. V., Karaivanov D. V., Oprea C., Oprea |. A,,
Rakhimov A. V., Velichkov A. I. The PAC Studies of Water
Solutions Physicochemical Organization at Temperature
below 00C., Annals of Bucharest University — Section of
Physics. M3a: Bucharest University Publishing House. 2010.

328. Oprea A., Oprea C., Stepanenko V. S. PCA Based Neural
Network Used in Interpretation of Data Sets Obtained in
Multielemental Analytical Measurements. Annals of Bucharest
University — Section of Physics. W3a: Bucharest University
Publishing House. 2010.

329. Oprea C., Gustova M. V. Microanalysis Investigations of
Human Teeth. Annals of Bucharest University — Section of
Physics. M3a: Bucharest University Publishing House. 2010.

330. Oprea C., Coroian S., Gustova M. V., Niculescu M.
Elemental Content of Herbal Tea Used in Treatment of
Several Diseases, Annals of Bucharest University — Section of
Physics. M3a: Bucharest University Publishing House. 2010.
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331. Oprea C., Loghin V., Nicolescu M., Gorghiu G. Neural
Network Modeling of Elemental Content in Human Biosubstrata.
Annals of Bucharest University — Section of Physics. M3ga:
Bucharest University Publishing House. 2010.

332. Gustova M.V., Maslov O. D., Oprea C., Drobina T. P.
Researches of Microelemental Contents of Tomatoes Resistant
to Root-Knot Nematodes by X-Ray Fluorescence Analysis.
Annals of Bucharest University — Section of Physics. Waga:
Bucharest University Publishing House. 2010.

333. Oprea C., Niculescu M., Gustova M. V., Coroian S. XRF of
Medicinal Herbs of Bucegi Mountains. Annals of Bucharest
University — Section of Physics. W3a: Bucharest University
Publishing House. 2010.

334. Oprea C., Filip S., Cupsa D., Gustov M. V. Monitoring of
Atmospheric Pollution in Transylvania Regions. Public Health
and Risk Factors (review). Annals of Bucharest University —
Section of Physics. W3g: Bucharest University Publishing
House. 2010.

335. Oprea C., Maslov O. D., Gustova M. V., Oprea |. A., Belov A.
G., Szalanski P. J. Photon neutron activation analysis applied
for environmental researches // Romanian Reports in Physics.
ISSN: 1221-1451. W3g: Romanian Academy of Science. Ne 63
(2). 2011.

336. Oprea C., Oprea I. A., XVIII International Seminar on
Interaction of Neutrons with Nuclei (ISINN-18), Frank
Laboratory for Neutron Physics - Joint Institute for Nuclear
Research (FLNP-JINR), Dubna, Russian Federation. Neural
Network Method Used for Interpretation of Analytical
Concentration Data. JINR Publishing Department. Proceedings
of the Seminar. 2011. P. 328-331.

337. Oprea C., Gustova M. V., Maslov O. D., Belov A. G., Oprea I.
A., Niculescu M. XVIII International Seminar on Interaction of
Neutrons with Nuclei (ISINN-18), Frank Laboratory for Neutron
Physics - Joint Institute for Nuclear Research (FLNP-JINR),
Dubna, Russian Federation. Quantitative Evaluation of
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Essiential Elements and Trace Heavy Metals in Medicinal
Plants by Photon Neutron Activation Method. JINR Publishing
Department. Proceedings of the Seminar. 2011. P. 332-336.

338. Oprea C., Gustova M. V., Oprea |. A., Buzguta V.XVIII
International Seminar on Interaction of Neutrons with Nuclei
(ISINN18), Frank Laboratory for Neutron Physics - Joint
Institute for Nuclear Research (FLNP-JINR), Dubna, Russian
Federation. Researches by Multivariate Statistical Methods of
Inorganic Elemental Contents in Human Theeth. JINR Dubna
Publishing Department. Proceedings of the Seminar. 2011. P.
315-321.

339. Oprea C., Gustova M. V., Oprea I. A., Maslov O. D., Belov
A. G., Ciofu R. XVIII International Seminar on Interaction of
Neutrons with Nuclei (ISINN-18), Frank Laboratory for Neutron
Physics - Joint Institute for Nuclear Research (FLNP-JINR).
Dubna, Russian Federation. Food Security and Environmental
Changes. JINR Dubna Publishing Department. Proceedings
of the Seminar. 2011. P. 322-327.

340. Oprea C., Activation Analysis Methods Applied for
Traceability of Pollution Trends. Biomonitoring Approach.
Annals of Bucharest University — Section of Physics. U3a:
Bucharest University Publishing House. 2010.

341. Oprea C., Coroianu S., Gustova M. V., Niculescu M.
International Symposium “Durable Agriculture- Agriculture of
The Future”, University of Craiova, Romania, Craiova,
Romania. Heavy metal uptake in several agricrops, University
of Craiova Publishing House, Craiova, Romania, Durable
Agriculture- Agriculture of The Future. 2010.

342. Oprea C., Gustova M. V., Szalanski P. J., Ciofu R.
International Symposium “Durable Agriculture- Agriculture of
The Future”, University of Craiova, Romania, Craiova,
Romania. Determination of essential elements and trace
heavy metals in agricrops by photon neutron activation
method, University of Craiova Publishing House, Craiova city,
Romania, Durable Agriculture- Agriculture of The Future.
2010.

Reports at Schools and Conferences

343. AnppuaHoB B. P. Physical startup of the first stage of IREN
facility // The XI-th International School-Seminar. Fomenb,
Benopyce, 1-12 asrycra 2011.

344. Zeynalov Sh., Zeynalova O., Hambsch F.-J., Oberstedt S.
Twin ionization chamber for prompt fission neutron
investigation. The 7th International conference on Daynamical
Aspects of Nuclear Fission. DANF -2011, 17-21 October 2011
Smolenice castle, Slovak republic.

345. Zeynalov Sh., Zeynalova O., Hambsch F.-J., Oberstedt S.
A New Approach to Prompt Fission Neutron TOF Data
Treatment, GAMMA-1, Prompt gamma-ray emission in fission
and the related topics, EC-JRC-IRMM Workshop, 22-24
November 2011 Novi Sad, Republic of Serbia.

346. Ruskov I. et al., Prompt Gamma Emission in Resonance
Neutron Induced Fission of 239Pu, GAMMA-1 Scientific
Workshop on Emission of Prompt Gamma-Rays in Fission and
Related Topics, 22-24 November 2011, Novi Sad, Republic of
Serbia (invited talk).

347. Telezhnikov S., Kopatch Yu., Mezentseva Zh., Stuttge L.,
Goennenwein F., Mutterer M., Chernysheva E., Dorvaux O.,
Hanappe F., and Hambsch F.-J., Investigations of the neutron
“cross-talk” effect in DEMON detectors, In: "Neutron

Spectroscopy, Nuclear Structure, Related Topics". XIX
International Seminar on Interaction of Neutrons with Nuclei,
2011, Dubna, E3-2011-37.

348. Petrov G. A,, Gagarski A. M., Guseva |. S., Kopach Yu. N,
T-odd asymmetry effects in low energy fission, In: "Neutron
Spectroscopy, Nuclear Structure, Related Topics". XIX
International Seminar on Interaction of Neutrons with Nuclei,
2011, Dubna, E3-2011-37.

349. Granja C., Kraus V., Kopatch Yu., Telezhnikov S., Pospisil
S., Vykydal Z., Spatial-, Spectral- and Time-Correlated
Detection of Fission Fragments, In: "Neutron Spectroscopy,
Nuclear Structure, Related Topics". XIX International Seminar
on Interaction of Neutrons with Nuclei, 2011, Dubna, E3-2011-
37.

350. Gledenov Yu. M. (n,p) and (n,a) reactions induced by
resonance and fast neutrons. Book of abstracts, p.31the 3
joint seminar JINR-Romania on neutron physics for
investigations of nuclei, condensed matter and life sciences,
Targoviste, Romania, 24-30 July 2011.

351. Khuukhenkhuu G., Gledenov Yu. M., Sedysheva M. V.,
Odsuren M. The Systematic Statistical model analysis (n,a)
Cross Sections averaged over the fission neutron spectrum.
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In: "Neutron Spectroscopy, Nuclear Structure, Related Topics".
XIX International Seminar on Interaction of Neutrons

with Nuclei, 2011, Dubna, E3-2011-37. P. 38.

352. Ruskov I. et al. Resonance neutron induced alpha-decay of
239Pu. An invited Seminar-lecture and Proposal for an
experiment at JRC-IRMM GELINA, Sept. 2011, Geel, Belgium.

353. ®paHk A. UN. DdhdekT yckopsitoLlerocs BellecTBa kak obliee
BonHoBoe sBneHne. XLIV 3umuas wkona MUAP (spepHas
m3nka u cusmka vactuu), PowwmHo, JleHurpagckas obn. 3
mapTa 2011.

354. ®pank A. W. lpoxoxgeHue BOMH 4epe3 YycKopsioLieecs
BewectBo. 45-as LlWkona @by «MUAP» no dusnke
KOHAEHCMPOBAaHHOro cocTosiHMA. 14-19 mapta 2011.

355. ®pank A. WN. YauBuTenbHbIn HENTpPOH. Cumnosuym Appo -
100. y6Ha, 10 siHBapsi 2011.

356. ®pank A. W. lpoxoxgeHune BONH 4epes YyckopstioLleecs
BewectBo. XLIV  3umHsaa wkona T[MMNAD no dwusuke
KOHOEHCMPOBaHHbIX cped. PolwmHo, JleHuHrpagckas obn., 14
mapTa 2011.

357. ®pank A. W. Interaction of waves with ordinary and
birefringent media moving with acceleration. ISSIN-19.

358. TloptoHoB C.B. New spectrometer for test of the equivalence
principle with UCN.

359. ®panHk AWM. Accelerating Medium Effect: From UCNs to
neutrinos. 8-th International UCN workshop. St.-Petersburg-
Moscow, 11-21 June 2011.

360. Kynun [.B. Status of new experiment for test of the
equivalence principle with UCN. 8-th International UCN
workshop. St.-Petersburg-Moscow, 11-21 June 2011.

361. ®pank A.N. Accelerating Medium Effect as a general wave
phenomenon. 5-th Europian conference on neutron scattering,
ECNS, Prague, 7-11 July 2011.

362. Vesna V. A, Gledenov Yu. M., Labeznik I. M., Nesvizhevsky
V. V., Sedyshev P. V., Shulgina E. V. Measurement of the P-
odd effect in radiative cross section on natural lead. In:
"Neutron Spectroscopy, Nuclear Structure, Related Topics". XIX
International Seminar on Interaction of Neutrons with Nuclei.
2011. Dubna, E3-2011-37. P.70.

363. Sharapov E. |. et al.XIX International Seminar on Interaction
of Neutrons with Nuclei. Parity-Violating Gamma Asymmetry in
np-Capture. ISINN-19, Abstracts. Joint Institute for Nuclear
Research, Dubna, Russia, E3-2011-37. 2011. P. 56.

364. Crawford B. E., Furman W. I., Lychagin E. V., Muzichka A.
Yu., Nekhaev G. V., Sharapov E. I., Showalter-Bucher R. A,
Shvetsov  V.N., Stephenson S.L., Strelkov A.V.XVIII
International Seminar on Interaction of Neutrons with Nuclei.
“Model of the gamma-ray induced outgassing in the nn-
scattering experiment at YAGUAR”, ISINN-18, Joint Institute for
Nuclear Research, Dubna, Russia, E3-2011-29. 2011. P. 23.

365. Pokotilovski Yu. N. Neutron experiments to search for new
spin-dependent forces // 8th UCN Workshop, 11-21 June 2011
in St. Petersburg.

366. Pokotilovski Yu. N. Neutron levels at curved surfaces // 8th
UCN Workshop, 11-21 June 2011 in St. Petersburg.

367. WrHaTtoBuy B. K. NoBepxHOCTHbIE ynpyre BOMHbI Kak MoAenb
3emneTpsiceHun // MexayHapoaHasa koHdepeHums: N3ameperune
nedopmaumin U TeKCTypbl MeToaamMn AndpakunmM HENTPOHOB.
[y6Ha, 6-9 noHst 2011.

368. Wrnatoeny B. K. «[pepnoxeHue k npoueccy obyyeHus»
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Haquaﬂ LiKona Aansa quTeneVl urankn un3 CTpaH-y4YacTHUL
06beAMHEHHOro NHCTUTYTa A0epHbIX nccrnenoBaHui, YuebHo-

s

HayuHbIn LueHTp OUNAWN, Oy6Ha, 26 noHa-2 uonsa 2011 roga.

369. Huran, J., Kucera, M., Kobzev, A. P., Valovic, A., Balalykin,
N. I, Gazi, S. Influence of substrate temperature on
photoluminescence properties of silicon carbide films prepared
by ECR-PECVD. International Symposium on Plasma
Chemistry ISPC 20, 24-29 July 2011 in Phyladelphia, USA.

370. Beprenb K. H., ®poHtackeBa M. B., KamaHuHa W. 3.
BVOMOHUTOPUHT  aTMOCMEpPHbIX  BbIMaZeHUN  TSHXKEenNbIX
MeTasnnoB 1 APYrMX TOKCUYHBIX SMIEMEHTOB C MOMOLLbI0 MXOB
Ha npuMepe CeBEpPO-BOCTOKA MockoBckon obnactu. VI
Bcepoccuinckon HayyHoOM KOHEPEHLUW MOMOAbIX YYEHbIX U
ctyaeHtoB  «CoBpeMeHHOe COCTOsiHME U NpUOPUTETHI
pa3BuTusi pyHAamMeHTanbHbIX HayK B pernoHax» 1-5 okrabps
2011 r. KpacHogapckuit kpau, r. AHana.

371. TopsmHoBa 3. W., MaHnkoBcka bB., ®poHTackeBa M. B.
OnemeHTHbIN cocTaB 3yboB eBponerickon kocynu (Capreolus
capreolus |.) kak 6BMONHAMKATOP aHTPOMOreHHOro 3arpsA3HEHNS
B Cnosakuun. VIII Bcepoccuiickoh Hay4HOW KOHdepeHuun
MOMOABIX Y4EHbIX U CTyAeHTOB «CoBpeMeHHOEe COCTOSIHWE U
NpyopuTETLl PasBUTUA (DyHAAMEHTamNbHbIX HayK B PermoHax»
1-5 okts6ps 2011 r. KpacHogapckuin kpai, r. AHana.

372. Stafilov T., Sajn R., Frontasyeva M. Soil pollution with heavy
metals due to industrial acitivities, 10" International
Symposium and Summer School on Bioanalysis, September
18-28, 2011, Graz, Austria, Abstract L-15, P. 24.

373. Steinnes E. and Frontasyeva M. Atmospheric supply of
halogens and selenium from ocean to land studied by neutron
activation analysis. Book of Abstracts, Int. Conf. Modern
Trends in Activation Analysis (MTAA-13), March 13-18, 2011,
College Station, Texas, USA. P. 104.

374. Frontasyeva M. Epithermal neutron activation analysis in
applied microbiology. Int. Conf. Modern Trends in Activation
Analysis (MTAA-13), March 13-18, 2011, College Station,
Texas, USA. P. 85.

375. Gorelova S. V., Gorbunov A. V., Lyapunov S. M., Okina O.
I., Frontasyeva M. V.. Woody plants in bioremediation of soil
contaminated with heavy metals in conditions of temperate
continental climate. 5-th European bioremediation Conference
July 4-7 2011, Chania, Grete, Grees (http://www.ebc-
v.org/latest-news.html).

376. Ani¢ié M., Tomasevié M., Frontasyeva M., Spiri¢ Z. Active
moss biomonitoring of trace element atmospheric pollution in
the Belgrade urban area. International conference “Climate
and environmental friendly transportation”, May 16-17, 2011,
Belgrade, Serbia
(http://www.marlogistics.eu/reactconf/index.php)

377. ®poHTtackeBa M. B. OT GMOMOHUTOPUHIa OKpyXatoLlen

cpellbl K MOHWUTOPWHIY 3[0pOBbs YenoBeka (M3yveHue
aTMOCHepHbIX  BbINafeHUn  TSKEMbIX  MEeTannoB  C
UCMONb30BaHNEM HA3EMHbIX pPaCTEeHWii U UX CBSA3b C

3NUAEMUONOrMYeckMMN AaHHbIMK). Bcepoccuiickas HayuHo-
npakTuyeckasi KoHgepeHumst « MOHUTOPMPOBaHME COCTOSIHUSI
300poBbs, kadecTBa M obpasa XW3HM HaceneHus Poccuu.
BnuaHue noBedeHYecknx HaKTOPOB puUCKA Ha 340pOBbe
HaceneHusy, 7-8 uona 2011 r., Mocksa, PO.

