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SO 01

RECENT DEVELOPMENTS IN THE FIELD OF EPITAXIAL FERROELECTRICS
Lucian Pintilie
National Institute of Materials Physics, Atomistilor 405A, Magurele, Romania
Ferroelectrics are multifunctional materials with a broad range of applications, many of them based
on two very important material quantities: the spontaneous polarization and dielectric constant. Here we
discuss a few aspects regarding the two quantities, namely:
- Complex relation between electrode interfaces, polarization and leakage current, based on
experimental results showing that the properties of the electrode interface (especially the magnitude
of the barrier height) are largely controlled by the spontaneous polarization. Examples will be given
for several materials including two PZT compositions, BaTiO 3 and BiFeO3.
- Possible self-doping effects in epitaxial ferroelectric films, suggested by the results obtained on PZT
layers grown on SrRuO3 electrodes. The microscopic analysis underlines that vacancies are involved,
being generated during the growth of the films with dominantly upward polarization. The results also
suggest that compensation mechanisms are different in very thin films and bulk.
- Uncertainty on the values of material constants, especially dielectric constant, as the reported
numbers spread over order(s) of magnitude. Examples are given, in relation to microstructure,
interfaces and measurement conditions. All the results strongly suggest that extremely high
precautions should be taken when selecting experimental values for simulations or theoretical
modeling. A few comments are made on this problem of “material constants”.
At the end, some new developments towards applications in high-tech domains will be presented
(e.g. non-volatile memories, IR detectors).

SO 02

WHERE DOES ELI-NP STAND NOW?
Kazuo A. Tanaka
ELI-NP/IFIN-HH, 30 Reractorului Str., PO Box MG6, Magurele-Bucharest, 077125 Romania
Since chirped pulse amplification scheme[1] has changed the game in high energy density physics,
the available laser intensity has kept increasing, can reach 1023 W/cm2 or even higher, and can deliver
radiation higher than the previously used in nuclear facilities. In order to make use of this capability in full
depth, ELI-NP has been funded to come up with both high intensity laser and high briliance gamma beam
systems through the European Light Infrastructure (ELI) project for the state of the art and beyond.
High Power Laser System (HPLS)
The high power laser system (HPLS) consists of OPCPA, Ti Sapphire configuration at the central
wavelength 820 nm with 60 nm bandwidth, the output energy 250J, the pulse width 25 fsec, the contrast
ratio1013 with 50 cm beam diameter. This may enable to create a focused laser intensity 1022-1023 W/cm2
on target. 3 PW performance test is planned in Apr. 2018.
Gamma Beam System (GBS)
The output of gamma-ray beams comes up with continuously tunable energy in the range from 200
keV to 19.5 MeV. The production of quasi-monochromatic gamma beams is based on the Inverse Compton
Scattering (ICS) process of green laser light pulses off relativistic electron bunches up to 700 MeV. The
resulting GBS is based on a high-quality electron-photon collider with luminosity at the level of about 2 x
1035 cm–2 s–1, that is almost one order of magnitude better than what was achieved at LHC in CERN [2].
Planned Experiments
The commissioning phase may be expected to start as early as in 2018. A number of experiments
have been proposed for the Day 1 phase and has been recommended by the International Scientific Advisory
Board (ISAB). For example gamma ray conversion efficiency, high energy electron acceleration, and non8
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linear QED [3] are being prepared for the HPLS. First-phase experiments for the GBS involve studies of the
distribution of the E1 strength in the region of the Pigmy Dipole Resonance (PDR) and the Giant Dipole
Reso-nance (GDR). Delbrück Scattering is also considerd. These experiments will take advantage of the
narrow-bandwidth pencil-size beams at ELI-NP, which provide the possibility for studies low-abundance
targets, e.g. NRF studies in the actinide nuclei. Call for further proposal will be announced from ELI-DC [4]
organization.
Acknowledgement: This project work has been cooperated with the entire staffs, groups and management of

ELI-NP. The efficient and speedy installation of HPLS by Thales is commended. Excellent
technical and scientific suggestions have been made by ISAB chaired by Prof T Tajima, UC Irvine.
Work supported by the Extreme Light Infrastructure Nuclear Physics (ELI-NP) Phase II, a project
co-ﬁnanced by the Romanian Government and the European Union through the European Regional
Development Fund and the Competitiveness Operational Programme (1/07.07.2016, COP, ID
1334).
References
[1] D Strickland and G Mourou, “Compression of amplified chirped optical pulses”, Opt. Commun.
56, 219 (1985).
[2] D. Balabanski, R. Popescu, D. Stutman, K.A. Tanaka, O. Tesileanu, C.A. Ur, D. Ursescu and
N.V. Zamfir, “New light in nuclear physics: The extreme light infrastructure”, European Phys.
Lett., 117, 28001 (2017).
[3]
N.V. Zamfir et al., Romanian Reports in Physics, Vol. 68, Supplement I & II, 2016.
[4] ELI-DC: https://eli-laser.eu/

SO 03

PLASMA PROBES FOR TRANSPORT MEASUREMENTS IN
MAGNETIZED FUSION EXPERIMENTS
Roman SCHRITTWIESER1, Bernd Sebastian SCHNEIDER1, Stefan COSTEA1,
Ovidiu VASILOVICI1, Jernej KOVAČIČ2, Tomaž GYERGEK2,3, Volker NAULIN4,
Jens Juul RASMUSSEN4, Monica SPOLAORE5, Nicola VIANELLO5, Ronald STÄRZ6,
Codrina IONIŢĂ
1
Institute for Ion Physics and Applied Physics, University of Innsbruck, Innsbruck, Austria
2
Reactor Physics Department, Jozef Stefan Institute, Ljubljana, Slovenia
3
Faculty of Electrical Engineering, University of Ljubljana, Slovenia
4
Department of Physics, Technical University of Denmark, Kgs. Lyngby, Denmark
5
Consorzio RFX, Padua, Italy
6
Mechatronic Department, Management Center Innsbruck, Innsbruck, Austria
Turbulent transport in the edge region of hot magnetized plasmas still presentsone of the greatest
problems in the path towards energy conversion by nuclear fusion. In particular for the successful
confinement of plasma at fusion conditions by strong toroidal magnetic fields in tokamaks,the inevitable loss
of plasma and heat across the magnetic field should be reduced as far as possible. Peaking up to 50 MW/m2,
such plasma losses can have highly damaging effects for the first wall of the vacuum vessel and the so-called
divertors of ITER and future fusion reactors. Mainly caused by filamentary structures of enhanced plasma
pressure, this transport originates from the last closed flux surface and propagatesradially through the
Scrape-Off Layer (SOL) towards the first wall. Investigations in the SOL of Medium-Size Tokamaks (MST)
are concentrated on unveiling the cause of the transport, requiring diagnostics that can measure several
parameters simultaneously, locally and with high temporal resolution. Most important are plasma potential,
electric fields and electron and ion temperature, for which the best diagnostic tools are plasma probes
mounted on reciprocating probe drives. However, conventional cold Langmuir probes (CLP) are not suited,
since the parameters can only be derived with low temporal resolution from the current-voltage
characteristics. The floating potential of CLPsis also to no avail since it depends strongly on the electron
temperature. We have developed probes whose floating potential is close to the plasma potential so that it
9
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can be measured directly and with high temporal resolution. Such Plasma Potential Probes (PPP) are either
Electron-Emissive Probes (EEP), operable in all types of plasma, or Electron Screening Probes (ESP) whose
principle is based on the difference between the gyro radii of electrons and ions in magnetic fields. With
pairs of PPPs also electric field components can be determined. For comprehensive transportinvestigations in
the SOL of MSTs a New Probe Head (NPH) has been developed which combines two CLPs, an EEP and
two Retarding Field Analyzers (RFA) for ion energy distribution measurements (see Fig. 1). The probe head
also contains two Magnetic Pickup Coils (MPC) to measure magnetic field fluctuations.

Fig. 1: Schematic of the New Probe
Head for edge plasma measurements
in tokamaks, carrying three probes,
two retarding field analyzers (RFA)
and two magnetic puick-up coils
MPC).
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S1 L1

LOW TEMPERATURE/LARGE AREA NANOCRYSTALLINE DIAMOND FILM
SYNTHESIS IN DISTRIBUTED ANTENNA ARRAY MICROWAVE PLASMA SYSTEM
Fabien BENEDIC, Damia DEKKAR, Benoit BAUDRILLART, Ovidiu BRINZA,
Riadh ISSAOUI, Jocelyn ACHARD
LSPM-CNRS, Université Paris 13, Sorbonne Paris Cité, Villetaneuse, France
Many thermal, electrical and mechanical applications of diamond require thin films grown on
temperature sensitive substrates. Recently, new synthesis microwave processes were designed in order to
produce nanocrystalline diamond (NCD) films on large area substrates at low temperature, typically below
400°C: (i)surface-wave plasma system1, (ii) linear antenna surface-wave system2, and (iii) distributed
antenna array (DAA) microwave system3, operating in H2/CH4/CO2 gas mixture under low pressure (< 1
mbar). Thus, industrial requirements would be fulfilled.
The latter technique is based on a disruptive approach to provide high density microwave plasma
sources for large area deposition, while ensuring low substrate temperature. This new concept to realize a
planar reactor comprises a 2-dimensional matrix of several single microwave plasma source elements
without using magnetic fields4. Compared to the other reactors working at low pressure and low temperature,
the DAA system permits to reach high electron density up to 10 12 cm-3, which leads, for similar microwave
power, to a more efficient chemical species production4. Besides, there is no limitation to upscale the DAA
reactor by increasing the number of sources and a 3-dimensional distribution of the sources can also be
designed in order to improve the conformal deposition on complex-shape substrates.
In this contribution, we will review the large area/low temperature NCD synthesis process using a
4×4 DAA microwave system, from the diamond growth and plasma characteristics point of view. The
capacity of such a reactor for growing homogeneous NCD films on various substrates, down to 100°C and
up to 4-inch size, and the related plasma behaviours will be presented and discussed.

Image of the 2D matrix plasma

4-inch NCD film synthezised on Si wafer

1.
J. Kim, K. Tsugawa, M. Ishihara, Y. Koga and M. Hasegawa, Plasma Sources Sci. Technol. 19
(2010) 015003.
2.
A. Kromka, O. Babchenko, T. Izak, E. Verveniotis and B. Rezek, Vacuum 86 (2012) 776.
3.
H.A. Mehedi, J. Achard, D. Rats, O. Brinza, A. Tallaire, V. Mille, F. Silva, C. Provent and A.
Gicquel, Diam. Relat. Mater. 47 (2014) 58.
4.
L. Latrasse, A. Lacoste, J. Sirou and J. Pelletier, Plasma Sources Sci. Technol. 16 (2006) 7.
Keywords: Diamond films, Microwave plasma, Low temperature, Large area
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S1 L2