378. AnekceéHok 0. B., ®dpoHTackeBa M. B., ®nopek M.,
®daaHxod A.. BUOMOHUTOPUHI AOMTOXMBYLLMX PAANOHYKNNA0B
B Bbenapycu: 20 net nocne YepHobbinsa. Bcepoccuiickas
Hay4Ho-NpakTuyeckas koHgepeHumusi «MoHUTOpUpoBaHue
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COCTOSIHUSA 3[0POBbs, kayecTBa M obpasa XW3HW HaceneHusi
Poccun. BrnusiHMe noBegeHYeckux pakToOpoB pucka Ha
3[40poBbe HaceneHus», 7-8 nioHs 2011, Mocksa, PO.

379. Boinosa H. A., Wnbuenko W. H., Apytynos TI. T1,
®poHTackeBa M. B., JlanyHoB C. M. KoHUeHTpauum TOKCUYHBIX,
NOTEHUMANbHO TOKCUMYHBIX W 3CCEHUManbHbIX SMEMEHTOB B
KPOBM MOCKOBCKMX >XEHLUMH U PUCK PasBUTUS HU3KON Macchbl
Tena (NMMNOTHOE uccregoBaHMe B pamkax npoekta MAFATO).
Bcepoccuiickas Hay4Ho-MpakTuyeckas KOHbepeHumMs
«MoHWUTOpUpOBaHUE COCTOSIHUA 3[0POBbS, kayecTBa u obpasa
XW3HW HaceneHus Poccun. BnvaHue noseaeHYeckux gpaktopos
pvcka Ha 300poBbe HaceneHus», 7-8 uoHs 2011, Mockea, PO.

380. lNopsawnHoBa 3. W., MaHkoBcka b., ®poHTackeBa M. B. 3y6bl
Esponeinckon  kocynu  (Capreolus capreolus L.) kak
GUOVHAMKATOPbI aHTPOMOreHHOro 3arpsisHeHust B CrioBakuu.
Bcepoccuiickas Hay4yHO-NpaKTu4eckas KOHbepeHLUs
«MoHUTOpPUPOBaHUE COCTOSIHUA 3[0POBbS, kayecTBa 1 obpasa
KM3HWU HaceneHust Poccun. BnusiHue noBeageHYecknx dhakTopos
pvcka Ha 300poBbe HaceneHus», 7-8 utoHs 2011, Mockea, PO.

381. Beprenb K. H., ®poHtackeBa M. B., KamanuHa W. 3.
B1OMOHWUTOPUHI aTMocepHbIX BblnageHumn TSXKENbIX
MeTannoB U APYrnX TOKCUYHbIX SNIEMEHTOB C MOMOLLbIO MXOB
Ha npuMepe ceBepo-BocTOka MockoBcko o6nactu u ero
BO3MOXHas pofib B OLEHKe (DaKTOpoB pucka Ha 340pOoBbe

HaceneHus. Bcepoccuiickas Hay4YHoO-MpakTnu4yeckas
KOHpepeHUusi  «MOHUTOpPUPOBaHUE COCTOSIHUSI  3[0POBbS,
KayecTBa UM obpasa xu3HM HaceneHuss Poccuu. BrnusHue

rnoBeeHYecknx hakTopoB puUcka Ha 340POBbE HAceneHus», 7-
8 nioHsa 2011, Mockea, P®.

382. Frontasyeva M. V., Steinnes E., Barandovski L., Marinova S.
Marine gradients of halogens and selenium in moss and soil
studied by ENAA. Book of Abstracts, ISINN-19, 25-28 May
2011, Dubna, Russia.

383. Frontasyeva M. V., Pavlov S. S., Zinicovscaia 1. I,
Kalabegishvili T. L., Murisidze I. G.,. Pataraya D. T, Kirkesali E.
I., Ginturi E. N. Microbial biotechnology studied by ENAA. Book
of Abstracts, ISINN-19, 25-28 May 2011, Dubna, Russia.

384. Sykora I., Povinec P., Brestakova L., Florek M., Holy K.,
Masarik J., Frontasyeva M. V., Steinnes E. Temporal variations

of ™ Cs in surface air in Bratislava, Slovakia, over 33 years.
Book of Abstracts, ISINN-19, May 25-28, 2011, Dubna, Russia.
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385. Gorelova S. V., Frontasyeva M. V., Gorbunov A. V.,
Lyapunov S. M., Okina O. |. Woody plants in passive
biomonitoring and bioremediation of urban ecosystems.
Aspect of heavy metals accumulation. Book of Abstracts,
ISINN-19, 25-28 May 2011, Dubna, Russia.

386. Frontasyeva M. V., Pavlov S. S., Zinicovscaia |,
Kalabegishvili T., Murusidze I., Pataraya D., Kirkesali E. I.,
Ginturi E.N. Biosynthesis of silver and gold nanoparticles
using microbial biomass. Book of Abstracts, ISINN-19, 25-28
May 2011. Dubna, Russia.

387. Aleksiayenak Y. V., Frontasyeva M. V., Vermaercke P.
Trace element atmospheric deposition in Belarus -
estimations based on moss biomonitoring technique. Book of
Abstracts, ISINN-19, 25-28 May 2011, Dubna, Russia.

388. Pantelica A., Culicov O. A., Frontasyeva M. V., Ene A,
Ciortea C., Gugiu M. INAA and PIXE comparison on some
vegetable species (cabbage, tomato, peper and parsnip.)
Book of Abstracts, ISINN-19, 25-28 May 2011, Dubna, Russia.

389. Popescu I. V., Ene A. Cucu-Man S., Todoran R.,
Frontasyeva M., Culicov O., Stihi C., Gheboianu A. Moss
biomonitoring in Romania in the frame of JINR-Romania
collaboration. Book of Abstracts, ISINN-19, 25-28 May 2011,
Dubna, Russia.

390. Korokin A. Zh., Pankratova Yu. S., Frontasyeva M. V. Pine
needles as a bioindicator of atmospheric pollution of Republic
Karelia. Book of Abstracts, ISINN-19, 25-28 May 2011, Dubna,
Russia.

391. Zinicovscaia |, Frontasyeva M. V., Kalabegishvili T.,
Kirkesali E. I., Shvindina N. V., Khakhanov S. N. Scanning
electron microscopy and Energy Dispersive X-ray
spectroscopy in microbial biotechnology of silver and gold
nanoparticles. Book of Abstracts, Workshop “Structural
aspects of biocompatible ferrocolloids: stabilization, properties
control and application” BIOFC, 19-20 August 2011, Dubna,
Russia. P. 42.

392. Frontasyeva M.V. Epithermal neutron activation analysis in
applied microbiology. Book of Abstracts, Workshop “Structural
aspects of biocompatible ferrocolloids: stabilization, properties
control and application” BIOFC, 19-20 August 2011, Dubna,
Russia. P. 42.
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MISCELLANEOUS

National Aeronautics and Space Administration

Group Achievement Award
The Lunar Reconnaissance Orbiter (CRO) Team Shvetsov V.N.

For expeprional accomplisfments in developing and sperating the LRO spacecnaft aud
instrments,

The Group Achievement Award of the National
VN. Shvetsov Aeronautics and Space Administration of USA
for exceptional accomplishments in developing
and operating the Lunar Reconnaissance
Orbiter spacecraft and instruments

Tropin T.V.

Investigation and Description of Cluster Growth in Polar Solutions of Fullerene 60

Winner of the 2011 Competition for grants of the RF President for State support of young
Russian scientists in the section “Physics and Astronomy”

Project “Cryogenic moderator-cold neutron source for investigation of nanostructures”
Winner in the «All-Russian Contest to support high-technology innovation youth projects»

(organized by the National Association of Innovations and Development of Information
Technologies with the support of the Russian Academy of Sciences)

Project “Creation of a cold bead neutron moderator on the IBR-2 fast pulsed reactor for
investigation of nanomaterials and condensed matter”

Winner in the All-Russian Contest of innovation youth projects «Zvorykinsky award» in the
nomination «Nuclear technologies»

The following FLNP employees were awarded with:

e badge “Academician I.V. Kurchatov”, class 4 — FLNP Chief Engineer A. V. Vinogradov
e badge of honor “For Service to Dubna” — FLNP Directorate Adviser V. D. Ananiev
o title “Honorary JINR Staff Member — FLNP leading researcher Yu. N. Pepelyshev

At every session of the Programme Advisory Committees for Condensed Matter Physics and Nuclear
Physics a competition is organized for the best poster presented in the poster session for young
scientists.
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The posters “Structure peculiarities of ao-
crystalline studied by small-angle neutron
and X-ray scattering” presented by
T. Murugova and “Microbial synthesis of
silver nanoparticles Streptomyces glaucus
and Spirulina platensis” presented by
I. Zinicovscaia were selected as the best
posters by the 34" session of the PAC for

T. Murugova's presentation at the 110" Session of the JINR Condensed Matter Physics and for Nuclear

Scientific Counil, September 15-16, 2011 Physics, respectively, and recommended
for oral presentation at the JINR Scientific
Council.

JINR AND FLNP FELLOWSHIPS

Since 2010, the Association of Young Scientists and Specialists of JINR has been annually
organizing a competition for scholarships in four categories. In 2011 the scholarships were awarded
to:

1. grant for young PhD researchers 3. grant for young specialists
S.E. Kichanov A.V. Kutergin
N.O. Ryabova M.V. Bulavin

2. grant for young researchers K.V. Udovichenko
I.A. Bobrikov 4. grant for young workers
A.V. Rogachev D.V. Kokunov
Yu.S. Pankratova M.A. Kulikov
D.V. Kustov

Since 2002, in FLNP a scholarship named after Academician of the USSR Academy of
Sciences and first Director of the Laboratory of Neutron Physics I.M. Frank has been established in
order to stimulate scientific and methodical research of young scientists.

In 2011 .M. Frank scholarships were awarded to:

e In Neutron Nuclear ¢ In Condensed Matter ¢ In Methodical
Physics Physics Investigations
I.I. Zinikovskaia A.V. Rogachev L.A. Taibov

Since 2006, two scholarships have been founded to immortalize the memory of outstanding
scientist, Corresponding Member of the USSR Academy of Sciences F.L. Shapiro.
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One of them is awarded annually to two young FLNP employees in the following research directions:
UCN physics; polarized neutrons; neutron spectroscopy.
In 2011 F.L. Shapiro scholarships were awarded to:

¢ In «Polarized Neutrons» ¢ In «Neutron Spectroscopy»
V.1. Petrenko Yu.V. Alekseenok

The other is awarded each semester to one student and one PhD student of the University Centre
carrying out research studies in FLNP.
The following FLNP employees received this scholarship in 2011:

e Students Samoilenko S.A. e PhD student Verkhogliadov A.Ye.

Tomchuk A.V.

JINR PRIZES*

JINR Prizes are awarded annually for the best scientific, technical, methodical and applied research
studies. In 2011, the following studies performed by the FLNP specialists or in collaboration with the
employees of other Laboratories were awarded with the prizes of various degrees:

*the authors from FLNP are marked in bold

Experimental physics research: Scientific and technical applied research:
First Prize Second prize

«Observation of the new type of ternary decay «Proposal and investigation of new materials -
of heavy nuclei» low-temperature  fluoropolymers  for  the
Authors: D.V. Kamanin, Yu.V. Pyatkov, ultracold neutrons storage chambers with very
A.A. Alexandrov, |.A. Alexandrova, low neutron losses used in the new precision
V.E. Zhuchko, N.A. Kondratjev, neutron lifetime measurement»

Yu.N. Kopatch, E.A. Kuznetsova, W. Trzaska, Author: Yu.N. Pokotilovski

W. von Oertzen

Encouraging prizes

«Handbook of Neutron Optics”» «The spin-state transitions and magnetic

Authors: Masahiko Utsuro, V.K. Ignatovich ordering in complex cobalt oxides»
Authors: D.P. Kozlenko, N.O. Golosova,
B.N. Savenko, S.E. Kichanov, E.V. Lukin,
V.Yu. Kazimirov, Z. Jirak
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FLNP PRIZES

Nuclear Physics:
First Prize

«Measurement of '**Sm(n,a)'*°Nd reaction
cross section in the neutron energy range of
4 -7 MeV»

Authors: Yu.M. Gledenov, G. Chjan,
G. Huuhenhuu, M. Sedysheva, P. Shalansky,
P. Keller, Yu.N. Voronov

Second Prize

«Dynamic effects in the interaction of neutron
waves with normal and doubly refracting
samples moving with acceleration»

Authors: A.l. Frank, D.V. Kustov, G.V. Kulin

Third Prize

«A proposed experiment on ball lightning
model»

Authors: V.K. Ignatovich, F.V. Ignatovich

Applied and methodical research:
First Prize

«Differential time-of-flight spectrometer of very
slow neutrons»

Authors: Yu.N. Pokotilovskyi, M.I. Novopoltseyv,
P. Geltenbort, T.A. Brenner

Second Prize

«Investigation of structural aspects in the
formation of oxide nanoparticles in silicate
glasses doped with cerium and titanium
oxides»

Authors: S.A. Samoilenko, S.Ye. Kichanov,
A.V. Belushkin, D.P. Kozlenko, V.M. Garamus,
Ye.A. Trusova, G.P. Shevchenko, V.S. Gurin,
L.A. Bulavin, S.K. Rakhmanov, B.N. Savenko

Encouraging prize

Author: Sh. Zeynalov.

Condensed matter physics:

First Prize

«Theoretical and experimental investigations of
propagation of polarized neutrons in a layered
structure placed in crossed static and
oscillating magnetic fields»

Authors: V.K. Ignatovich, S.V. Kozhevnikov,
Yu.V. Nikitenko, F. Radu

Second Prizes

«Effects of structural disorder in fine-grained
HTSC YBa,CuszOyp»

Authors: A.M. Balagurov, L.G. Mamsurova,
[.A. Bobrikov, To Than Loan,

V.Yu. Pomyakushin, K.S. Pigalskyi,

N.G. Trusevich, A.A. Vishnev.

«Effects of formation of clusters and charge
transfer complexes in C60/NMP solutions»
Authors: T.V. Tropin, E.A. Kyzyma, T.A. Kyrey,
M.V. Avdeev, V.L. Aksenov
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Third Prize Encouraging prize
«Antipolar phase in multiferroic BiFeO3 at high «Investigation of deterministic fractals:
pressures» extracting additional information from small-
Authors: D.P. Kozlenko, A.A. Belik, angle scattering data»
A.V. Belushkin, Ye.V. Lukin, G. Marshall, Authors: A.Yu. Chernyi, E.M. Anitas,
B.N. Savenko, E. Takayama-Muromachi. V.A. Osipov, M. Balasoiu, A.l. Kuklin

AYSS PRIZES

Annually the Association of Young Scientists and Specialists (AYSS) organizes a competition for the
best scientific, methodical and scientific and applied research studies performed by young scientists
and specialists of the Joint Institute for Nuclear Research. In 2011, our employee S.Ye. Kichanov
won the Second Prize in the nomination “scientific and technical applied research”.

Annual Report



Annual Report



6. ORGANIZATION

«
[ )
L |

@

STRUCTURE OF LABORATORY AND SCIENTIFIC DEPARTMENTS

Directorate:

Director

A.V. Belushkin

Deputy Director

V.N. Shvetsov

Deputy Director

Deleg Sangaa

Deputy Director

S.V. Kozenkov

Chief engineer:

A.V. Vinogradov

Scientific Secretary O.A. Culicov
Laboratory Scientific Leader V.L. Aksenov
Advisor to Directorate V.D. Ananiev
Reactor and Technical Departments Head
IBR-2 reactor Chief engineer: A.V. Dolgikh
Mechanical maintenance division A.A. Belyakov
Electrical engineering department V.A. Trepalin
Design bureau A.A. Kustov
Experimental workshops A.N. Kuznetsov

Scientific Departments and Sectors Head
Department of neutron investigation of D.P. Kozlenko
condensed matter
Nuclear physics department V.N. Shvetsov
Department of IBR-2 spectrometers complex S.A. Kulikov

Administrative Services Scientific Secretary Group
Secretariat Secretariat
Finances Translation
Personnel Graphics
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DEPARTMENT OF NEUTRON INVESTIGATION OF CONDENSED MATTER

Sub-Division Title Head
Sector 1: Neutron Diffraction. Head: A.M. Balagurov
Group No.1 HRFD A.M. Balagurov
Group No.2 DN-2 A.l. Beskrovnyi
Group No.3 DN-12 B.N. Savenko
Group No.4 Geomaterials A.N. Nikitin
Group No.5 SKAT /Epsilon Ch. Scheffzik

Sector 2: Neutron Optics. Head: M.V. Avdeev

Group No.1 Physics of Surfaces Yu.V. Nikitenko

Group No.2 Physics of Nanostructures M.V. Avdeev
Small angle scattering group A.l. Kuklin
Inelastic scattering group I. Natkaniec

NUCLEAR PHYSICS DEPARTMENT

Sub-Division

Title

Head

Sector 1. Correlation y-spectroscopy and development of experimental installations.
Head: N.A. Gundorin

Sector 2. Investigation of neutron properties. Head: Ye.V. Lychagin

Sector 3. Neutron activation analysis. Head: M.V. Frontasyeva

Group No.1 Analytical M.V. Frontasyeva
Group No.2 Experimental S.S. Pavlov
IREN facility V.G. Pytaev

DEPARTMENT OF IBR-2 SPECTROMETERS COMPLEX

Sub-Division Title Head
Group No.1 Detectors A.V. Churakov
Group No.2 Electronics A.A. Bogdzel
Group No.3 Information technologies A.S. Kirilov
Group No.4 Sample environment and choppers A.P. Sirotin
Group No.5 Cryogenic investigations A.N. Chernikov
Group No.6 Cold moderators S.A. Kulikov
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PERSONNEL
Distribution of the Personnel per Department as of 31.12.2011
Theme Departments People
-1104- Nuclear Physics Department 79
-1069- Department of neutron investigation of condensed matter 85
-1075- Department of IBR-2 spectrometers complex 46
-1105- IBR-2 reactor 46
Mechanical and Technical Department 45
Electric and Technical Department 28
Central Experimental Workshops 37
Nuclear Safety Group 7
Design Bureau 6
FLNP infrastructure:
Directorate 9
Services and Management Department 24
Scientific Secretary Group 3
Supplies Group 4
Total 419

Personnel from the JINR Member States (besides the RF) as of 31.12.2011

Country People of Whicrzzgsu;gafg)ecialists
Azerbaijan 8 8
Belarus 1 1
Bulgaria 5 2
Georgia 2

Germany 2

Moldova 2

Kazakhstan 3

Mongolia 9

Poland 5

Romania 6 1
Ukraine 10 10
Serbia

Vietnam

TOTAL 56 36
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In 2011 18 PhD students conducted experimental research at the FLNP facilities.