SENSORS AND ACTUATORS: FROM FUNCTIONAL NANOSTRUCTURES TO NOVEL
ARCHITECTURE DEVICES
Madalina Barsan, Mihaela Beregoi, Claudiu Ciubotaru, Corina Ciubotaru, Andreea Costas, Victor Diculescu,
Adrian Enache, Ionut Enculescu, Monica Enculescu, Alex Evanghelidis, Camelia Florica, Elena Matei,
Silviu Polosan, Nicoleta Preda, Mariana Apostol, Mihaela Bunea, Anca Aldea, Daniel Crisan, Mihai
Constantinescu, Melania Onea
National Institute of Materials Physics, Magurele, Romania
During the last two decades a surge in using nanostructures as building blocks for fabricating
functional devices can be observed. Well financed groups published high impact papers with subjects
ranging from biosensors mimicking living organisms’ senses to miniaturized robots imitating insects, all
based on low dimensional structures. The goal is to exploit in new architectures specific properties of such
nanostructures, consequence of their low dimensionality e.g. quantum confinement or high surface to volume
ratio. Further, biochemical processes can be over imposed onto this carefully tuned scaffold enabling life like
functions. Concepts such as artificial nose and tongue, artificial muscles and so on became more
sophisticated due to the advances in design enabled by the use of nanostructures.
The aim of this presentation will be to describe the present situation of Functional Nanostructures
group in developing new devices based on low dimensional structures. From high performance field effect
transistors which can be excellent platforms for a new generation of sensors to electroactive fibers based on
electrospun scaffolds as building blocks for artificial muscles, new approaches will be described. Most recent
results regarding biochemical processes which are most likely to be detected using nanostructure based
devices or which can be exploited in other functional designs will be reviewed. Thus, new approaches in
immobilizing biomolecules and biomimetic elements at surface of low dimensional materials through
physical adsorption, bio-affinity interactions or through magnetic forces are described. New electrode
materials with different architectures such as nickel, palladium doped nickel, zinc oxide or flexible
metallized polymeric fibres, and their performance on detecting molecules of biological interest as well as
biochemical processes will be presented.
Finally perspectives related to the development of complex devices, including customized biosensing
platforms with optical, electrochemical or electronic transduction based on nanowire channel field-effect
transistors to be used for real time investigation of the behaviour of cell cultures and/or to identify a variety
of molecular markers, biomimetic devices for light sensing and energy production or artificial muscles with
multiple functionality and (bio)sensing capability will be presented.
S1 L3
LIQUID PHASE OF 3He ON A CORRUGATED GRAPHENE
G.H.Bordba1, 2 and M.A.Rastkhadiv1
1

1

Department of Physics, Shiraz University, Shiraz 71454, Iran
Department of Physics and Astronomy, University of Waterloo, 200 University Avenue West, Waterloo,
Ontario N2L3G1, Canada

Two dimensional (2D) fluid 3He on a strongly interacting substrate is an interesting topic for
research in condensed matter physics. The substrate may enforce 3He atoms to absorb each other more
strongly and thus a liquefaction phenomena is not far from expectation. Extensive theoretical works predict
that 3He particles do not constitute a liquid state in strictly 2D, while recent heat capacity measurements of
3
He adsorbed on graphite by Sato et al. show that 3He atoms are able to form liquid state on quasi-two
dimensional substrates. The corrugated surface of graphite leads to this liquefaction. Here we intend to verify
the thermodynamic properties of fluid 3He on corrugated graphene to answer this question, " Does 3He fluid
constitute a liquid phase on a corrugated graphene or not?". We consider the exact corrugation of graphene
surface since the ignorance of corrugation means elimination of a probable liquid-gas phase transition. We
13
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apply LOCV method to calculate the total energy of fluid 3He. The total energy diagram increases by rising
the density except an specific density range 0.0179<n<0.022 A -2 that finds a minimum point at n=0.021 A-2.
This demonstrates a first order liquid-gas transition. To find the starting and terminating densities of
liquefaction process, we draw the total energy versus surface area and utilized the double-tangent Maxwell
construction method. It is shown that the phase transition states at ngas=0.011 A-2 and terminates at
nliquid=0.026 A-2. The very low density of transition is notable in comparison with the bulk case.
S1 L4

NANOSTRUCTURED CARBON-TITANIUM MULTILAYER FILMS OBTAINED BY
THERMIONIC VACUUM ARC METHOD
Victor Ciupina1,4, Cristian P. Lungu2, Rodica Vladoiu1, Gabriel C. Prodan1,
Corneliu Porosnicu2 , Eugeniu Vasile3
1

2

Ovidius University of Constanta, Constanta, Romania
National Institute for Lasers, Plasma and Radiation Physics, Bucharest,Romania
3
University Politehnica of Bucharest, Bucharest Romania
4
Academy of Romanian Scientists, Bucharest, Romania

Carbon-Titan (C-Ti) multilayer films were deposited on silicon and carbon substrates by means of
Thermionic Vacuum Arc (TVA) method. The final thickness of the multilayer structures was up to 400 nm.
The coated layers consisted of a base layer of about 100 nm of Carbon deposited at low evaporation rates in
order to ensure its stability on the substrate. Subsequently, seven Carbon and Titanium layers were deposited
alternatively on top of Carbon base layer, each of them has a final thickness up to 40 nm. For this study we
obtained different batches of samples by variation of the substrate temperature between 0 oC and 400 oC, and
the ion acceleration voltage applying a negative substrate bias voltage up to -700V. A low deposition rate
0.14 nm/s for C and 0.18 nm/s for Ti respectively was used in order to obtain the precise thickness.
The characterization of microstructure properties of as prepared C-Ti multilayer structures were done
using Electron Microscopy techniques (TEM, SEM, STEM), X-Ray Photoelectron Spectroscopy (XPS) and
Raman Spectroscopy. TEM and STEM studies were performed on Philips Tecnai F30G2 at 300kV setup.
Identification of the structure of the material was based on the data obtained from diffraction pattern with a
Philips CM120ST using CRISP2 application, with crystalline material module (ELD). The morphology and
thickness of the samples were also determined by SEM techniques with Quanta FEG450 setup. The
thickness thus measured are between 155.4 nm and 393.9 nm. XPS analyses were performed by ESCALAB
250 X-Ray Photoelectron Spectrometer, using Al Kα (1486.6 eV) emitted by monochromatized X-Ray
source with Al anode, in order to obtain a depth profiling spectra. Raman spectra were measured at room
temperature on a Jobin Yvon T6400 spectrometer using 514.5 nm line of an Ar + laser as the excitation
source. The measurements reveal the content of diamond-like sp3 and graphite-like sp2; the ratio sp3/sp2
increases when the bias voltage increases. For tribological characteristics determination, systematic
measurements were performed using a ball-on-disk tribometer made by CSM Switzerland with normal force
of 0.5, 1, 2, 3N respectively. The coefficient of friction depends on the substrate temperature and on the bias
voltage. The microhardness of the coatings was measured by the dynamical microidentation method with a
Nanotest 550 instrument. To obtain the load-penetration curves was used a Berkovich diamond indenter. The
results are associated with the occurrence of atomic diffusion processes at Ti/C interface. To characterize the
electrical conductive properties, the electrical surface resistance versus temperature have been measured
using drop voltage between two ohmic contacts on the sample and drop voltage on a standard resistance in a
constant current regime. Owing to metallic layer of titanium in multilayer films, mechanical and electrical
properties can be improved.
Keywords: TVA, Ti/C multilayer, TEM, SEM, STEM, XPS, Raman, tribological properties,
electrical properties
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S1 L5

THE NEUTRON RADIOGRAPHY AND TOMOGRAPHY METHOD ON IBR-2
REACTOR: OPPORTUNITIES, ACHIEVEMENTS AND PROSPECTS
Sergey KICHANOV1, Denis KOZLENKO1, Evgenii LUKIN1, Maria BALASOIU1,2, Felicia DRAGOLICI2,
Irina SAPRYKINA3, Boris SAVENKO1
1

Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia
2
“Horia Hulubei” National Institute of Physics and Engineering, Bucharest-Magurele, Romania
3
Institute of Archeology RAS, 117036 Moscow, Russia

One of the non-destructive methods is X-ray tomography, which makes it possible to obtain threedimensional (3D) visual data with a good precision for use both in qualitative and quantitative studies.
However, X-ray tomography methods have some restrictions with respect to the dimensions of the objects
under study, and the worsening of the imaging data due to X-ray attenuation by metals, resulting in beam
hardening. A complementary method to X-ray tomography is neutron radiography and tomography. The
fundamental difference in the nature of neutron interactions with matter compared to X-rays provides
additional benefits to neutron methods, including sensitivity to light elements, a notable difference in
contrast between different metals, and high penetration ability. All these features make neutron tomography
an attractive tool, with a growing range of applications in industry, geophysics and paleontology.As result of
above-mentioned advantages, a neutron radiography and tomography facility have been developed at the
IBR-2 high flux pulsed reactor. The IBR-2 high flux pulsed reactor is one of the most powerful pulsed
neutron sources in the world with the average power 2 MW. The facility is operated with the CCD-camera
based detector having maximal field of view of 20x20 cm, and the L/D ratio can be varied in the range 200 –
2000.
The neutron radiography and tomography method is a powerful tool of non-destructive analysis,
which plays an important part in industrial and scientific research. In the present talk, as an example, the
results of neutron studies of hardened cement samples with selected compositions as prospective
construction materials for radioactive waste stores have been noted. The spatial distribution of inner
components, the geometric arrangement of pores and voids inside cement matrixes as well as a real-time
dynamic chemical related processes inside cement materials were reported.
Recently, there has been a significant increase in successful cooperation between the Joint Institute
for Nuclear Research and the Institute of Archeology of the Russian Academy of Sciences. The
complementary archaeological and physical research makes it possible to study a large number of valuable
objects from various large-scale archaeological excavations in the territory of the Russian Federation.
Examples of the scientific achievements resulting from this cooperation, as well as a demonstration of the
opportunities provided by neutron radiography and tomography methods, are given in present talk.
It should be noted that the pulsed character of IBR-2 reactor operation opens up wide prospects for
the implementation of energy-dispersive neutron radiography using the time-of-flight method, for which the
contrast of the object elements can be enhanced by choosing the optimal energy range of incident neutrons.
The possibilities of energy-dispersive method and the several experimental progress at the neutron
radiography and tomography facility are provided in talk.
Keywords: neutron radiography, neutron tomography, cement materials, non-distructive methods.
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S1 L6

EFFICIENCY ENHANCEMENT OF IRIDIUM-BASED ORGANOMETALLIC LIGHT
EMITTING DIODES
Silviu POLOSAN, Iulia Corina CIOBOTARU, Claudiu Constantin CIOBOTARU
Multifunctional Materials and Structures Laboratory, National Institute of Materials Physics,
77125 Bucharest-Magurele, Romania
Typically, an Organic Light Emitting Diode (OLED) is composed by a sandwich structure with
different thin layers which include the active layer, formed by an organometallic compound dispersed in
transparent and conductive polymer layer between other two functional layers commonly employed to assist
charge injection, transport and blocking for improved device performance.
The efficiency of these sandwich structures is given either by the internal quantum efficiency of the
organometallic compound or by the improvements of the charge transport across OLED. The low mobility of
the holes compared with the electrons one may be influenced by metallic nanoparticles added in the
transparent and conductive polymer, in our case in CBP. In the ITO/PEDOT:PSS/Ir(ppy) 3:CBP:CoFe2/ Al
structure, the CoFe2 metallic nanoparticles may influence the hole injection given by the reduction of the
threshold voltage. The strong magnetism of the CoFe 2 nanoparticles induces a spin polarization for the holes
injected from the anode, which interact with the non-polarized electrons leading to an increase of the
electroluminescence with about 8%.