Our PhD students

Name Country PhD student of
Milkov V.M. Bulgaria University of Sofia
Anghel L. Moldavia :\r/}z:ic;:ﬁacg Xzzgqésr;gc?fféi?ences
Zinikovscaia I Moldavia ﬁr(])il\(/jzrvsig% %gggemy of Sciences
Neamsuren B. Mongolia National University of Mongolia
Erhan R.V. Romania University of Bucharest
Gruzinov A.Yu. Russia JINR University centre
Verhogleadov A.E. Russia JINR University centre
Bulavin V.V. Russia Tula National University
Mukhin K.A. Russia JINR University centre
Goriunov S.V. Russia JINR University centre

Institute of ecology and evolution
Goriainova Z.1. Russia of the Russian Academy of

Sciences
Nagornyi A.V. Ukraine National University of Kyiv
Solovev D.V. Ukraine National University of Kyiv
To Than Loan Vietham Tula National University
Fan Thi Ngok Loan | Vietham Tula National University
Chan Tuan An Vietnam Tula National University
Dang Ngok Toan Vietnam Tula National University

In 2011, 5 BSc and 5 MSc theses were defended using the experimental material obtained in

FLNP. Two of our employees were conferred a Doctor of Science degree.
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INTERNATIONAL COOPERATION

In 2011 the Frank Laboratory of Neutron Physics collaborated with 158 institutions from 20 JINR
Member States or Associated Members of JINR and 45 institutions from 23 Non-Member States of
JINR. The distribution of the institutions by country is presented below.

jan
Sy

Azerbaij
(4

T
=
v
=
=
<

guied™?

czech Republic

Russian federation

siovak Republic

Germany

Romania

Argentina
Australia
Austria
CERN

China
Finland
Macedonia
Netherlands
Slovenia
Spain
Taiwan
Thailand
Turkey
Belgium
Greece
Latvia
Norway
Switzerland
United Kingdom

USA

France

oo

Japan

Korea

Annual Report



. * . ® - @ - =] O

o

7. INTERNATIONAL COOPERATION AND 75
USER INTERACTION o .@
List of Visitors from the JINR Member States or Associated Members of JINR in 2011

Country Nr of visitors
Azerbaijan 1
Belarus 3
Bulgaria 2
Czech Rep. 8
Egypt 1
Germany 4
Hungary 1
Mongolia 3
Poland 9
Romania 14
Serbia 1
Slovak Republic 1
Ukraine 3
List of Visitors from Non-Member States of JINR in 2011
Country Nr of visitors
France 1
Japan 2
Republic of Korea 2
Taiwan 4
United Kingdom 1

USER INTERACTION

The first call for proposals for experiments at the modernized IBR-2 reactor was open from November 15 to
January 31. A total of 153 proposals from 17 countries were submitted.

Other (21} Biology {16]

Chemistry (22}

Other

institutions
71%

Material science {37}

Physics (57}

Proposal distribution by science Proposal distribution by applicant’s affiliation
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8. FLNP AND MASS-MEDIA .@

The most significant FLNP events in 2011 — the completion of the IBR-2 physical start-up and the
power start-up of the reactor — were covered by:

. leading Russian News agencies
(S = http://center.ria.ru/science/20110705/82438871.html
" EH&!"OBHCTH = http://ria.ru/science/20110705/397695590.html

:':JI? f 1 i.? || [/ Iff/g‘?r e http://www.newsru.com/russia/05jul2011/re
3 :fll'l_J‘]I.'_n'I — ._.-4_/ rMBE@m actor.html

. television channels with national (like Russia 1) or regional (like TV Podmoskovie and
Dubna TV) audience

R

Mockopsckan

2 ol d

05.07.2011

. and in electronic publications:
=  http://www.vokrugsveta.ru/news/12439
= http://www.i-russia.ru/all/articles/6516/
= http://www.nanonewsnet.ru/news/2011/v-dubne-zapushchen-unikalnyi-issledovatelskii-
reaktor
= http:/lvz.ru/news/2011/7/5/504927 .html

Several news reports about the Il International Scientific School for Young Scientists and Students
“Instruments and Methods of Experimental Nuclear Physics. Electronics and Automatics of
Experimental Facilities” (November 07-09, Dubna) were published:

] http://rusnanonet.ru/news/66954/

] http://www.nanonewsnet.ru/news/2011/eksperiment-bez-sovremennykh-priborov-
ne-postavit

= http://www.mosreg.ru/news/65522.html

= http://dubna-oez.ru/news/177.htm

] http://dubna.ru/34/8791.html
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Representatives of various mass-media were interested in the opinion of our specialists on the
problem of nuclear safety in the world (TV Dubna, NTV, TV Podmoskovie) and about the development
of the Skolkovo project (REN TV).

The international scientific community could get news on the FLNP events from the world wide
distributed journals like:

Neutron News
All-Russian Neutron School for Young Scientists and Students on Modern Neutron Diffraction
Studies
Volume 22, Issue 2, pages 3-11
http://www.tandfonline.com/doi/full/10.1080/10448632.2011.568865

User Meeting of Small-angle Neutron Scatterers at JINR, Dubna
Volume 22, Issue 4, pages 4-9
http://www.tandfonline.com/doi/full/10.1080/10448632.2011.617263

Pelletized Mesitylene-based Cold-neutron Moderator
Volume 22, Issue 2, pages 26-32
http://www.tandfonline.com/doi/full/10.1080/10448632.2011.570584

Nuclear Physics News
19™ International Seminar on Interaction of Neutrons with Nuclei
Volume 21, No 3, pages 37-38
http://www.nupecc.org/npn/npn213.pdf

NMI 3 Newsletter
FLNP and JINR re-open the IBR-2 reactor
Issue 1, July 2011, pages 34-35
http://nmi3.eu/news-and-media/newsletter-.html

IBR-2 user programme resumes
Issue 2, November 2011, pages 34-35
http://nmi3.eu/news-and-media/newsletter-.html

The bilingual bulletin News of the Joint Institute for Nuclear Research and the weekly newspaper
"DUBNA: Science, Cooperation, Progress" published by JINR also regularly include reports on the
FLNP events and achievements.
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YU.M. OSTANEVICH

Yu.M. Ostanevich would celebrate his 75" birthday in 2011. His colleagues remember him as a
remarkable person “with a unique ability of being himself and expressing his individuality in any
situation, whether ordinary or unusual” — they wrote in the book of memoirs “Yu.M. Ostanevich:
Scientist. Teacher. Friend.” published in 2002. An example of lifetime recognition and high
appreciation of his work was the speech of the Corresponding Member of the USSR Academy of
Sciences F.L. Shapiro, the first Deputy Director of the Laboratory of Neutron Physics and one of its
founders made at the Doctor Thesis defense of Yu.M. Ostanevich:

“I would like to tell a few words about Yu.M. Ostanevich as a physicist of our Laboratory. He is
one of our greatest physicists. His distinctive feature is that it is difficult to find a research field where
he would not be an expert, no matter whether it is in the application of computers or in cryogenic
equipment. He is not afraid of excursuses into the theory plunging himself into the theory of relativity,
nuclear physics or condensed matter theory. He devises challenges for himself and then successfully
solves them. The fact that he defends his thesis after 12 years of work tells us that he is deeply
preoccupied with various ideas and problems. His dissertation is a very interesting study on the liquid-
gas critical state and he is an excellent specialist in neutron techniques. | believe that
Yu.M. Ostanevich is not just a Doctor of Science according to his qualification, but an outstanding
Doctor of Science.”

The results of the voting supported this high appraisal. He was awarded with the degree of
Doctor of Science omitting the PhD degree.
Key events in his research activity:
1953-1959 student of the Physics Department of the Moscow State University
1957-1959 engineer of the Institute of Nuclear Physics of MSU

1959-1960 senior laboratory assistant in the Laboratory of Neutron Physics

1960-1966 junior researcher

1966-1970 researcher

1970-1992 head of the Department of Neutron Measurements (later the Department for Neutron
Investigations of Condensed Matter)

1971 Doctor of Science in Physics and Mathematics

1990 Professor of the Moscow Engineering Physics Institute (MEPhI)

2000 Laureate of the RF State Prize for the development and realization of new methods in

time-of-flight neutron diffraction studies at pulsed and steady-state nuclear reactors
(posthumously) (together with V.L. Aksenov, A.M. Balagurov, V.P. Glazkov,
V.A. Kudryashov, V.V. Nietz, V.A. Somenkov, V.A. Trunov)

Inventions:

1970 Method for determination of the ratio of low currents. Authors: V.N. Zamrii, V.l. Lazin,
Yu.M. Ostanevich

1977 Wire detector of slow neutrons. Authors: B.N. Ananiev, Y.M. Ostanevich, Ye.Ya. Pikelner

1980 Method of studying holograms without a reference beam. Authors: V.K. Ignatovich,

Yu.M. Ostanevich, M.I. Podgoretskii
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YE.P. SHABALIN

To the 75" birthday jubilee of, a leading scientist of the Frank Laboratory of Neutron Physics.
Fragment from the article by A.V. Strelkov.

In the middle of 1959 a young promising specialist Zhenya Shabalin came to the Laboratory of
Neutron Physics (LNP). After graduation from school with a gold medal for academic excellence, he
was uncertain about his future profession. He was fascinated with the arts and even thought of
becoming a film director. But on further consideration he entered the Moscow Engineering Physics
Institute (MEPhI). After graduation he came to Dubna. At that time in LNP the construction of the
world’s first pulsed reactor IBR-2 was nearing completion and a young specialist Zhenya Shabalin
took an active part in the start-up of the reactor. The start-up group was relatively small and Zhenya
had the chance to contact closely with legendary by that time physicists D.I. Blokhintsev, I.M. Frank,
F.L. Shapiro, Yu.Ya. Stavissky. This helped him to quickly grasp the principle of operation and design
of the reactor, so that Zhenya, despite his young age, became a leading physicist and an authority for
the reactor staff as soon as the IBR started its operation. An outstanding physicist and Deputy Director
of LNP F.L. Shapiro knew for sure who he should ask to evaluate the possibility in principle of creating
a new IBR that would be 1000 times more powerful than the old one and invited Shabalin to do it.
Zhenya and his colleagues performed some calculations and showed that Shapiro’s idea could be
realized. Later on, the possibility of practical realization of construction of a more powerful reactor
(IBR-2) was supported by D.l.Blokhintsev's enthusiasm. During the construction of IBR-2
Ye.P. Shabalin became close with D.Il. Blokhintsev discussing with him not only some technical
problems connected with the creation of a new IBR, but also some questions of science, history and
arts. By then having become a mature engineer-physicist, he did not give up his youth’s passion for
the arts. He tried to make movies and cartoons at the film studio “Dubfilm”, took part in the stage
direction process and successfully played roles in the amateur satirical performances.

Meanwhile the old IBR was shut down for reconstruction into IBR-30 and Ye.P. Shabalin took
an active participation in the work. In 1971 Ye.P. Shabalin was among the group of authors awarded
with the USSR State Prize for the creation of a pulsed reactor with an electron accelerator.
Ye.P. Shabalin played a special role at the final stage of the construction of IBR-2. The initial rated
power of IBR-2 was 4 MW, however because of overcautiousness for the State Acceptance
Committee the reactor was decided to be commissioned at a power of only 1 MW, which in the opinion
of the project leaders would significantly enhance the safety of the reactor operation. But then, at the
crucial moment a chief physicist of the project Ye.P. Shabalin appeared uninvited at the Committee
meeting and proved and convinced its members that IBR-2 could operate at a power of 2 MW. Later
on he received a severe reprimand from the security authorities who had overlooked the appearance
of Ye.P. Shabalin at the meeting. The IBR-2 had operated for 20 years without any serious troubles
and was successfully modernized. During this time Ye.P. Shabalin wrote a monograph on pulsed
reactors, discovered a stochastic instability of the pulsed reactor behavior, suggested a number of
devices, which improve the efficiency of the operation of a reactor as a neutron source. One of these
devices is the so-called “cold” moderator, which makes it possible to increase many times the portion
of slow neutrons that are the most useful in the majority of the experiments carried out at the reactor.
At present, the installation of the cold moderator suggested by Ye.P. Shabalin is in progress.

Advancing in years Ye.P. Shabalin is not fond of some youth hobbies any more: football,
photography, boat trips, but he has not lost his interest in literature yet. He wrote and published two
adventure novels and a book of poems. And at present Ye.P. Shabalin is the chairman of the JINR
Museum Council.
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DEPARTMENT OF NEUTRON INVESTIGATION
OF CONDENSED MATTER

SAXS STUDIES OF ULTRASONICATED DISPERSIONS OF BIOMINERAL FERRIHYDRITE
NANOPARTICLES USING THE ATSAS SOFTWARE PACKAGE ANALYSIS
L. Anghel, M. Balasoiu, A.V. Rogachev, T.S. Kurkin, A.l. Kuklin, L.A. Ishchenko, S.V. Stolyar, R.S.
Iskhakov, Yu.L. Raikher, G.M. Arzumanian

CATION DISTRIBUTION IN Zn-SUBSTITUTED Ni-Ga-Fe SPINEL
S.S. Ata-Allah, A.M. Balagurov, A. Hashhash, I.A. Bobrikov, V.G. Simkin, Sh. Hamdy

SANS STUDY OF BIOCOMPATIBLE MAGNETIC FLUIDS STABILIZED WITH POLY(ETHYLENE GLYCOL)
M.V. Avdeev, V.I. Petrenko, A.V. Nagornyi, V.M. Garamus, A.V. Feoktystov, V. ZaviSova, M.
Koneracka, G. Lancz, N. TomaSovi¢ova, M. Timko, P. Kop¢ansky

MAGNETIC FIELD AND PARTICLE CONCENTRATION COMPETITIVE EFFECTS ON FERROFLUID
BASED SILICONE ELASTOMER MICROSTRUCTURE
M. Balasoiu, I. Bica, V.T. Lebedev, A.l. Kuklin, Yu.L. Raikher

NEUTRON DIFFRACTION STUDY OF LiFePO, CATHODE MATERIAL DOPED WITH VANADIUM OXIDE
I.A. Bobrikov, V.G. Simkin, Chih-Hao Lee, Chi-Wei Hu, Tsan-Yao Chen,
Sangaa Deleg, A.M. Balagurov

NEUTRON DIFFRACTION STUDY OF ATOMIC AND MAGNETIC STRUCTURES OF Lay.,SryFe,sMo01,303
I.A. Bobrikov, V.G. Simkin, S.Ya. Istomin, V.V. Vishnyakova, M.V. Lobanov, E.V. Antipov, A.M.
Balagurov

THE STRUCTURAL STUDIES OF ANTIFERROELECTRIC-FERROELECTRIC PHASE TRANSITION IN
SODIUM NIOBATE
S.G. JabaroV®, D.P. Kozlenko, S.E. Kichanov, A.l. Mamedov, B.N. Savenko, R.Z. Mextieva, C. Lathe

THE STRUCTURAL STUDIES OF Y3AI5012:Ce3+/Lu203 PHOSPHORS SYNTHESIZED BY COLLOID-
CHEMICAL METHOD
S.E. Kichanov, E.V.Frolova, G.P.Shevchenko, D.P.Kozlenko, A.V.Belushkin, E.V.Lukin,
G.E.Malashkevich, S.K.Rakhmanov, V.P.Glazkov and B.N.Savenko

EXPERIMENTAL DETERMINATION OF NEUTRON CHANNELING LENGH IN PLANAR WAVEGUIDE
S.V. Kozhevnikov, F. Ott, A. Riihm, and J. Major

RIETVELD TEXTURE ANALYSIS OF SKAT DIFFRACTOMETER DATA: RECENT ADVANCES AND
PERSPECTIVES
S. Matthies, R.N. Vasin

DEVELOPMENT OF THE SESANS SPECTROMETER ELEMENTS BASED ON ROTATING MAGNETIC
FIELDS
A. Rubtsov, A. loffe, V. Bodnarchuk, S. Manoshin

NEUTRON AND SYNCHROTRON X-RAY DIFFRACTION STUDY OF MODEL ORAL STRATUM
CORNEUM LIPID MIXTURES
N.Yu. Ryabova, A.Yu. Gruzinov, A.V. Zabelin, S.G. Sheverev, A. Buchsteiner, T. Haul3

ISOTHERMAL COMPRESSIBILITY AND THICKNESS OF LIPID BILAYER SIMULTANEOUSLY
MEASURED UNDER HYDROSTATIC PRESSURE
D.V. Soloviov, O.l. Ivankov, Yu.E. Gorshkova, T.B. Petuhova, Yu.S. Kovalev, A.P. Sirotin, V.I.
Gordeli, A.l. Kuklin

STRUCTURE OF CLUSTERS IN AQUEOUS DISPERSIONS OF NANODIAMONDS BY SMALL-ANGLE
NEUTRON SCATTERING: EXPONENTIAL/POWER-LAW APPROACH
O.V. Tomchuk, L.A. Bulavin, V.M. Garamus, V.L. Aksenov, M.V. Avdeev

*All experimental reports are published as submitted by the authors.