Fig. 1. Electroluminescence of magnetic nanoparticles doped OLED and I-V characteristics
CoFe2O4 magnetic nanoparticles embedded in CBP may act as electron traps, which balances also
the charge injection in the OLED structures leading to a significant increase of the electroluminescence
efficiency, especially at higher voltages, as a consequence of the balancing of the charge carriers in the
OLED structures.
Keywords: Organic Light Emitting Diode, metallic and magnetic nanoparticles.
S1 L7
ON THE MAGNETIC BEHAVIOUR OF IRON AND COBALT IN RARE EARTH COMPOUNDS
E. Burzo1,2)
1)

2)

Romanian Academy, Cluj-Napoca Branch, 400015, Cluj-Napoca
Faculty of Physics, Babes-Bolyai University, 400084 Cluj-Napoca, Romania

The exchange interactions in R-Fe and R-Co compounds are analysed in 4f-5d-3d model. For a
given series, the induced R5d band polarizations, by 5d-3d short range interactions, hybridization effects,
16
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respectively are little dependent on R partner. The Curie temperatures are linearly dependent, for a given
series, on total R5d band polarizations.
As effect of pressure, different behaviour is shown for cobalt and iron-moments, respectively, in
compounds with rare-earths. The cobalt moments decrease little with pressure and collapse at a critical
pressure, relative volume, respectively, parallelly with anisomorphous phase transition. No such behaviour
was shown for iron based compounds. The distances between iron atoms influence sensitively their magnetic
behaviour.
The magneto-volume effects in the two series of compounds are also analysed.
S1 O1

DETERMINATION OF THE ATOMIC COORDINATIONS OF THE SUBSTITUTED
LIGHT ATOMS IN MATERIALS
Osman Murat OZKENDIR1,2*
1. Mersin University, Institute of Natural Science, Dept. of Nanotech.& Adv. Mat. 33343,Mersin, Turkey
2. Mersin University, Faculty of Technology, Energy Systems Engineering 33400, Tarsus, Turkey
Light atoms' substitution into a heavy atom coordination in materials can be a difficult process for
analysis. Light atoms, which have close ionic radii with the target atom, may sit at the heavy atom's
coordination. In such a case, scientist may not differ the signals from the heavy and light atom to
differentiate the exact atomic coordinations of the substituted atom. As an example study, boron substitution
in the chromium substitution is studied. In the samples with boron substitution more than 10%, they became
polycrystalline material where boron and chromium tend to own their own crystal structures. However, in the
samples with lower substitution amounts, for x=0.05 and 0.10, boron atoms seem to sit in the Cr
coordinations without any trace from boron atoms. The boron signals at the XRD patterns was not clear if
boron sat in the Cr coordinations or cause defects/impurities that can not be detected in patterns due to low
amount of the light atoms. Studies were carried on a series of Li-ion battery cathode materials with the
general formula LiCr1-xBxO2. The analysis were performed by the x-ray absorption fine structure (XAFS)
technique. As a result of the study, 10% boron substitution was determined as a treshold to protect the
LiCrO2 crystal structure.
Keywords: Crystal Structure; Electronic Structure; Li-ion Battery; Oxides ; XAFS
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INTERPLAY BETWEEN MAGNETIC PROPERTIES AND PHOTOCATALYTIC
RESPONSE IN Fe3O4-OXIDE SEMICONDUCTOR NANOCOMPOSITES
Ovidiu PANA, Maria STEFAN, Adriana POPA, Dana TOLOMAN, Sergiu MACAVEI, Simona GUTOIU,
Cristian LEOSTEAN, Lucian BARBU-TUDORAN
National Institute for Research and Development of Isotopic and Molecular Technologies,
67-103 Donat, 400293 Cluj-Napoca, Romania
Recent studies of Fe3O4–oxide semiconductor nanocomposites showed properties strongly
influenced by the charge/spin transfer at the interface. Consequently, induced magnetic order appears in the
semiconductor through transferred polarized states (carrier-mediated ferromagnetism) [1,2]. This process is
possible as long as impurity states are not present at the interface. In case fully oxidized SnO 2 semiconductor
the charge/spin transfer at the interfaces induces magnetic order in SnO 2 whereas the system has a poor
photocatalytic response. Contrary, when reduced Sn2+ states are present at the surface of SnO2 important
changes of both magnetic and photocatalytic properties results. Here the charge/spin transfer at the interface
between components is blocked and, consequently, the number of ordered magnetic moments inside
magnetite cores diminishes. The saturation magnetization calculated with respect to the Fe 3O4 content has
17
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smaller values than of bare magnetite nanoparticles. On the other hand, the persistence of surface Sn 2+ states
highly favors the photocatalytic response.
When the semiconductor is doped with 4f ions, either an increase or a decrease of the photocatalytic
response is obtained being accompanied by variations of the saturation magnetizations in the opposite way.
In case of Fe 3O4-TiO2:Gd (0–1%) nanocomposites the
saturation magnetizations are influenced by the doping
level. The magnetic order of 4f7 moments in semiconductor
may be either AFM, at low doping, or FM at higher doping.
Whereas the photo-degradation response has the best rate in
case of 0.5%. Gd content and it is diminishing with
increasing doping. The induced AFM order favors the
photocatalytic activity while a FM arrangement acts to
cancel it. The process is described in Fig. 1.
Fig. 1 Induced magnetic order in TiO2
and its photocatalytic activity.
Keywords: nanocomposites, semiconductor, SnO2, TiO2.
References: [1] Leostean C, Pana O, Stefan M, Popa A,
Toloman D, Senila M, Gutoiu S, Macavei S (2018) Appl
Surf Sci 427: 192-201.
[2] Stefan M, Pana O, Leostean C, Bele C, Silipas D, Senila M, Gautron E (2014) J Appl Phys. 116
114312(1-10).
Financial support from the Romanian Ministry of Research and Innovation, Core Programme, Project
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DYE-DOPED POLYMER NANOFIBERS FABRICATED BY ELECTROSPINNING
TECHNIQUE
Monica ENCULESCU1, Alexandru EVANGHELIDIS 1, Ionut ENCULESCU1
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National Institute of Materials Physics, Laboratory of Multifunctional Materials and Structures, Atomistilor
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Polymer fibers with nano and micrometric diameters can be produced by the electrospinning
technique. The process uses an electrical field to draw fine nanofibers from solutions and does not require
complicated devices or high temperatures. Functionalization of the polymer nanofibers may be done using
nanoparticle addition or further chemical or electrochemical deposition of various compounds on the surface
of the electrospun nanofiber [1-3]. Functionalized meshes of nanofibers obtained by the electrospinning
technique have been successfully used as thermochromic, magnetochromic, and electroluminescent devices.
Bundles of such nanofibers were prove to be able to mimic the human muscles’ movements [4, 5].
Besides the multiple applications in medicine, electrospun polymeric nanofibers permit manipulation
of light at nanometric dimensions when doped with organic dyes or different nanoparticles. Dye doped
polymers were studied in details, from the point of view of the emission tuning with morphology and with
composition [6-8]. The advantages offered by the electrospinning technique when producing polymeric
fibers are given by the simplicity of the method. Morphology control is allowed by the possibility of
controlling all the process parameters (temperature, viscosity of polymeric solution, applied voltage, distance
between electrodes, etc.).
We present our studies regarding the optical properties of polymer nanofibers produced by
electrospinning. Our main objective was to produce polymer nanofibers doped with different dyes and tailor
their optical properties. White light emission may be achieved by electrospinning mixtures of different dyedoped polymer solutions. Depending on the ratios of different dyes, luminescence is balanced between blue
and red emissions. This fine tuning of the colors’ intensities leads to the right composition for white light
emission of polymer.
Keywords: electrospinning, polymert nanofibers, functionalized nanofibers, optical properties.
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OPTICAL PROPERTIES OF TiO 2 IN DOPED STATE:
THE INFLUENCE OF THE SIO2 AND SILVER NANOPARTICLES
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Titanium dioxide (TiO2) has been widely used in various applications involving microelectronics [1],
healthcare [2] and environment [2]. In the last decade, a special attention was given to the exciton-phonon
interactions [3], the photocatalytic properties [e.g. 2, 4] and antimicrobial activity of TiO 2 and its composites
with carbon nanoparticles or conjugated polymers [e.g. 2, 5].
In this communication, the optical properties of the nitrogen-doped TiO2 (TiO2:N) as well as their
mixtures with the SiO2 and Ag nanoparticles, prepared by mechanic-chemical interactions, will be shown.
The effect of the doping process of TiO2 with nitrogen will be highlighted by studies of Raman scattering,
photoluminescence (PL) and UV-VIS spectroscopy. An approach to improving the efficiency of TiO2:N is to
avoid the recombination of electrons and holes by using charge-transfer catalysts. The TiO2:N/SiO2 and
TiO2:N/Ag systems have a promising potential to control the efficient charge transfer. In this context, the
UV-VIS studies indicate a shift of the band gap of TiO2:N to the UV range as increasing of the SiO2 and Ag
nanoparticles concentration in the mixtures mass studied in this work. The presence of the SiO 2 and Ag
nanoparticles in the TiO2:N matrix induces an increase in the relative intensities of the Raman lines situated
in the 300-720 cm-1 spectral range, as a result of the interaction of the two constituents of the TiO 2:N/SiO2
and TiO2:N/Ag systems. In the presence of the SiO2, an enhancement of the TiO2:N PL is reported. A TiO2:N
PL quenching process is demonstrated to take place in the presence of the Ag nanoparticles. In order to
explain these processes, the different de-excitation ways will be advanced, taking into account energy levels
diagram of the TiO2:N/SiO2 and TiO2:N/Ag systems. A common feature of the TiO2:N, TiO2:N/SiO2 and
TiO2:N/Ag systems is the decrease in the relative intensity of the PL excitation spectra, when the emission
wavelength was of 560 nm. The presence of SiO2 and Ag nanoparticles in the TiO2:Nmatrix induces a more
pronounced decrease of the PL excitation spectra.
Keywords: nitrogen doped TiO2, charge transfer, optical properties
Acknowledgements: This work was supported by a grant of the Romanian Ministery of Research and
Innovation, CCCDI – UEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0350 / 44PCCDI ⁄ 2018,
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NEAR COMPENSATED FERRIMAGNETISM IN THE
HALF-METALLIC Mn-Co-V-Al HEUSLER ALLOYS
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Detailed theoretical and experimental investigations on the electronic and magnetic properties of the
Mn2-xCoxVAl and Mn2Co1-xVxAl Heusler compounds are shown. The electronic band structure calculations
performed using the Korringa-Kohn-Rostoker (KKR) Green’s function method show the possibility to obtain
half-metallic fully compensated ferrimagnets (HMFi) in these Mn2-type of Heusler compounds. The
experimental investigations for Mn2-xCoxVAl with L21 structure show a decrease of the Curie temperature
with Co content, between 771 K (x = 0) and 289 K (x = 1). The magnetic moments on the Mn and V atomic
sites are very small in the MnCoVAl compound (x=1) with L2 1 structure, as deduced from the Mn 3s and V
3s core level spectra by X-ray photoemission spectroscopy investigation, with negative consequences on the
applicability of theL2 1-type Heusler compounds in spintronic devices. On the other hand, the band structure
calculations for the Mn2Co0.5V0.5Al alloy show half-metallic almost compensated ferrimagnetic behavior
with total magnetic moment of 0.3 µB /f.u.. The occupation of crystal sites with Mn, Co, V and Al atoms has
been determined by total energy calculations. The fully compensated ferrimagnetic behavior is predicted
theoretically for the compounds derived from Mn2Co0.5V0.5Al by slight variation of composition. An almost
compensated ferrimagnetic behaviour with a measured Curie temperature of 671 K was found for the
Mn2Co0.5V0.5Al compound, with possible applications in the spintronic devices.
Keywords: spintronics, ferrimagnets, Heusler alloys, band structure calculations
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BEHAVIOR OF MAGNETIC FLUIDS IN PRESENCE OF FUNCTIONAL ORGANIC
COMPOUNDS
Dina YAKUSHEVA, Sergey LYSENKO, Svetlana ASTAF’EVA
Institute of Technical Chemistry of the Ural Branch of the Russian Academy of Sciences, Academician
Korolyov St. 3, Perm, 614013 Russia
The most common magnetic fluids are concentrated colloidal dispersions of magnetite, stabilized by
oleic acid, in kerosene. Other fatty acids are also used for stabilization of this colloid in hydrocarbon media.
Kerosene is a too volatile solvent for technical applications, so a solvent replacement method is widely used
to overcome this disadvantage. However, there is still no comprehensive study on the relationship between
the structure and coagulation effect of precipitator.
Behavior of magnetic fluids, based on magnetite nanoparticles stabilized by organic acids, in binary
mixtures of organic solvents was studied. A wide range of saturated and unsaturated organic stabilizers and
binary mixtures was used, and sedimentation curves for each binary mixture and each acid-stabilizer were
built.
By analogy with molecular refraction, a novel additive parameter S for characterizing of coagulation
activity of the medium was introduced. The parameter was defined as the sum of the group contributions (G)
of all the groups in the molecules contained per unit volume of the mixture. When plotting the curves of
optical density (concentration) versus S, the group contributions for a number of organic compounds were
selected so that most precipitation curves for each stabilizing acid were fitted to a single approximation
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curve. As an example, the curve set obtained for the magnetic fluid, stabilized by palmitic acid (C 16) and the
corresponding approximation curve are shown in Fig. 1.
Thus, the suggested parameter S characterizes a dispersion medium and allows the coagulation
behavior of magnetic fluids in organic media to be predicted.