Annual Report




@@Q.
81

10. EXPERIMENTAL REPORTS* . ,@

STUDY OF Cgso/NMP/TOLUENE AND Cgo/NMP/WATER SOLUTIONS BY UV-VIS SPECTROSCOPY AND

SMALL-ANGLE NEUTRON SCATTERING
T.V. Tropin, T.O. Kyrey, O.A. Kyzyma, A.V. Feoktistov, M.V. Avdeev, L.A. Bulavin L. Rosta,

V.L. Aksenov
UPGRADE OF THE NEUTRON OPTICAL SYSTEM FOR THE DIFFRACTOMETERS Epsilon-MDS AND
SKAT AT THE REACTOR IBR-2
K. Walther, Ch. Scheffzuek, F. Shilling, A. Frischbutter, A.P. Bulkin, V.A. Kufryashov, V.V. Shuraviev,
A.V. Belushkin

NUCLEAR PHYSICS DEPARTMENT

NEUTRON ACTIVATION ANALYSIS OF SEDIMENTS AND ROCKS FROM TWO LAKES OF ROMANIA
O.G. Duliu, S.M. Lyapunov, M.V. Frontasyeva
APPLICATION OF SOME MICROORGANISMS FOR SYNTHESIS OF GOLD AND SILVER

NANOPARTICLES
M.V. Frontasyeva, S.S. Pavlov, |.I. Zinicovscaia, E.I. Kirkesali, T. Kalabegishvili,

. Murusidze, A. Faanhof

*All experimental reports are published as submitted by the authors.

Annual Report




SAXS STUDIES OF ULTRASONICATED DISPERSIONS OF
BIOMINERAL FERRIHYDRITE NANOPARTICLESUSING THE ATSAS
SOFTWARE PACKAGE ANALYSIS

L. Anghel®, M. Balasoiu®®, A.V. Rogachev?, T.S. Kurkin®, A.l. Kuklin? L.A. I shchenko®"
SV. Stolyar®’, R.S. Iskhakov®’ |, Yu.L. Raikher% G.M. Arzumanian?

@Joint I nstitute of Nuclear Research, Dubna, 141980, Russia
® nstitute of Chemistry of ASM, Chisinau, Republic of Moldova
“Horia Hulubei National I nstitute of Physics and Nuclear Engineering, Bucharest, Romania
9 nstitute of Synthetic Polymer Materials RAS, 117393, Moscow, Russia
°Siberian Federal University, 660041, Krasnoyarsk, Russia
'Kirensky I nstitute of Physics, Siberian Branch of RAS, 660036, Krasnoyarsk, Russia
9 nstitute of Continuous Media Mechanics, Ural Branch of RAS, 614013, Perm, Russia

New methods are developing to control disparity, chemical composition, the size, and the
shape to get the best particles which can be well applied in different fields of science. A
promising new dimension in this field is the use of microorganisms for the production of
inorganic nanoscale particles. A growing need to understand the basics of this technique to
facilitate application of the new methodology to laboratory and industrial needsis present.

This paper presents SAXS studies of ultrasonicated dispersions of biomineral ferrihydrite
nanoparticles produced by bacteria Klebsiella oxytoca using the ATSAS software package [1]
analysis.

The SAXS intensity is experimentally determined as a function of the scattering vector q
whose modulusisgiven byq=4xsing/ A1, 260 isthe scattering angle and 4 the wavelength of

the incident X-ray beam. For an ensemble of structurally homogenous, randomly oriented
particles, the intensity of scattered radiation can be expressed as.

I(q) = N(4pV)*P(q)S(q) 1)
In Eq. (1), N is the number of particles per unit volume; Ag is the contrast, which reflects the
difference between the electronic density of the scattering components; and V is the volume of
each particles; P(q), the form factor, encodes the ensemble average structure of the particlesin
reciprocal space; and §q), the structure factor, encodes correlation distances between particlesin
the reciprocal space.

SAXS measurements on ferrihydrite nanoparticles were performed at the Brucker
Nanostar SAXS spectrometer in function at the Institute of Synthetic Polymer Materials RAS,
Moscow. The experimental setup covered the g range 0.007 — 0.23 A™. The experimental
scattering curves presented in Fig. 1, were analyzed using the software ATSAS 2.4, which is
suitable for small angle scattering data analysis. In order to eliminate concentration or
aggregation influence on the modeled experimental data, a linear extrapolation to zero
concentration was done for the scattering data obtained on the samples with different
concentrations of ferrihydrite particles. In this case, the structure factor S(q) becomes equal to 1

over thewhole q range, and Eq. (1) reduces to:
I(q) = N(4pV)*P(q) )

Radius of gyration, Rs, which represents the distance of the scattering object parts from its center
of gravity, was calculated in aq range of 0.024-0.034 A using the Guinier approximation:



os! I(q) = 1(0)exp (—q*R:/3) €)
A rough value of 6.41+0.13 nm for the
radius of gyration independently of the
shape of the investigated particles was
obtained. In order to calculate more
precisely the values of Rg, the pair
_ distribution function of biominerd
e S - nanoparticles was computed using the
010 015 4 020 fitting procedures included in GNOM
Fig.1. SAXS scattering curves from ferrinydrite samples a8 opoftware ™ from ATSAS package.
different _ concentraléison: buffer _3(1); ferrihyd_gite Typically, the particle distance
concentration 3.70x10°M (2); 5.54x10°M (3); 7.41x10°M distribution function, p(r)=y(r)r2, where

(4); 1.48x10°M (5) plotted by PRIMUS; the logarithm of . D :
the scattering intensity 1(q) vs modulus of the scattering V(r)_ 1S the_ characteristic funCt'On_ Of_ the
vector ¢ is shown. particles, is calculated by an indirect

Fourier transformation to avoid problems
due to the discrete sampling of the I(g) curve over afinite range. The indirect Fourier transform
essentially constructs tria p(r) functions that are Fourier transformed and evaluated in
comparison with the experimental scattering. In the GNOM program, a regularizing multiplier is
used to balance the smoothness of the trial p(r) function with the goodness of the fit to the data.
Thus, the radius of gyration is obtained from the p(r) function using formula:

RZ = [’ v?p (r)dr/ [ p(r)dr 4

In EQ. (4), Dmax denotes the maximum distance inside the scattering particle. This method to
determine Rg takes into accounts all of the collected experimental data, not only those limited to
small g domains, asis used in the Guinier approximation. Calculated p(r) distribution function in
the g range 0.02 —0.26 A™ is presented in Fig. 2.

The elongated tail of the p(r) function within the r - range of 120 — 200 A indicates the
presence of macromolecules in the scattering solutions. This fact, that biogenic nanoparticles
removed from bacterium Klebsiella oxytoca are still wrapped in an organic sheath, was
previously shown by HRTEM analysis. We remark also that the value of radius of gyration of
6.73+£0.16 nm calculated from pair-digtribution function is close to those obtained earlier from
the Guinier approximation.
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Fig.2. Function p(r) caculated from the scattering Fig.3. ab initio reconstruction of water dispersed
curve obtained from extrapolation to zero concentration ferrihydrite nanoparticles.

The overall shape of the particles was further computed by the program GASBOR. This
software performs an ab initio reconstruction of molecular structure by a chain-like ensemble of
dummy residues. Fig. 3 displays the resulting plot for the scattering curve obtained from a
sample of biogenic ferrihydrite nanoparticles. The identified elongated 3D object resembles quite
closely the rod-like model reported earlie. As any other method that generates 3D structures from
the 1D scattering data, the resulting pattern is not unique and might be optimized with
supplementary experimental data.

[1] D. I. Svergun, et. a. J. of Appl. Cryst. 40 (2007) s223-s228; D. |. Svergun, et. a., J. of Appl.
Cryst. 25 (1992) 495-503; D. I. Svergun, et. al., Biophysical J. 80 (2001) 2946-2953
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Spinels with A*B**,0, formula are ternary oxides that have numerous and important
technological applications, especially as magnetic, super-hard and high-temperature materials. From
physical point of view, the cubic-to-tetragonal phase transformation and Jahn—Teller (JT) distortion
in the tetragonal phase have attracted considerable attention during many years. For instance, the
NiFe,O4 compound for the first time has been investigated by means of neutron diffraction about 60
years ago [1].

In the normal cubic spinel structure the oxygen ions form a cubic close packed lattice with
the A and B cations occupying, respectively, tetrahedrally and octahedrally coordinated interstices.
In the “inverted” spinel structure A- and B-cations substitute each other, which means that the real
composition is (A1.xBx)[AxB2x]O4, Where in parentheses and square brackets cations in A- and B-
positions are shown, respectively. In general case, the inversion parameter x can be smaller than 1
(partially inverted spinel), but as it was shown in Ref. [2] for NiFe,O,4 the degree of inversion is
1.00 and structural formula can be written as Fe[NiFe] Oy.

Inits bulk form, Fe[NiFe]O4 shows ferrimagnetic order below 850 K. Its magnetic structure
consists of two antiferromagnetically coupled sublattices. A first sublattice is formed by
ferromagnetically ordered Fe** (3d°, magnetic moment M = 5 pig) ions occupying the tetragonal A
sites, while the second sublattice contains ferromagnetically ordered Ni?* (3d°, M = 2 pg) and Fe**
(3d°, M = 5 pi) ions occupying the octahedral B sites. This type of ordering results in a saturation
magnetization of 2 yg / f.u. [3].

In the Reactor and Neutron Physics Department (NRC, Cairo) the substituted spinel
compounds are investigated by means of X-ray and Mdssbauer techniques to shed more lights on
crystallographic structure and the microscopic picture of the magnetic ordering in these diluted
ferrimagnets. In particular, the Zn-substituted Cui.xZnyFe,.,Ga,O, compositions were investigated
in details [4] and it was shown that at x > 0.25, tetragonal-to-cubic transformation occurs.

In continuation of these studies we analyze the Nig 7Zno sFe,.,GayO, compounds withy = 1.0
and 0.5. As it was determined from X-ray and magnetic measurements these compositions have
cubic symmetry and the second one (y = 0.5) is ferrimagnetic. The diffraction patterns of samples
S1(y=10) and S-2 (y = 0.5) have been measured with High Resolution Fourier Diffractometer
(HRFD) at the IBR-2 pulsed reactor at room, low (10 K), and high (473 K, S-2 only) temperatures.
The example of raw datais shownin Fig. 1.
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The Rietveld refinement using MRIA package was done in the frame of the Fd3m (Ne227)
space group, the first setting (without center of symmetry). In this group the atomic positions for
AB,0O4 spinel with Z = 4 are: A in (8a), B in (16d), O in (32e) with x = 3/8. The thermal factors
were introduced in isotropic approximation. The next neutron scattering lengths were used in
refinements: bre = 0.954, bz, = 0.568, b = 0.729, by = 1.030, bo = 0.581 in 10™ cm units.
Supposing that Fe is substituted for Zn in the A-site and all Ga atoms are in B-gite it can be
obtained that the coherent scattering lengths for A and B sites are: by = 0.838, bg = 0.868 for S-1
and by = 0.838, bg = 0.924 for S-2 again in 10 cm units.

Refinements (na, Ng, Xo, and Bo) of al measured patterns (an example is presented in Fig. 2)
show that na is systematically smaller than 1 and, contrary, ng is systematically higher than 2. The
only hypothesis, which is compatible with these changes, is interchange of Fe in A-site and Ga in
B-site. Numerical calculations show that in both samples around 50% of Ga atoms are shifted in the
A-site. This result is important for analysis of conduction mechanism and magnetic structure of
these compositions.

The magnetic contribution in the diffraction peaks is not strong but substantial. For instance,
in Fig. 3 the temperature dependence of (331) line for which nuclear structure factor is close to zero
is shown. The refinement of the magnetic structure isin progress now.
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Fig. 3. Diffraction peak (331) of S-2
measured at low, room and high
temperatures. Magnetic contribution
Isabsent at 473 K.
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Water-based magnetic fluids have found application in a variety of fields in biotechnology
and medicine (e.g. cell separations, diagnostic magnetic resonance imaging, hyperthermia, magnetic
drug targeting, etc.) [1]. The coating of the nanoparticles is one of the most important factors
responsible for their compatibility in the organism. The surface of ultrafine magnetic particles can
be covered with molecules with different end groups. For our purpose poly(ethylene glycol) (PEG)
was chosen because it is non-immunogenic, non-toxic, non-antigenic, biocompatible and soluble in
water and organic solvents [2]. Highly insoluble anticancer agents can be attached to PEG, so the
solubility of the modified drug will exceed that of the original drug, increasing possibility of more
effective drug delivery [3]. The aim of our work was to characterize the structure of new type of
biocompatible magnetic fluid prepared by surface modification with oleate and PEG for the
proposed use in medicine.

The co-precipitation method of ferric and ferrous salts in an akali aqueous medium was
used to prepare spherical magnetite particles. After washing the precipitate by magnetic decantation
and heating up to 50°C, the surfactant sodium oleate (C;7H33COONa) was added to the mixture to
prevent agglomeration of the particles. Magnetite particles stabilized by oleate bilayer were
dispersed in water. Agglomerates were removed by centrifugation (9000 RPM for 30 minutes).
Finally, PEG was used to improve biocompatibility of the prepared magnetic fluid. PEG with a
molecular weight 1 kDa, dissolved in water, was added to magnetic fluid at 50°C at a given weight
ratio PEG/Fe;0O4. The most important ratio was 0.25 (fina sample MFPEG). A magnetic fluid —
magnetite particles coated with sodium oleate and PEG — was formed in this way. The PEG
adsorbtion on the magnetite surface was revealed by means of attenuated total reflectance - Fourier
transform infrared (ATR-FTIR) spectroscopy, as well as by differential scanning calorimetry
(DSC).

The samples were studied by small-angle neutron scattering (SANS) with the contrast
variation at the SANS-1 instrument, HZG, Germany. The curves were obtained in a standard way in
ag-range of 0.04-2 nm™. The influence of PEG was studied in view of structuralization of magnetic
particles by SANS with the contrast variation based on hydrogen-deuterium substitution in the
carrier. The new approach of the modified basic functions [4], recently applied for different classes
of magnetic fluids [5-9], was used with the main accent to reveal the structural information about
various aggregates in the system. The initial samples were dissolved with the ratio 1:3 by different
mixtures of light/heavy water, thus varying the D,O content over the interval of 0-70 % in the final
fluid. The addition of PEG to an oleate-stabilized MF may cause considerable structural changes.
Large (D > 100 nm) fractal-like aggregates of individual (non-aggregated) magnetic particles with
the magnetite core size of 8 nm were observed at high PEG/magnetite ratio (ca. 2.5 by mass) as
opposed to compact (D <40 nm) aggregates present without added PEG [9]. At smaler
PEG/magnetite ratio of 0.25 the initial aggregates changed less significantly (Fig.1), which is an
indication of only partial substitution of sodium oleate with PEG on free magnetite surface. The
MFPEG of the considered PEG/Fe;O, ratio was interesting because of its application in the
preparation of magnetic nanospheres, which carried the anticancer drug Taxol [10]. The changesin



the scattering curves (Fig.1) were analyzed in terms of the modified basic functions I_(q), I.(q),
[.(9) [4]. The model expression:

(@) = T5(q) + ApT (@) + (A0)*1(a) )
was fitted simultaneously to all curves at different modified contrast defined as
AB=P.—ps, )
where P, = <pV?>/<V*> is the averaged scattering length density (SLD), p, over all particles (with

volume V) in the system, and ps is SLD of the solvent. First, o, (also called the effective match
point) was found from the minimum of the forward scattering intensity (obtained by the Indirect
Fourier Transform (IFT)) as afunction of the D,O content in the carrier. We were mostly interested
in 1_(g) (shown in inset to Fig. 6), which is the averaged shape scattering function taking into
account the type and size polydispersity. Two regions with the features of the Guinier law can be
seen in 1,(q) and are related to compact aggregates (small g-values) and micelles of free sodium

oleate (large g-values). As followed from IFT, in the spherical approximation the mean size of the
aggregates was 33.0 £ 0.5 nm, while the maximal size exceeded 40 nm. Since SLDs of PEG and
sodium oleate are close to that of light water, at 0% of D,O the scattering came mainly from

magnetite. From the comparison of this scattering with 1.(q) by the IFT treatment the differencein

the maximal sizes was detected. It corresponded to the thickness of the stabilizing shell, which was
estimated to be 2.0 + 0.1 nm. The analysis of the second specific g-region gave the size of about 4
nm and concentration of above 1 vol. % for micelles of sodium ol eate.

100 EEZEDDDDD s 0.0
g, S0l .
.. ﬂ““ﬂ%"%,f%n% s 02 Fig 1. SANS Contrast variation of MFPEG. 1(q)
10 mﬁ%gj e, i 82 at D,O contents (volume fractions in solvent)
© 0ot taeae < o5  from 0 to 0.7 (37°C). Inset shows the averaged

‘ 8-5 shape scattering function with indicated
! scattering levels.

compact
aggregates

Ie,x 107, cm®

0.01 sodium oleate
1E3 micelles

1E-3 +————r ————r

References

[1] L. Zhang, R. He, H.-Ch. Gu, Appl. Surf. Sci. 253 (2006) 2611.

[2] S. Zalipsky, C. Gilon, A. Zilkha, Eur. Polym. J. 19, 12 (1983) 1177.

[3] R.B. Greenwald, J. Controlled Release 74 (2001) 159.

[4] M.V. Avdeev, J. Appl. Cryst. 40 (2007) 56.

[5] A.V. Feoktystov, M.V. Avdeev, V.L. Aksenov, et a., Solid State Phenom. 152-153 (2009) 186.

[6] A.V. Feoktystov, M.V. Avdeev, V.L. Aksenov, et a. J. Surface Investig. X-ray Synchr. Neutron Tech.
3(1) (2009) 1.

[7] M.V. Avdeev, E. Dubois, G. Mériguet, et a., J. Appl. Cryst. 42 (2009) 10009.

[8] M.V. Avdeev, B. Mucha, K. Lamszus, et al., Langmuir 26 (2010) 8503.

[9] M.V.Avdeev, A.V. Feoktystov, P. Kopcansky, et a., J. Appl. Cryst. 43 (2010) 959.

[10] V. Zavisova, M. Konerackd, M. Muckova, et al., J. Magn. Magn. Mater. 321 (2009) 1613.



MAGNETIC FIELD AND PARTICLE CONCENTRATION
COMPETITIVE EFFECTSON FERROFLUID BASED SILICONE
ELASTOMER MICROSTRUCTURE

M. Balasoiu®®, |. Bica®, V.T. Lebedev®, A.l. Kuklin?, Yu.L. Raikher®

®Joint I nstitute of Nuclear Research, Dubna, Russia
P\West University of Timisoara, Department of Electricity and Magnetism, Timisoara, Romania
“Petersburg Nuclear Physics I nstitute, Gatchina, Russia
9 nstitute of Continuum Media Mechanics, Ural Branch of RAS, Perm, Russia
®National I nstitute of Physics and Nuclear Engineering, Bucharest, Romania

The study of the properties of filled elastomersis a challenging and exciting topic for both
fundamental science and industrial application. It is know that the addition of hard particulates
to a soft elastomer matrix results in properties that do not follow a straightforward rule of
mixtures. The progress of structure-properties relationships research for such systems evolves
into several directions: filler type and structure, magneto(electro) - hydrodynamic reinforcement
and interactions between fillers and elastomers. Development of novel technologies of magnetic
nanomaterials shows the trends of the creation of composites with anisotropic molecular and
magnetic structures such as elastomers filled with tiny ferroparticles. The combination of
polymers with magnetic materials displays new and often enhanced properties. The magnetic
particles couple the shape of the elastomer to the externa magnetic field. Combination of the
magnetic and the elastic properties leads to a number of striking phenomenathat are exhibited in
response to impressed magnetic field [1]. The synthesis and the study of structure and physical
properties of these advanced materials combining the functional properties of elastic polymers
and ferromagnetic substances should be considered as a perspective way to provide the
understanding of construction principles of a wide class of materials for electronics, electrical
engineering, medicine, aero- and cosmic industries. Also from the fundamental point of view it is
needed a comprehensive analysis of the relationship between macromolecular and disperse phase
structures and their ordering under the action of magnetic field and by the variation of magnetic
component content. Neutron and X-ray scattering techniques are highly useful for determining
the morphology of the formed filler structures [2-4].

The aim of present work is the small-angle neutron scattering examination of subtle
structural features of polymeric matrix and ensemble of embedded ferroparticles as resulted from
the conditions of preparation of ferroelastomers by the variation of concentration of
ferroparticles and strength of the external applied magnetic field during the polymerization.

Ferroelastomers were prepared using the radical polymerization of dimetylsiloxane with
addition of ferrofluid based on magnetite. In the samples the concentration of magnetic
component (ferrofluid) was varied: 1.27; 3.9; 5.88 % mass. The magnetic field (B = 0; 280; 560;
1120 Gauss) was applied perpendicular to the plane of polymeric film (thickness of ~ 0.5 mm)
(Table 1). It was prepared also the polymeric matrix without ferroparticles (reference sample).

The small-angle neutron scattering experiments (SANS) have been carried out at ambient
temperature (20°C) on the diffractometer “Membrane” (PNPI) in the range of momentum
transfer q = (4n/A)sin(6/2) = 0.03-0.8 nm™, where 6 is scattering angle and A = 0.3 nm is neutron
wavelength (AMA = 0.25).

The scattering patterns for the elastomers containing 5.88; 3.9 and 1.27 % mass of
magnetite are presented in Figure 1(a-c) where the data for the matrix are shown also. It is
evident (Figure 1) that the scattering from original polymeric matrix is relatively strong at q <
0.2 nm™. The addition of ferroparticles into matrix does not provide any substantial contribution
to the total scattering intensity at low momenta even at high concentration of magnetite (5.88 %
mass.). The scattering from ferroparticles dominates only at larger momenta, g > 0.4 nm'™ due to
their small size as compared to inhomogeneities in polymer matrix. It should be noted that the



application of magnetic field (B = 1120 Gs, sample Pis) during the polymerization did not
initiate any dramatic structural changes. It is observed a moderate increase in scattering: the ratio
of intensities for samples P;s (strong field) and P12 (no field) does not exceed factor 2 in the
interval of q = 0.4-0.8 nm™>. This means that the polymer network prevents the aggregation of
ferroparticles and provides their more homogeneous spatial distribution to be achieved for
required material quality. Large-scale inhomogeneities in polymer matrix are visible despite of
low scattering ability of polymer having the density of coherent length Ks= 6.3-10° cm™. It is
by 2 orders in magnitude lower than that for magnetite having Ky = 6.971:10° cm™. Thus, the
contrast factor for magnetite regarding to matrix is also high, AKy = Ky - Ks = 6.91.10" em?,
but it is compensated by small characteristic volume of a particle as compared to large
inhomogeneitiesin matrix, asit is seen in Figure 1b and Figure 1c.

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

() = 1oy &XP[—(aRy)? / 3]+ 1 ol1+ (AR, ] @

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 Re.

For ferroelastomers we have used the model (2) taking into account the scattering from large-
scale polymer domains (gyration radius Rg) and ferroparticles (correlation radius rc) separated in
space at the distance L comparable to small polymer domain diameter ~ 2Rc:

1(q) = 1 o1 &Xp[—(ARy)? /3] + I go[1+ (GR;) *] [1+ nsin(qL) /(qL)] 2

In expression (2) the parameters Iy, 152 represent the contributions of large polymer domains and
ferroparticles in scattered intensity at @ —0. The value of n is the average number of particles
correlated with a given particle at the characteristic distance L. The function (2) describes
satisfactory the behaviors of scattering intensities for ferroelastomers at all the concentrations

and the magnitudes of induction B.
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Figure 1. Scattering intensities 1(q) vs momentum transfer g for matrix P; (1) and ferroelastomers Py>-Pis
(2-5) with high content of magnetite (a); ferroelastomers P,;-Pxs (2-5) with moderate content of
magnetite (b); ferroelastomers Pa,, Ps3, Pss (2-4) with low content of magnetite (¢) (synthesis in magnetic
field perpendicular to the plane of polymer film). Lines are the approximation functions (1) and (2) for
matrix and ferroelastomers.
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LiFePO, (LFP) is one of the most promising cathode materials for the next generation of
lithium-ion battery because its appealing electrochemical features including excellent
chemical/thermal stability, low material cost, non-toxicity, and a high theoretical capacity.
However, the poor ionic as well as electrical conductivity and the incompl ete utilization of capacity
are fatal defects significantly hinders its applications. In studies performed by Liu et al. [1] it was
found that the doping of a heteroatom (Ti, Zr, V, Nb, and W) could promotes the performance of
LiFePO, at high current due to the enlarged lattice volume that provides more space for lithium-ion
transfer. Meanwhile, Jint et al. [2] found that introduction of a small amount of vanadium into the
carbon-coated LFP particles would significantly improves the rate capability and low-temperature
performance due to the formation of conductive V,0O3; nano-grains. Thus, to probe the crystal
evolutions of materials upon varying charge and discharge conditions is of essential importance in
terms of depicting the effects of VO on Li tragjectoriesin LFP.

By applying high resolution neutron diffraction, we anticipate depicting the structure
evolution of x-VO doped LFP samples as a function of temperature. As the first step, two samples
of VO doped LFP with x = 0 and 0.0075 have been measured with HRFD instrument at the IBR-2
pulsed reactor at room and low temperature. The last measurement has been performed to elucidate
the magnetic structure of the compound, which is known as antiferromagnetic below Ty = 52 K [3].
Neutron diffraction patterns have been measured by several detectors. high-resolution back-
scattering (up to 3.7 A), low-resolution (up to 4.5 A), and PSD at 20 = 15° (up to 16 A). Example of
the high-resolution patternsis shown in Fig. 1.
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The Rietveld refinement using MRIA package [4] was performed in Pnma (Ne62) space
group with the model from Ref. [3]. In this group the atomic positions for perovskite structure with
Z =4 are: Liin (4a) (0,0,0), Fe, P, O1, and O2 in (4c) (x,1/4,2z), O3 in (8d) (x,y,z). The thermal
factors were introduced in isotropic approximation. The following values of neutron scattering

lengths were used in refinements: byi = -0.222, bre = 0.954, bp = 0.513, bo = 0.581 in 10°** cm units.
Examples of refinement are presented in Fig. 2.
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Fig 2. Rietveld refinement of the diffraction pattern (x = 0.75%), measured with high-resolution at
room temperature (on the left) and low-resolution at low temperature (on the right). At this stage of
refinement no magnetic phase has been introduced. There are some irregularities in the background,
which reflect structural disorder at local level.

The refined atomic coordinates are in very good agreement with G. Rousse et al. [3] data.
Moreover, the atomic coordinates are practically the same for both samples and both temperatures —
the maximal changes in atomic bonds is around 0.03 A. It means that there is no noticeable
structural transformation during temperature lowering and owing to introducing of VO. The only
marked difference between two samples is in level of microstrains in crystallites: they are at the
conventional level for the x = 0 sample and are 1.5 higher for the x = 0.75% sample. For further
analysis it would be useful to measure diffraction peaks width dependences for severa VO
contents.

No additional reflexions appear at temperature lowering, though intensities of several peaks
increase markedly, namely, of (101), (210), and (301) peaks, which indicates that the magnetic
structure corresponds to the propagation vector k = 0. The refinement in the frame of model from
Ref. [3] shows good agreement between experimental and calculated magnetic intensities.
Temperature scan has been performed and the Neel temperature has been obtained as Ty = 50 K
from ratio (101) and (211) intensities (Fig. 3).
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i and “non-magnetic” (211) peaks (x = 0 sample)
as a function of temperature. The Neel
8 temperature is close to 50 K.
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The LaFeysM 01303 (LFM) perovskite like compound has been synthesized for the first time
and characterized in 1996 [1]. X-ray data shows that it is crystallized in the Pnma space group
(GdFeO; structural type) without any order in the B-sites. The compound is antiferromagnetic
below Ty = 520 K, but exact type of magnetic structure was unknown so far. Its electrical
conductivity is high enough (1.5 Q*cm at 25°C) for considering LFMO as potential electrode
material for SOFC.

Under La — Sr substitution the unit cell parameters are changed as typical for solid
solutions. According to X-ray diffraction results the atomic structure of Lay.xSrxFe;sMo01303 is
stable up to x = 0.67. No additional diffraction lines appear which can be attributed to Fe/Mo
ordering. Structure refinement is hampered due to “pseudocubic” lattice symmetry: resolution of
conventional X-ray laboratory equipment is not enough to see clearly orthorhombic splitting. The
Neel temperature depends on Sr content and reaches ~700 K for x = 0.5.

To refine atomic and magnetic structures of Sr-substituted LFM neutron diffraction patterns
for x = 0.3 (at 20°C u 350°C) and 0.5 (at 20°C and 450°C) samples have been measured at HRFD
diffractometer at the IBR-2 reactor in Dubna. Several detectors were used for data acquisition: high-
resol ution back-scattering (up to 3.7 A), low-resolution (up to 4.5 A), and PSD at 26 = 30° (up to 16
A). Example of the high-resolution patternsis shown in Fig. 1.
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T=293K Fig 1. Diffraction pattern of the x = 0.3 and 0.5
samples measured with HRFD a room
temperature.
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At high temperature intensity of some diffraction lines strongly reduces, as it is seen in Fig.
2, which is connected with vanishing of AFM order. For both samples all peaks can be indexed with
Pnma space group in the standard setting: a ~ ¢ ~ V2a., b ~ 2a., where a; ~ 3.9 A is the parameter
for the ideal cubic perovskite.

The Rietveld refinement using MRIA package [2] was performed in Pnma (Ne62) space
group. In this group the atomic positions for perovskite structure with Z = 4 are: (La/Sr) (4c)
(x,1/4,2), (Fe/Mo) (4b) (0,0,1/2), O1 (4c) (x,1/4,z), and O2 (8d) (X,y,z). The thermal factors were
introduced in isotropic approximation. The following values of neutron scattering lengths were used
in refinements: b, = 0.824, bs = 0.702, bre = 0.954, by, = 0.672, bo = 0.581 in 102 cm units.
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Refinements of structural parameters of both samples (an example is presented in Fig. 3)
show that LSFM has typical orthorhombically distorted perovskite structure. The special features
are slightly modulated incoherent background, which can be connected with correlative disorder,
and quite large width of diffraction peaks. Supposing that the second effect is connected with
microstresses in crystalline grains they can be estimated as Aa/a ~ 0.004 at room and 0.008 at high
temperatures. For conventional orthorhombic perovskites Aa/a is of order 0.002, which means that
for LSFM the microstresses are approximately 2 times larger and become twice more at high
temperature.

The magnetic structure was solved as G-type, according to the classification of Ref. [3], with
k = 0: magnetic moments of neighboring Fe atoms have opposite directions. For such model the
first diffraction peaks with strong magnetic contribution are (011) (4.56 A), [(112), (211), (031), (=
2.38 A), [(013), (132), (231), (=~ 1.81 A). Intensity of just these peaks strongly reduced at high
temperature. Because of strong diffraction peaks overlapping the direction of magnetic moment can
not be reliably determined. The refinement of the magnetic moment value will be performed later.

e La, 8, ;Fe,nMe, 50,

T=H0E Fig. 3. Rietveld refinement of the
diffraction pattern (x = 0.5), measured
at room temperature. At this stage of
refinement no magnetic phase has
been introduced.
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The perovskite ferroelectric materials have been extensively studied during last years
due to fundamental interest and technological applications [1]. In this class of materials,
lead-free akaline niobates. KNbOs;, LiNbO3; and NaNbO; have high piezoresponse
comparable to classical PZT ceramics. One of the members, NaNbO; is a well-documented
antiferroelectric  which finds applications in high density optical storage, enhancing non-linear
optical properties, as hologram recording materials, etc [1, 2].