Fig. 1 Relative concentration of magnetic fluid stabilized by palmitic acid as a function of the precipitant
molar concentration in the binary mixtures (on the right) and approximation curve (on the left). Components
of binary mixtures:Bu-1 - Butanol-1;BuAc - Butyl Acetate; Diox – Dioxane; EtAc - Ethyl acetate; Peth Petroleum ether; THF – Tetrahydrofuran.
«The reported study was partially supported by the Government of Perm Krai, research project No. С26/791»
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MESOPOROUS COBALT FERRITE NANOPARTICULATE SYSTEMS: SYNTHESIS,
MAGNETIC AND CATALYTIC PROPERTIES
Cezar COMANESCU1, Petru PALADE1, Victor KUNCSER1
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Magnetic nanoparticles (MNPs) featuring high surface area, narrow polydispersity and high
magnetization are materials typically used in biomedical fields (hyperthermia, drug delivery, contrast
enhancement in magnetic resonance imaging MRI). Size and morphology greatly influences the final
properties of the MNPs1-3, including their shape anisotropy. Cobalt ferrite nanoparticles have a spinel
structure and large anisotropy compared to other ferrites, making them good candidates in biotechnology and
medicine. The proposed synthetic approach uses a surfactant-asisted solvothermal strategy for better control
over the final properties of cobalt ferrite NPs.
The specific use of surfactants and reaction conditions (concentration, temperature and time of
hydrothermal treatment) led to a highly reproducible synthesis of nanoporous CoFe2O4 of sizes between 5-15
nm, narrow particle size distribution and high surface area (~200 m2/g). The obtained MNPs were fully
characterized with respect to both morphostructural and magnetic properties whereas their catalytic
properties were assessed in methylene blue (MB) degradation reaction. It has been proven that this novel
synthetic method is really suitable for tunable synthesis of monodisperse, mesoporous CoFe 2O4 with very
good magnetic and catalytic properties for targeted applications.
References:
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ROLE OF INTERFACE LAYER IN ELECTROCHEMICAL IMPEDANCE
SPECTROSCOPY OF IONIC ELECTROLYTES IN CELLS WITH DIFFERENT
THICKNESSES
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Due to the large range of electrochemical applications for batteries, fuel cells or dye-sensitized solar
cells the devices based on ionic liquid crystal electrolyte have been intensively studied and developed. To
investigate the conduction properties of ionic liquid crystal electrolytes – an interesting subclass of ionic
liquids – two compounds have been chosen for a comparative study: one ionic liquid crystal (1-dodecyl-3methylimidazolium iodide) and one ionic liquid (1-hexyl-3-methylimidazolium iodide). We have
investigated the ionic diffusion of I- and I3-in the two compounds sandwiched between two parallel charged
surfaces due to an applied voltage. A typical Bode plot in the frequency range 1 MHz–10 mHz shows at least
three relaxation phenomena. At large frequencies a hopping mechanism ensures the relative high
conductivity of ionic liquids. At medium and especially at low frequencies the buildup of double layers by
the electrodes is well observed. The strengths of the various relaxations are quite dissimilar by many orders
of magnitude. We have observed that some of these shortcomings can be overcome by making cells with
different thicknesses and plotting the ratio of the real or imaginary parts of the impedances. This procedure
drastically reduces the problems arising from the huge differences in amplitudes at different frequency zones.
If the system could be modeled by only one parallel RC the resistances of the two cells are strictly
proportional to the thickness and the ratio of the impedances would be just a constant. For several parallel
RC’s with different relaxation times, the ratio is no longer a constant. However, if one of the relaxations is
due to the bulk properties (normally proportional to the thickness) and the other to the surface effects (hardly
dependent on the thickness) the plot of the ratio presents strong ups and downs. We have observed that for
materials with small ionic concentration the plot of the ratio becomes rather flat. A model explaining the
deviation from the flat behavior of the ratio of the real and imaginary parts of the impedance, for sample with
different thicknesses, has been proposed.
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MEASUREMENT PROTOCOLS AND DYNAMIC J-V CHARACTERISTICS OF
PEROVSKITE SOLAR CELLS: THEORY AND EXPERIMENT
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The dynamic hysteretic effects represent an important hallmark in the J-V characteristics of perovskite
solar cells (PSCs). Recently, we proposed a unified picture for normal (NH) and inverted (IH) hysteresis in
samples subjected to bias pre-poling [1]. The experimental J-V characteristics are consistently described by
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the dynamic electrical model (DEM) [2], which introduces a time dependent description of the current and
internal polarization.
We explore in how far different measurement protocols may influence the dynamic J-V characteristics
of PSCs, from both theoretical and experimental point of view [3]. We show that high bias scan rates may
render the samples hysteresis-less, with apparent high power conversion efficiencies (PCEs), although the JV characteristics may be far away from the stationary case. The bias pre-poling and scan direction (F-R or RF) determine the hysteresis type, as indicated în Fig. 1. The PSCs investigated here are obtained by
successive spin-coating deposition of TiO2 thin and meso-porous layers, CH3NH3PbI3−xClx mixed halide
perovskite and spiro-OMeTAD on comercial glass/FTO substrate, with Au electrodes [4].
Fig1. A unified picture for NH and IH, the
hysteresis type depending on bias prepoling conditions and bias scan
direction
(R-F or F-R).