At ambient conditions the sodium niobate is antiferroelectric. At low temperature a
ferroelectric phase with rhombohedral symmetry occurs below 190 K [3] in NaNbOs;. The
phase transition from antiferroelectric to ferroelectric is associated with a small tilt of the NbOg
octahedron [4]. The structure futures of antiferroelectic and ferroelectric phases and primary
mechanisms of such phase transition remain unexplored. The knowledge of relationship between
ferroelectric or antiferroelectric states and crystal structure features, which can be derived
from high pressure investigations, is very essentia for understanding the nature of physica
phenomena observed in sodium niobate.

We have studied the structure changes in NaNbOs; by means of energy-dispersive X-ray
diffraction at high pressure up to 4.0 GPa. The X-ray diffraction experiments were carried out
using the multianvil X-ray system MAX80 at F2.1 beamline of storage ring DORIS-II1. The sample
was placed in the cylindrical boron nitride container with an internal diameter of 1 mm. The upper
half was filled with the sample, the lower half contained sodium chloride powder for pressure
calibration. The cubic boron-epoxy chamber with sample container was compressed by six tungsten
carbide anvilsin alarge hydraulic press. The temperature at the sample was produced by an internal
graphite heater and controlled by thermocouples. Diffraction patterns were recorded in an energy
dispersive mode using white synchrotron X-rays from the storage ring DORIS-111. The incident X-
ray beam was collimated to 100 x 100 um with a divergence smaller than 0.3 mrad. Spectra were
recorded by a Ge solid-state detector with aresolution of 153 eV at 5.9 keV resulting in aresolution
of diffraction patterns of Ad/d =~ 1%. The Bragg angle 26 was fixed at 9.093°, counting times for
each diffraction pattern were about 4 min.

At pressure P=1.6 GPa the significant changes in pressure dependences of diffraction peaks
position and its width were observed. Those changes are corresponding to the phase transition from
antiferroelectric to ferroelectric phase in sodium niobate. The pressure dependence of the lattice
parameters and unit cell volume of both phases are shown in Fig. 1.
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Figure 1. The pressure dependencies of unit cell parameters and volume of the
rhombohedral ferroelectric FE (ay and cy) and orthorhombic antiferroelectric AFE (ap, bp and cp)
phases of sodium niobate.

The linear compressibility ki = — (1/ai0) (dai/dP)r (a = a, b, c) of unit cell parameters are k, =
0.0050(6), ky, = 0.0071(7), k. = 0.0054 (5) GPa * for the orthorhombic antiferroelectric phase and ka
= 0.0032(8), k. = 0.0042(5) GPa* for the rhombohedral ferroelectric phase.

The pressure dependence of unit cell volume was approximated by the Birch-Murnaghan
equation of state [6]. The calculated values are By = 37(3) GPaand B’ = 4(1) for the antiferroelectic
phase and By = 45(3) GPa, B’ = 4(1) for the ferroelectric phase of sodium niobate.
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At the present time one of the topical problems in optics is a search for phosphors,
which under excitation with light could efficiently radiate energy in a given spectrum range
with minimal losses [1]. The promising materials are crystalline systems based on yttrium
aluminum garnet Y3AlsO1, (YAG). For example, neodymium-doped YAG:Nd** is a well-known
laser material, but cerium-doped yttrium garnet YsAls01:Ce* is used in several applications
such as solid-state lighting, displays, scintillators [2]. The Ce** ion is responsible for
nanosecond decay time and an intense yellow-green emission wavelength. So it are suitable
yellow-emitting phosphors for the applicationto white light-emission diodes - LEDs [3].

The physical and optical properties of Y3Als012:Ce® depend on crystal structure features.
YAG:Ce™ has the cubic garnet crystal structure with a lattice parameter a=12.011(3) A. In garnet
structure, there are 24 dodecahedra sites, 16 octahedral sites, and 24 tetrahedral sites.
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Figure 1. a) The total luminescent intensity as function of lattice parameter of phosphors
YAG: Ce**/Lu,0s, obtained colloid-chemical and conventional methods. The red symbols are
corresponded by initial sample and blue ones with annealed samples. b) The total luminescent
intensity as function of Al-O bonds in tetragonal and octahedral oxygen environment.



The optical properties of such phosphors are strongly depends of crystal parameters as bond
lengths and valence angles due metastable defect structure forming. The chemical-colloid methods
of oxide system synthesis [4] to allow tuning of such defect structure and vacancies concentration
and, as result, theoptical properties of garnet-based phosphors.

Our optical measurements of Y 3AlsO1:Ce* have been shown, that way of Ce® doping
via additional insertion of Lu,O3; oxide, can be drastically improve light emission intensity of
those phosphors. For structural aspects of this effect studies the neutron diffraction experiments
have been prepared.

Neutron diffraction measurements at ambient conditions were performed with the DISK
diffractometer at the IR-8 reactor, Moscow, Russia. The sample with a volume about 25 mm® was
placed in vanadium container. The typical exposition time for each pressure point was to 20 h.

The lattice parameters and bond lengths have been calculated from obtained neutron data. It
was found that yttrium aluminum garnets, obtained by colloid-chemical methods are characterized
by greater lattice parameter (Fig. 1a) and longer length of AI-O bond in octahedral oxygen
coordination (Fig. 1b). As result, the total luminescent intensity of those compounds is drastically
higher than for compound obtained by conventional chemical method (Fig.1a). So difference in
lattice parameters and bond lengths is result of forming stable defect substructure in oxygen lattice
[4]. It was found such defect substructure formed in octahedral coordination environment of
aluminum (Fig. 1b). The defect substructure in oxygen lattice have been broken by additional
annealing of compounds, and as result the enhanced luminescence intensity was suppressed to
intensity level observed for yttrium aluminum garnets, obtained by conventional methods (Fig. 1a).
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Neutron planar waveguide transforms the conventional neutron beam into a very narrow
(about 0.1 um width) and slightly divergent (about 0.1°) microbeam. Such narrow beam can be used
for investigation of nanostructures with submicron space resolution. In [1] non-polarized
microbeam was demonstrated experimentally. In our experiment [2] magnetic waveguides were
investigated and polarized neutron microbeam was demonstrated.

Neutron wave function is resonantly enhanced inside a guiding layer (channel) and neutron
channeling phenomenon takes place. A decay length of a neutron wave in the channel aong the
interfaces is an important parameter of waveguides. The theory of neutron channeling in planar
waveguides can be found in [3]. Experimentally neutron channeling phenomenon was observed in
[4-7]. But the channeling length was not measured experimentally. We report experimental results
on direct measurement of the neutron channeling length in planar waveguide.

The measurements were done at the polarized neutron reflectometer N-ReX™ (reactor
FRM [1, Garching, Germany). The fixed neutron wavelength 0.426 nm (1 % FWHM) was used. The
angular divergence of the primary beam was 0.006°. The sample Fe(20 nm)/Cu(140
nm)/Fe(50nm)//glass (substrate) was  investigated [3]. The sample sizes were
30x30x5(substrate) mm®. The polarized neutron beam (+) was used. The scheme of experiment is
shown in Fig. 1. The incidence angle of the primary beam is «;. The primary beam tunnels through
the upper layer with the thickness a into the guiding layer with the thickness d. Then neutrons
channel at the resonance condition in the guiding layer and the neutron microbeam leaves the edge
under Fraunhofer diffraction conditions. We measure the intensity of the outgoing microbeam
I (X) =1(0)-exp(—x/x,) asafunction of the length x of the absorbing Gd,Oz; powder on the sample

surface. Here 1(0) is the measured intensity of the microbeam without the Gd,O3 powder (x =0)
and x, isthe channeling length to be defined.

In Fig. 2a the integrated (over the incidence angle interval at resonance n=0 and the
diffraction angle interval Aa;=+0.1°) intensity of the microbeam is shown. Fit by exponential
function gives the channeling length xe=3.2+ 0.5 mm. In Fig. 2b this dependence is shown in
natural logarithm scale. One can see that the experimental points are described by the straight line
within statistical errors which gives the error of the defined channeling length. From the theory, the
channeling length increases with an increasing of the thickness a of an upper layer and the thickness
d of a guiding layer. The channeling length also depends on optical potentials of the layers of
waveguides. The channeling length calculated from the theory for the incident angle of the
resonance ¢;o=0.37° is equal to xe = 3.5 mm. Thus, the experimental value of the channeling length
coincides with the calculated value within error bar.

The support of the management and staff at the FRM II, Garching, is gratefully
acknowledged. This work was supported by a Focused Neutron Research Funding of the Max
Planck Society, Munich. The authors are grateful to J. Franke for the technical help during the
experiments.



[1] F. Pfeiffer, V. Leiner, P. Haghgj, and |. Anderson, Phys. Rev. Lett. 88 (2002) 055507.

[2] S.V. Kozhevnikov, A. Ruhm, F. Ott, N. K. Pleshanov, J. Mgjor, Physica B 406 (2011) 2463.

[3] V.K. Ignatovich, F. Radu, Phys. Rev. B 64 (2001) 205408.

[4] Y.P. Feng, C.F. Makrzak, SK. Sinha, D.G. Wiedler, H. Zhang and H.W. Deckman, Phys. Rev. B 49
(1994) 10814.

[5] S.P. Pogossian, A. Menelle, H. Le Gall, J.M. Desvignes, and M. Artinian, Pys. Rev. B 53 (1996) 14359.

[6] A. Menelle, S.P. Pogossian, H. Le Gall, J. M. Desvignes, J. Ben Y oussef, Physica B 234-236 (1997)510.

[7] V.L. Aksenov, Yu.V. Nikitenko, Physica B 297 (2001) 101.

I1(x)/1(0) I(x), n/s
12 -
primary beam 10 4\ (a)
X adi Ho8
0.8
>, = N
d \ dar 1 (X 04k \’\ 104
0.2 I \?\
L [(X)=1(0)* exp(-X/xe) 0.0 : : : —0.0
b
1.00 (0] 100
Fig. 1. Geometry of the experiment.
0.37 —-0.37
014 —0.14
- fit
0.05 . . — =005

0 2 4 6 8
X, mm

Fig. 2. Integrated microbeam intensity at the resonance
angle 00=0.37° as afunction of the Gd,O3 powder length.



RIETVELD TEXTURE ANALYSISOF SKAT DIFFRACTOMETER DATA:
RECENT ADVANCESAND PERSPECTIVES

S. Matthies?, R.N. Vasin®

% Frank Laboratory of Neutron Physics, Joint I nstitute for Nuclear Research, 141980,
Dubna, Moscow Region, Russia

The texture specialized diffractometer SKAT [1] is located on the beamline 7a of the pulsed
fast reactor IBR-2. The rather long (= 103.8 m) flight path of the thermal neutrons and the chosen
scattering angle of 20 = 90° permit to investigate lattice spacing in the range of d = 0.6...4.7 A, with
aresolution of Ad/d = 0.55%. That is sufficient to study the lattice preferred orientations (LPO) of
most rocks and engineering materials. Commonly a finite (usually < 6 for each phase) number of
complete experimental pole figures (PF) is used to determine the orientation distribution function
(ODF) of the crystallites of the main phases in a sample. The construction of the experimental PFs
with a 5°%5° angular grid (19 detectors and 72 sample positions lead to 1368 spectra) requires the
manual selection of intensive non-overlapped diffraction peaks from the TOF diffraction patterns.

This approach has some drawbacks. E.g., in the case of rocks containing several minerals with
a low crystal symmetry (such as biotite, albite, orthoclase, etc.), the selection of non-overlapped
peaks is often possible (if possible at all) only at high d ranges (e.g., d > 3.5 A), where the counting
rates in the SKAT spectra are quite poor. In this case only a small part of the available rich
diffraction information in the measured spectra is used. The “Rietveld texture analysis’ [2, 3]
developed in the last decade permits to analyze many diffraction patterns (even highly peak
overlapping regions) as a whole, and, beyond the ODF determination, also to receive some
additional information about the sample: phase volume fractions, cell parameters, residual stresses,
etc.). The freeware program system MAUD [2-4], utilizing the modified Rietveld method, also
possesses a number of options for the determination of the ODFs for multiphase samples from TOF
diffraction spectra. Therefore a possibility existed to apply MAUD to the typical set of SKAT
spectra. In order to adapt the SKAT data for a MAUD analysis a user-friendly C++-based program
SKAT2MAUD has been developed and thoroughly tested during the last year. In future the
program may easily be adjusted for the processing of data from other IBR-2 diffractometers like
FSD, EPSILON-MDS or new SKAT version with several detector rings. Using MAUD the analysis
of conventional SKAT spectra from manifold samples of different type (powders, single-phase
polycrystals with LPO, single-phase polycrystals with LPO and residual stresses, multi-phase
polycrystals with LPO of each phase) has been performed and showed excellent results.

As an example below some results are presented concerning the texture analysis of biotite in
the gneiss samples OKU818 (composed by 39.9 vol.% quartz, 37.4 vol.% andesine plagioclase and
22.6 vol.% biotite) from the Outokumpu scientific drill borehole. Samples of roughly cubic shape
cut from the same block have been investigated on the SKAT and HIPPO (Los-Alamos) [5]
diffractometers. The data have been processed by MAUD in case of HIPPO (the long been
developed routine analysis procedures are described in [3, 5]) and in case of SKAT by two
methods. using MAUD and the up to now applied conventional method (analyzing pole figures)
described in [6]. In order to compare the derived ODFs with account for the real angular resolution
of the diffractometers in the pole figure space the origina HIPPO ODF has been smoothed by a
Gaussian function in the orientation space with a FWHM = 20° (the HIPPO PF resolution depends
on the scattering angles of the detector rings and rises from 10 up to 19° [5]). The original SKAT
ODFs have been filtered (with preserving texture sharpness) by a Gaussian function with the
FWHM = 7.5° (the mean angular size of the SKAT detectors in the pole figure space of about 3° is
much lower than for HIPPO, but the 5°x5° measuring grid of SKAT reduces its avail able resolution
to effectively 7.5°). The results presented in Table 1 show that the Rietveld texture analysis applied
to both diffractometers yields nearly the same results, while the conventional pole figure analysis of
the SKAT data (using only some isolated peaks in the TOF spectra) clearly underestimates the



sharpness of the biotite texture. The difference of the fn values (isotropic texture background
“phon”) for the final HIPPO and SKAT MAUD ODFs is most probably connected with the lower
SKAT counting statistics and the corresponding difficulties to correctly estimate and to subtract the
background from TOF spectra. Thus, even though the SKAT diffractometer is able to investigate
larger samples (in order to achieve a representative grain statistics) and possesses a relatively high
angular resolution (necessary to correctly detect sharp orientation distributions), in practice the
better counting statistics of the HIPPO diffractometer at LANSCE is very vauable for most
guantitative texture studies and allows to perform the measurements in a reasonable time (e.g., the
OK U818 measurements have been performed in 8 hours on HIPPO vs. 36 hours on SKAT). This
drawback should be overcome with the improved SKAT diifractometer that expected to have a
several times higher flux at the sample due to the new neutron guide.

Table 1. Characterization of the biotite ODF in the OKU818 gneiss sample: minimum ODF value
fmin, Maximum ODF value fnax, texture index F2, part of non-randomly oriented crystallites SH>1
and the part of orientation space volume occupied by these crystallites CPGs>1.

Instrument (processing) | fmin f max F, SH>1, % CPGs>1, %
HIPPO (MAUD) 0.03 26.45 6.2 58.5 17
SKAT (MAUD) 0.08 26.88 6.1 53.8 17
SKAT (conventional PF) | 0.01 21.05 35 44.4 24

Another advantage of the anaysis of the SKAT data using MAUD opens additional
possibilities for the optimization of future experiments. Due to the use of a great number of
diffraction peaks (now including overlapped ones too) the forma number of considered
experimental PFs is great. Consequently, only a limited coverage of the experimental PF will be
sufficient for the ODF reconstruction preserving the same angular resolution. This infers that it is
e.g. possible to perform measurements with less sample orientations than before, drastically
reducing the total measurement time for a given sample (for up to 12 times!, cf. Fig.1) and/or
simultaneously to increase the counting statistics for each sample position (e.g., measuring only 1/6
of the complete pole figure coverage, but measuring each position for 1.5 hours instead of 0.5
hours).
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Fig.1. Pole figures of the quartz in the quartzite sample 26a. Equal area projections, linear scale
contours. Conventional PF analysis of al data (texture index F2=2.35) (A), corresponding PF
coverage and measurement time (B); analysis of 1/12 part of data with MAUD (texture index
F2=2.24) (C), corresponding PF coverage and estimated measurement time (D).
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The new spin-echo method based on the use of rotating magnetic field was proposed recently [1].
After this there were carried out number of experiments in order to test the idea and estimate the
perspectives. In the experiment described here we constructed the prototype of one spin echo arm
which consist of two spin flippers with rotated magnetic field (RMF). Magnetic fields in spin-
flippers are confined in flipper plane and are rotated in the plane normal the propagation direction,
yz, of the neutron beam polarized along the vertical z-axis (see fig. 1,2). All three components of
polarization vector passed through the set up were measured in dependent on the applied current
frequency. Experiment was carried out on TREF spectrometer (JCNS) at FRM |1 reactor.

Spin turner 1 Spin uoner 2

Fig.1 Onearm of NSE set-up composed by two spin turners.

B,= Cos(wt)

B,= Sinfat)

kb b b % L L L L

Fig. 2 The spin turners as rectangular electromagnetic coils with two windings perpendicul ar to
each other. Each windings feed by the sinusoidal current with phase shifting of ©/2 between them.

To analyse the behaviour of the neutron spin in such a flipper we calculate the magnetic
fields distribution inside and outside of the flipper with use of the MagNet [2] software. Based on
the calculated magnetic fields we compare the experimental data on the neutron spin passage
through the flippers with simulation of this process in the VITESS [3] package. For this purpose it
was updated the VITESS modules using magnetic field. In the new version the magnetic field can
be loaded from the external source. Thisis a great advantage because in previous version magnetic
fields configuration can be defined by limited number of parameters and functions. Using of the
new option allows taking into account the influence of such factors as border effects, effects of non-



full field shielding and so on. At Fig.3 one can see the experimental dependence of Pz polarization
component measured at the exit from the set-up shown at Fig.1 and it's VITESS simulations.
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Fig.3 Frequency dependence of the z-component of the polarization in compare with VITESS simulation.
Salid line on the left picture is simulation with magnetic fields generated in VITESS. Solid line on the right
picture is simulation with magnetic fields generated by MagNet.

Thus the cooperative of two software packages gives new possibilities in description of experimental
data with passage of neutron polarization through the time-dependent magnetic field configuration. It allows

improving the construction of NSE elements and it efficiency.
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The epithelium covering the oral cavity (oral stratum corneum, OSC) provides a protective
barrier for underlying tissue, but it is not so distinct like the epidermal stratum corneum (ESC). The
OSC lipid matrix consists mainly of the phospholipids (PL), cholesterol (Ch), fatty acids (FA),
cholesterol sulphate (ChS), triglycerides and short-chain ceramides (CERs). Although the lipid
composition of the OSC is well defined the physical studies of the nanostructure of rare OSC-lipid
bilayers are lacking [1] and their role in formation of the barrier function is still unclear. Neutron
and X-ray diffraction experiments have been performed to characterize the structure of model OSC
lipid mixtures.

The modéd lipid mixtures CER6/Chol/FA/ChS/PL = 28/23/15/8/26 (w/w) with individual
fatty acids (FA) have been studied. To prepare the samples the SMyovinebrsine DPPC, DPPE
(PL=SM/DPPC/DPPE=1/2/1 m/m), CERG6, Ch, ChS, palmitic acid (PA, C16:0), stearic acid (SA,
C18:0), arachidic acid (AA, C20:0), behenic acid (BE, C22:0), and lignoceric acid (LA, C24:0) and
their mixture FFA =SA/AA/BA/LA = 29/21/15/8/26 (w/w) have been used. Neutron diffraction
experiment on the oriented samples has been carried out on the V1 membrane diffractometer,
located at cold-neutron source of the BER-II research reactor (BENSC, HZB), with a neutron
wavelength of 523 A and a sample-to-detector distance of 102.52 cm. Small-angle-X-ray
diffraction patterns from multilamellar vesicles (MLVs) have been collected on the small angle
time resolved station DICSI at the K1.3a beamline of the Siberia-2 storage ring of the Synchrotron
Radiation Source at the NRC "Kurchatov Institute”.

MLVs of OSC-model mixtures with
PA, AA are characterized by presence of two
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Fig. 1. The lattice parameter of the inverted
hexagona phase H; as a function of
hydrocarbon chain length of fatty acid for the
membranes CERG6/Chol/FA/ChS/PL at 80
and 90°C.

and also increases with a change of pH from
58 to 84 for al lipid mixtures with
individual fatty acids (Fig. 1). The lamellar
phase of the membranes with long-chain fatty
acids (AA, LA, BA and CA) is suppressed at
pH 8.4.



The oriented membrane CER6/Chol/FFA/ChS/PL is characterized by coexistence of several
structure phases. The main phase with repeat distance d ~ 55 A at 98% relative humidity (phase “a’
at Fig. 2) and the minor phase with d ~ 58 A (phase “d") are likely phospholipids-enriched phases.
The low swelling phase with repest distance d ~ 44 A at 58% relative humidity and d ~ 46 A at 98%
relative humidity (phase “b” at Fig. 2) has the structure similar to that of ESC-model membrane,
first described in [2].

/,a.u. al

Fig. 2. Neutron diffraction patterns of

oriented membrane CER6/Chol/FFA/ChS/PL

= 28/23/15/8/26 (w/w) measured at 20°C,

58% RH, D,O/H,0 = 8/92 (i), 37°C, 98% RH,

D,O/H,0 = 8/92 (ii) and 37°C, 98% RH,
i D,0O/H,0 = 80/20 (iii). Numbers indicate the
) diffraction orders for phases “a’, “b”, “c” and
. “d”.
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Earlier, electron microscopy revealed an inverse correlation between permeability and ceramide
content for both skin and oral tissues [3]. One can suppose that there are some ceramides-rich
domainesin the native oral lipid material, which responsible for control of permeability.
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I ntroduction

The IBR-2M pulsed reactor (JINR, Dubna, Moscow region) was launched in operation in
2011. One of the instruments at the reactor is a YuMO small-angle neutron scattering
spectrometer which is used for awide range of scientific and technical applications.

The spectrometer is characterized by a relatively short data acquisition time which
depends on the type of the studied material and varies from minutes to hours. In case of the
results of the studies of lipid membranes under hydrostatic pressure which are described below
the characteristic time was severa minutes due to a high flux of the neutron beam [1]. In
addition, the sample environment of the SANS instrument was also improved providing new
opportunities for the studies in different fields of science. The neutron experiments were
performed at YuMO spectrometer by a two-detector system mode with ring wire detectors [4,5].
The beam was collimated to a diameter of 14 mm on the sample. The data treatment was
performed by SAS program [6] both with and without a smoothing mode [7]. In this report we
describe a high pressure setup (4 kbar) recently installed at the YuMO [2]. We also present the
new SANS D-P-V-T on lipid membranes data obtained simultaneously. It should be mentioned

that the first test experiments with P-V-T measurements were donein [3].

Experiment

Synthetic 1,2-dipalmitoyl-sn-glycero-3-phosphocholine (DPPC) was purchased from
Avanti (Birmingham, Al) and was used without further purification. Water (18 MV/cm) was
obtained with Millipore (USA). Multilamellar vesicles (MLVs) were prepared in the following

way: DPPC was mixed with water. Homogeneous dispersion was obtained by a temperature



cycling method around the main phase transition temperature with a temperature range +20. The
final concentration of the lipid/water was 10 mg/ml.

Fig. 1. Volumetric high-pressure setup of the Y uMO spectrometer, adapted for SANS experiments.

The hydrostatic high-pressure setup was improved, namely, it was adapted to parallel
volumetric measurements. For this purpose the rotation angle sensor was mounted at the hand
pressure pump. It provides control of the change of the volume with the accuracy up to +2*107®
ml. In addition, the pressure pump was equipped with a motor which gives a possibility to
change the volume of the system at a rate about 2*10° ml/s. The electronic pressure sensor
alows one to control pressure with the accuracy of about + 0,1 bar. The temperature in the

pressure cell is controlled by the LAUDA thermostat with an error + 0,05°C.
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Fig.2. The DPPC main phase transition at 50°C and from 10 to 400 atm range. a) Bilayer repeat distance
dependence D vs pressure and b) Membrane isothermal compressibility as the function of pressure.

The measurements were performed simultaneously.

Experimental data on bilayer repeat distance and membrane isotherma compressibility as
the function of pressure are presented in Fig.2.

Simultaneous D-P-V-T measurements were done in the following pressure range: from
10 up to 400 atm with a step of 30 atm.
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Detonation nanodiamonds (DND) are formed by an explosion of unbalanced oxygen
explosives in the absence of extra sources of carbon. DND particles are nanocrystallites of size 5—
10 nm which, in the course of the explosion, produce almost inseparable aggregates through
nondiamond components. Methods of “clarifying” dispersions which depend on grinding of DND
in wet conditions have recently being developed [1]. As a result, stable colloid solutions based on
various solvents are synthesized in which individual nanoparticles unite into clusters because of
high free surface. In [2] a water—nanodiamond system was studied by the small-angle neutron
scattering (SANS) method. The fractal structure of clusters was analyzed using an incomplete two-
level model [3]. From a qualitative comparison of the scattering curves it was inferred that, when
concentrated, the clusters partially penetrate each other. Similarly, qualitative comparison allowed
for an analysis of changes in the scattering curves at different relations between the proton and
deuterium components of the buffer (contrast variation), which, within uniform approximation,
allowed for the estimation of the composition of the clusters.

The aim of the present work was to simultaneously study the fractal structure of
nanodiamond clusters and the effect of cluster interaction, based on a complete two-level model [3].
We used SANS curves obtained at the SANS-1 small-angle diffractometer in HZG (Geesthacht,
Germany). In the SANS curves for different solution concentrations (Fig.1a), we observe two
power-law regions, which in the double logarithmic scale are linear, and the Guinier regime is
observed in the small-g range. The scattering represents the two-level organization of particlesin an
aqueous suspension of DND: the cluster level and the level of nanodiamond particles. The power
character of the curves in the first level (small q) suggests that the studied system exhibits fractal
properties [4]. The curves were described within the framework of a universal exponential/power-
law approach (Fig.1b) [3] (for notation see Ref.2).

From the derived value of the index P = 2.4 < 3, it follows that the organization of the
nanodiamond particles in aggregates corresponds to mass fractals with dimension D = P, which is
independent of DND concentration. The latter implies that the power decrease amplitude in the
cluster level (B) depends only on the nanodiamond particles content of dispersion [4]. The D value
points to the mechanism of the cluster—cluster aggregation limited by diffusion at the formation of
the studied aggregates [5]. The index value in the other level Ps= 4.2 > 4 gives an indication of the
so-called diffusion character of the surface of DNDs making up the aggregates [4]. The initial
section of the spectrum gives the apparent radius of gyration R;. At low concentrations (weak
interaction between clusters), it corresponds to the cluster size. For uniform particles of spherical
shape, the particle radius is related to Ry as R:(5/3)”2Rg, hence we arrive at the cluster size estimate
at alevel from 35 to 50 nm. The observed Ry of aggregates first increases with DND concentration
(Fig.1b), which efficiently corresponds to a rather strong attraction component in the potential of
cluster interaction. At the same time, from analysis of scattering into a zero angle G we draw a
conclusion about the general repulsion of clusters, which coincides with qualitative analysisin [2].
The same is true, for example, for the interaction of free monocarbon acids in liquid colloid
solutions of magnetic nanoparticles [6]. At concentrations over 5 wt % the radius of gyration begins
to decrease and becomes smaller than the initial Ry at the lowest concentration. This indicates that
the effective radius of interaction grows smaller than the cluster radius and agrees with the



conclusion about the partial overlapping of branched clusters [2]. The other quantities Gs, Bs
increase linearly with concentration, accounting for the increase of DND particlesin the solution.
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Fig.1. (&) SANS curves from DND water dispersions at different concentrations; (b) concentration
dependences of the R;-parameter.
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The contrast variation procedure (Fig.3) alowed us to find the match point of the
aggregates. The obtained value of the scattering length density is smaller than that of crystal
diamond (pcp = 11.8(3) x 10™ cm™), suggesting the presence of a non-diamond component in the
DND particle composition. Since amorphous carbon and noncarbonic admixtures are amost
entirely removed from the surface of nanodiamond particles during the preparation of dispersion
[1], we may suggest that around the diamond’s core there is a graphene shell, which is responsible
for the diffusion character of the DND surface. The existence of such a shell follows from the
spectroscopic data [2,7]. Also, the decrease of Rys with contrast from 4.6(8) to 2.8(5) nm is
consistent with this conclusion, because the shell is partially shaded from the scattering viewpoint
as the share of heavy water in the buffer increases. Scattering decays monotonically with increasing
deuterium component content of the buffer, P is invariant to contrast, which is evidence for the
homogeneity of the aggregates under study.
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Solutions of fullerene Cg in nitrogen-containing solvents and their mixtures with other
solvents are characterized by the evolution of their UV-Vis, IR and Raman spectra in time. Two
main processes, namely the formation of Cg clusters and change in the solute-solvent interaction,
contribute to these phenomena [1,2]. These solutions exhibit sharp solvatochromism (change in the
UV-Vis spectrum) under dight variations either the fullerene concentration or the solvent
composition. Particularly, the addition of highly polar water with dielectric constant € ~ 80 to the
solutions of Cg in N-methyl-2-pyrrolidone (NMP) with & =32 is accompanied by a specific
increase in the absorbance over the wavelength range of 450-550 nm [3-7]. It is supposed that this
change in the UV-Vis spectrum is a result of the formation of charge transfer complexes between
Ceo and H20. Since NMP is miscible with both high-polarity (such as water) and low-polarity (such
as toluene) solvents this later statement can be carefully checked. In the given work we studied the
absorbance characteristics and structure of the solution of fullerene Cgo in the mixtures
NMP/toluene and NMP/water obtained by adding the third component to the initial Ceo/ NMP
solution. For this purpose the combination of UV-Vis spectroscopy and small-angle neutron
scattering (SANS) was used.

Fullerene Cg was dissolved in NMP with stirring during 15 minutes at room temperature.
The initial mauve color of the solution after the preparation turned to brownish-yellow with time.
Ternary solutions Cg/NMP/toluene and Cg/NMP/water were obtained by adding the third
components to Cgo/NMP with various proportions in different times after the preparation of the
initial solution. Absorption spectra were obtained at the Hitachi U-2000 UV-Vis spectrophotometer
in a wavelength range of 200-1000 nm. SANS experiments were carried out the ‘Yellow
Submarine’ set-up of the Budapest Neutron Center.

UV-Vis spectra of Ceo/NMP and Cso/NMP/toluene solutions are compared (Fig.1a) in the
range of 300-600 nm, where the main specific changes take place. Particularly, they concern the
characteristic peak at A ~ 330 nm, for which the toluene addition to Cg/NMP system is
accompanied by a small bathochromic effect (see inset to Fig.1a) with a maximal shift of about 4
nm towards higher wavelengthsin the limiting case (toluene content of 98 vol. %).

The discussed spectrum region changes considerably when the toluene content exceeds 95
vol. %, so one can tak about a sharp solvatochromism implying somewhat a transfer from
Coso/NMP to Cgof/toluene absorption spectrum. However, even at the high content of toluene the
color of Cgo/NMP/toluene solution remains brownish yellow, which is atypical feature of the pure
Cso/NMP solution. The observed effect is compared (Fig.1b) with the solvatochromism occurred at
the addition of water to the Ceo/NMP system, where the bathochromic shift of the peak at A ~ 330
nm is about ten times larger than in Cgo/NMP/toluene. Also, some additional absorption bands
(plateau) in the range of 450-600 nm appear. All this points out a specific interaction of water with
fullerene dissolved first in NMP. The observable changes in the character of the spectrum at the
water addition take place at significantly lower water content (around 50 vol. %) [5-8] as compared
to toluene. The same threshold of the water content was reported for the similar system
Ceo/pyridine/water [4].
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Fig.1. Solvatochromism under addition of toluene (a) and water (b) to Ceo/NMP in various proportions.
Final volume fractions of toluene in the mixtures are indicated in the graph. Water is added in 50 val. %.
Insets show bathochromic effects for characteristic peak at A ~ 330 nm. Arrows denote newly appeared
absorption bands in case of water addition.

The found difference in the effects of low-polar and polar additives can be related to the
solvation processes. Toluene, as a low-polar component in Ceo/NM P/toluene system, increases the
so-called selective solvation, when Cg is preferably surrounded by NMP molecules. The
corresponding solvation shell starts to be destroyed only at the toluene content close to pure
Ceo/toluene solution. Vice versa, at the water addition the interaction of Cgso—NMP favours the
formation of either the new complexes Cso—H>O, which do not appear, if fullerene is added directly
to water, or mixed solvation shells Cso—NMP/H.0.

(@) (b)
1,0- 14
5 13 * *
4 14 *
0,8 i %12 . 0,6 .
—,cE gu 05 A s 12 .
o - ' ‘ A
5 08 ‘A _,313 § 04 % °
2 \ « ¢ = A &8
g ? 2 0,3 A *
g oM A 20 30 40 S0 60 70 80 g A ® 20 30,40 5060 70
= +\A toluene volume fraction, % £ o) A Water voltime fraction, %
2] ol
+¢ é%ﬁﬁ%&Méngg&zg@gg&u *
0,0 0,0
0,2 0,4 06 08 1,0 00 02 0:‘& nm’lo:e 08 | 10
g, nm '

Fig.2. SANS data for Ceo/NMP/toluene (a) and Ceo/NMP/water (b) at various content of the third
component in solutions. The curves are reffered to one fullerene concentration. Insets show dependence
of the averaged intensity (g-range of 0.1-0.5 nm™) on the volume fraction of the third component.

At the same time, the small-angle neutron scattering (SANS) experiments (Fig.2) do not
show any principal differences between toluene and water regarding the cluster reorganization in
sufficiently old solutions. In both cases there is observed a sharp increase in the SANS intensity
after the additive volume fraction becomes more than 40 % in the mixture. Such increase is
explained by partial dissolution of the large (size above 100 nm) initial clusters whose preferable
size lies after that in the region of nanolevel (10-100 nm). This means that the obsevred



solvatochromism in the studied solutions is not determined by the cluster reorganization, but is a
consequence of the change in the donor-acceptor complexes of CgoWith solvents.
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At beam line Ne 7 of the reactor IBR-2 were situated two diffractometers EPSILON-MDS and SKAT
and the spectrometer for inelastic neutron scattering NERA. Both diffractometers EPSILON-MDS
and SKAT have shared a common neutron guide with a section of 50 mm x 170 mm (w x h) and
stood out due to along flight path of more than 100 metres. The large cross section of the neutron
beam was virtually split into two equal parts — the upper one provided the texture diffractometer
SKAT with neutrons, the lower one served the strain diffractometer EPSILON-MDS.

It became evidently that this resolution had some drawbacks. Due to the close distance between this
diffractometers and the weak shielding strong scatterer on the sample table of one diffractometer
had generated a noticeable background for the other diffractometer.

During the shut down of the reactor the neutron-optical system of these diffractometers has been
renewed: Instead of one straight guide two bent guides have been built. The set-up of the neutron
guide system is finished. In the meantime the decision was made to renew the neutron guide for the
spectrometer NERA, too. This should be done by the end of the year 2011 and then the
diffractometers can be mounted at their new sides.

This is to introduce the new neutron optical system for the diffractometers ErPsiLON-MDS and
SKAT. Between two pulses the reactor generates delayed neutrons from the fission during the
power pulse and neutrons from the so-called satellites. All these neutrons do not obey any time
correlations and can be seen as background. In order to reduce this background there is a
background chopper installed at a small distance from the surface of the moderator, i.e. at a distance
of 5.5m.

The background chopper is a disk chopper rotating synchronously with the main reflector of the
reactor, i.e. with afrequency of 5 Hz. Because there are three neutron guides the transparent part of
the disk is calculated to be optimally with 60°. The diameter of the disk is 1205 mm. The cover
sheets are made from a Ni-steel-alloy but the main part is a carcass made from an Al-aloy. The
carcass is filled with bricks of sintered TiH, and a small amount of BC, (3 mass-%). The thickness
of the disk is 100 mm.

Neither Ti nor H is a strong absorber but hydrogen has a rather high incoherent cross section.
Therefore the attenuation of the beam is due "scattering out” the neutrons of their flight path. The
background chopper maintains a wavelength band for the diffractometer EPsiLON-MDS up to 14 A,
but due to frame overlap this band is limited to 7.2 A.

Directly behind the background chopper starts the neutron guide splitter. The splitter has an overall
length of 14 m and includes two channels of dimensions of 50 mm x 95 mm (w x h) and one
channel with dimensions of 50 mm x 160 mm (w X h) cross section. Inside the splitter the neutron



guides are straight. In order to get a distance of minimum 1200 mm between the facilities at the end
of the flight path the axis of the guide for NERA isinclined by -0.08° to the symmetry axis of the
beam. The inclination of the guidesfor SKAT and EPSILON-MDSis+0.8° and 1.5°, respectively.
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Fig. 1 (left): Set-up of the neutron guide system at beamline 7 of the pulsed source IBR-2M.

Fig. 2 (right): Neutron guide system at beamline 7. 7A-1 (yellow) for the strain diffractometer
Epsilon-MDS, 7A-2 (blue) for the texture diffractometer SKAT and 7A-2 (green) for the inelastic
spectrometer NERA.

For a flight path of 105 m the minimal velocity of neutrons is 525 m/s or the corresponding
wavelength 7.54 A for travelling from the moderator to the sample and detector within one frame
between two pulses. These facts limit the measurement of peaks with lattice spacing up to 5.33 A at
angles of 20= 90°. For instance, many feldspar minerals have large unit cells and therefore they
show diffraction peaks beyond this limit.

A frame overlapping can be avoided by suppressing every second power pulse. By this way, a
doubling of the wavelength band can be achieved, but the intensity will be also reduced by 50 %. At
the distance 22.5 m (EpPsiLON-MDS) and 25.6 m (SKAT) from the surface of moderator are
installed additional choppers of drum-type. If needed, they are switched on and rotate with 150 rpm,
I.e. the half of the frequency of the rotating main reflector.

After the splitter the neutron guides for both diffractometers are bent with a radius of 13 400 m and
the bent part has a length of 85 m. This means, that the exit window of the neutron guide is shifted
for 100 mm in respect with a straight guide. The last parts of the guides are straight again in order to
get a more homogeneously neutron distribution at sample position.
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Introduction

Balea Lake (Fagars Mountains) and St. Ana Lake (Harghita Mountains) are two medium
size lakes of different origin: Balea Lake is a typical high altitude proglacial lake while St. Ana
Lal, located in the Ciomadu extinct volcano caldera, is the unique volcanic lake in Romania,
Although both lakes have different location and origin, they are characterized by a total absence
of any source of industrial pollution in their direct neighborhood. For this reason, and by taking
into account the distance of about 115 km between them, these lakes could be chosen as good
indicators for an extended screening of industrial pollution. On the other hand, Balea as well as
St. Ana lakes, due to their picturesque landscape, are visited during summer time by a great
number of tourists, so a certain degree of anthropogenic influence is expected to exist. Both lakes
collect pluvial water from relative restricted areas (about 234 ha in the case of lake Balea and 147
ha for the lake St. Ana lake) so the mineralogical and elemental composition of their sediments
will reflect the geochemical characteristics of surrounding geological formations. Accordingly,
the sediments of Lake Bale are expected to reflect the mineralogical composition of the Suru
Formation, mainly consisting of metamorphic rocks such as amphibolitic schists, quartzo-
felspatic gneissic rocks and mylonites as well as limestones. On the contrary, the sediments of St.
Ana lake which occupies the bottom of now extinct Ciomadu volcano, mainly consist of
fragments of weathered andesite together with an considerable amount of phytodetritus, the last
one originated from the coniferous and deciduous forests that cover the caldera walls.

Irrespective of their tourist interest, both lakes have received little attention regarding
geochemistry, and particularly, the level of pollution with heavy metals, although their
importance as reference systems for zero level industrial pollution cannot be ignored. For this
reason, in summer 2008 and winter 2009 we performed two campaigns of a systematic
investigation concerning the geochemistry of both sediments and neighbor geological
formations by collecting six sediments cores as well as an appreciable number of samples of
rocks to be analyzed by instrumental neutron activation analysis (INAA).

Experimental

Sediments collected from the Balea Lake consisted, at their upper part, mainly of
blackish, seldom green-grayish silt, with fragments of vegetation and few aquatic invertebrates,
while the deeper ones contained also sand and fine to coarse gravel. The granulometric analysis
showed the predominance of silt up to 80%, with an almost normal distribution, while vegetal
fragments, sand as well as gravel or lithic fragments accounted for the rest of 20%. On the
contrary, St. Ana sediments were more homogenous, consisting of brownish silt, rich in
fragments of vegetation and in some places, exhaling an odor of H;S.

INAA was carried out at the research reactor of WWR IRT type, at the Moscow
Engineering Physics Institute (Moscow). Well homogenized samples weighing 100-200 mg,
together with the reference materials: IAEA-433, IAEA 140/TM, IAEA SL-1 and TAEA Soil-7,
were irradiated in the vertical experimental channels with a thermal neutron flux density of 10"
n cm™s” for 15-20 h. All gamma spectra were recorded by using a HPGe detector of ORTEC
GEM 25185 type with an energy resolution of 1.85 keV for the 1332 keV of Co® line.



Results and discussion
The results for the seven elements are reported in Table 1.

Investigating the distribution of above mentioned elements in Balea and St. Ana lakes,
we have been interested to establish to which extent to these elements could be attributed an
anthropogenic origin, and, at the same time, to evidence the relationship between sediments and
the lithologiy of their, although reduced as surface, drainage basins.

Accordingly, in Table 1 we have reproduced the content of investigated heavy elements,
to which, for comparison, we have added also the natural occurring, nonpolluting Sc. As
reference systems, we have used the Upper Continental Core (UCC) and Pacific and Indian
Oceans MORB as well as Romanian Regulations concerning the content of some heavy
polluting elements in soils. The content of these elements in the sediments and rocks in
different formations is given by means of box and whiskers diagrams in Fig. 1.

To identify and characterize possible sources of the determined elements Correlation
Analysis (CA) and Principal Component Analysis (PCA) (Davies, 2002) were performed by
means of StatSoft” Statistica 6.0.

The PCA plot of all seven elements (considering samples as variables and elemental
contents as cases) is reproduced in Fig. 2.

Table 1. The average values, (Aver), and standard deviations, (St. Dev.) of investigated heavy elements in St
Ana sediments (12 samples), St. Ana andesites (3 samples), Balea lake sediments (6 sampes), Balea lake rocks
(8 samples). For comparison, the content of the same elements as defined by Romanian Regulations
(Anonymous, 1997) together, with UCC (Taylor and McLennan, 1983), as well as Pacific and Indian MORB

(ERDA, 2010) contents are reproduced too. Concentration of elements is given in mg/kg.

Sample Sc Cr Co As Se Br Sb
© Sediments StDev 4.5 31 4.2 4.1 1.7 237 24
g % Aver 0.9 3 0.4 1.0 04 74 09
& - Andesite Aver 4.5 29 3.6 2.4 1.2 283 13
StDev 1.2 10 1.0 0.7 03 164 0.0
Sediments Aver  20.0 272 423 5.5 3.0 57 14
StDev 0.8 39 53 1.8 0.5 1.5 05
Paragneiss
Paragneiss
Paragneiss Aver 24.9 291 39.3 4.3 2.0 04 02
e Paragneiss + chloritic
< schists with garnets
s Amphibolite
g +amphibolitic schist

Paragneiss +
amphibolitic schist

e — StDev 16.0 274 24.5 = 0.8 02 02
schists
Paragneiss + chloritic
schists
RR normal - 30 15 5 1 50 5
é g RR alert - 100 30 15 3 100 12.5
& ucc 11 35 10 15 005 nd 02
T
@ ® MORB Pacific 318 7143 nd nd nd nd nd
MORB Indian 39.1 254.4 nd nd nd nd nd
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Fig. 1. Box and whiskers diagrams of determined elements in investigated systems

In addition, by means of PCA considering samples as cases, an attempt was made to
understand the interrelationship between sediments and adjacent parent rocks (Fig. 3).

In this way, we can consider that observed clusters and sub-clusters, based only on the
content of the considered seven elements, reflect with enough precision the differences between
investigated samples regarding their natural provenience.
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Fig. 2. A bivariate PCA plot illustrating the relative similarity of heavy
elements clusters for both lakes (R mode analysis)
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Fig. 3. A bivariate PCA plot illustrating the clusterization of the main lithologic
components of investigated systems (Q — mode analysis)

Conclusion

Final results showed that the average content of these elements in sediments was close
to these in rocks, and, at the same time, comparable with the normal environmental content of
these elements as defined by the Romanian Regulations, such that all elements could be
considered as normal, nonpolluting components of investigated lakes. A Principal Component
Analysis performed in R-mode showed that Sc, Cr and Co on one hand and As, Sb, Br, and Sb
on the other forms two distinct cluster, regardless the lake while Q-mode analysis pointed
towards a significant difference between two lakes regarding both sediments and rocks.
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Introduction

Nanobiotechnology is a rapidly advancing area of scientific and technological
opportunity that applies the tools and processes of nano/microfabrication to build
devices for studying biosystems. The microorganisms (bacteria, microalgae, yeasts,
fungi) are often used as possible “nanofactories” for the development of clean, nontoxic
and environmentally friendly methods of producing silver and gold nanoparticles
(Klaus-Joerger et al.,, 2001; Li et al., 2011; Mohanpuria et al., 2008; Gericke and
Pinches, 2006). Successful collaborative studies of the Sector of NAA and Applied
Research of the Division of Nuclear Physics of FLNP with the Institute of Physics,
Georgia, in the interaction of metals with microorganisms (Mosulishvili et al., 2002,
2007) were extended to nanobiotechnology (Tsibakhashvili et al., 2011; Kalabegishvili
etal., 2011).

Materials and methods

Neutron activation analysis (NAA) is used among the variety of analytical and
spectral methods: UV-vis spectrometry, X-ray diffraction (XRD), transmission electron
microscopy (TEM), scanning electron microscopy (SEM) with energy-dispersive
analysis of X-ray (EDAX), atomic absorption spectrometry (AAS) for investigation of
the obtained nanomaterials. The few bacterial strains of actinomycetes Streptomyces
glaucus 71MD and Streptomyces spp. 211A (isolated from the rhizosphere of soybeans
grown in Georgia), arthrobacter genera — Arthrobacter globiformis 151B and
Arthrobacter oxydans 61B (isolated from the basalt rocks collected from the Kazreti
region of Georgia) and blue-green algae Spirulina platensis (strain IPPAS B-256 from
the algeological collection of the Timiryazev Institute of Plant Physiology, Russian
Academy of Sciences) were used for gold and silver nanoparticles synthesis. Cells of
actinomycetes and Spirulina platensis were grown as described elsewhere
(Tsibakhashvili et al., 2011; Kalabegishvili et al., 2011). The harvested mycelial mass
was then resuspended in 250-ml Erlenmeyer flasks in 100 ml of 10~ M aqueous HAuCl,
(chloroauric acid) solution in the synthesis of gold nanoparticles, and in aqueous AgNOs
(argentum nitrate) solution in the synthesis of silver nanoparticles. Time-dependence of
nanoparticle formation was studied in different time intervals (several days).

Result and discussion

The gold and silver surface plasmon resonances (SPR) was observed in the UV-
vis absorption spectra at ~ 530 nm for gold and at 425 nm for silver, respectively. The
presence of SPRs indicate the gold and silver ion reduction and the subsequent



aggregation of nanoparticles in the solutions. The intensity of the peaks increased as a
function of the reaction time. A single band in all spectra gives evidences for the
spherical shape of gold and silver nanoparticles that is also confirmed by TEM images

(Fig. 1).

Fig. 1. TEM image and size histogram  Fig. 2. SEM image of Ag nanoparticles in
of Au nanoparticles in biomass of biomass of Streptomyces glaucus 71MD
Arthrobacter 61B

In all TEM images the diffraction patterns correspond to the face centered cubic
(fce) structure of gold and silver nanoparticles. The particle size histogram for studied
samples shows that the size of gold and silver nanoparticles are in the range of 5 to 80
nm, with an average of 25 nm. The XRD data for gold and silver nanoparticles confirm
the presence of the fcc structure. As an example, the SEM image of Streptomyces
glaucus 71MD cells (after interacting with AgNOs solution for seven days) is given (Fig.
2). The SEM images illustrate that most of the particles are spherical and do not create
big agglomerates.

The EDAX X-ray spectra were registered proving the presence of gold
nanoparticles in Spirulina platensis cells treated with HAuCly for 5 days (Fig. 3). Along
with the Au peaks, the signals from C, O, CI and Fe were recorded. Neutron activation
analysis (NAA) was carried out in collaboration with the South African Nuclear Energy
Corporation (Necsa), Pelindaba, Pretoria, South Africa, at the nuclear research reactor
SAFARI-1. The samples were irradiated for 8 s at a neutron flux density of ~ 5.10"
n cm” s . Their activities were measured three times, after cooling for 3 and 30 hours
and 7 days, respectively. The gold content was determined on the 411.8 keV vy-line of
8 Au. Genie 2000 software was used to process NAA data. The data obtained by NAA
illustrates that uptake of metals includes two phases: rapid and slower uptake. In the first
‘rapid’ stage, the metal ions are adsorbed onto the surface of the microorganism. The
concentration of gold increases rapidly. In the ‘slow’ stage, the metal ions are
transported across the cell membrane into the cytoplasm. The total concentration of gold
in the samples (extracellular and intracellular) does not change significantly. The data
obtained by AAS (Fig. 4) are confirmed by NAA (Fig. 5).
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Fig. 3. EDAX spectrum of Spirulina platensis exposed to HAuCly (10'2 M)
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Conclusions

The results of the performed investigations show that the studied microorganisms are
capable of producing nanoparticles extracellular when exposed to the gold and silver
compounds. The shape of the majority of the nanoparticles is spherical and the average
size is 25 nm. The biosynthesis of nanoparticles is simple, economically viable and an
eco-friendly process.

The authors acknowledge the Ukrainian Science and Technology Centre (STCU Grant #
4744) and the Grant of the JINR-South Africa Collaborative Agreement (Order # 486,
2010).
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