For a reliable characterization of the
dynamic hysteretic effects, we propose a new
hysteresis index, which consistently describes
both NH and IH, as the ratio between the area found between reverse (R) and forward (F) scans and the total
integrated power output of both R and F scans in (0,Voc) bias range.
[1] G.A. Nemnes et al., J. Phys. Chem. C 121, 11207 (2017).
[2] G.A. Nemnes etal., Sol. Energy Mater. Sol. Cells159, 197 (2017).
[3] G.A. Nemnes et al., arXiv:1803.00285 (2018).
[4] C. Besleaga et al., J. Phys. Chem. Lett. 7, 5168 (2016).
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SELF ASSEMBLY PROSESSES AND THEIR APPLICATIONS IN THE FIELD OF
ORGANIC SOLAR CELLS
Andreea Petronela CRIŞAN, Alexandra BOGDAN, Anamaria TEREC, Niculina Daniela HĂDADE, Ion
GROSU and Jean RONCALI
Babeş-Bolyai University, Faculty of Chemistry and Chemical Engineering, Department of Chemistry and
CSOOMC, 11 Arany Janos str., Cluj-Napoca, 400028, România
Self-assembly processes, involving hydrofobic, - (D-A), hydrogen bonding and CAHB (charge
assisted hydrogen bonds) were investigated in our group on various substrates, both in solution and solid
state. [1] The decoration of donors and acceptors employed in the building of organic solar cells with
substituents which can form supramolecular self assembled architectures in solid state influenced
considerably the photovoltaic performances of these components (Chart 1).

Scheme 1. Access to different pyrene and bipyrene derivatives
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The multistep synthesis and the structural investigations of compounds of type I-III, based on
multinuclear NMR experiments, (HR)MS spectra and photovoltaic properties are reported. The photovoltaic
properties are determined via absorption and emission spectra and cyclic voltammetry.
Keywords: self assembly, organic solar cells, photovoltaic properties
Aknowledgements: this work was financed by the Cooperativity Operational Program 2014-2020, Project
POC-37-220.
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FERROMAGNETIC MICROWIRES WITH LOW CURIE TEMPERATURE FOR SENSOR
APPLICATIONS
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National Institute for Research and Development in Electrical Engineering ICPE-CA, Bucharest - Romania
Our research work aims at obtaining and characterizing ferromagnetic materials with low Curie
temperature as microwires for their use in making a temperature sensor with use for aggressive chemical and
/ or corrosive environments. The solution consists in designing an experimental model using the new TaylorUlitovsky method, with low Curie temperature, using magnetic microwires, demonstrating the functionality
of the proposed model as an active part in a temperature sensor that allows the temperature to be measured in
the range of 20 to 200 °C. With regard to low Curie temperature alloys, we developed several alloys with this
property and the results were positive. Experimental results are reported in areas of interest for the purpose
of magnetic properties in Fe-Ni-Cr-B-Si and Fe-Ni-Cr-Co-B-Si alloys. The experimental set-up and some
results are also presented and discussed.
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LOW COST THIN FILMS TECHNOLOGY OF EARTH ABUNDANT ELEMENTS FOR
ENERGY AND ENVIRONMENT
Khalid NOUNEH
Laboratory of Physics of Condensed Matter (LPMC), Department of Physics, Faculty of Science, University
Ibn Tofail, BP.133-14000 Kénitra, Morocco.
In this work, we will review our progress on the field of thin films and nanostructures for energy and
environment applications. First we will present the growth and morphology of ZnO pure and doped thin
films by ultrasonic spray mist CVD (US-CVD) and SILAR techniques. We will report also the fabrication of
CZTS thin films by electrodeposition. In this work we will describes differents thin films technologies USCVD, hydrothermal1, SILAR and electrodeposition techniques and their potentiality for the development of
high quality thin films for energy and environment application.
For Plasmonics effect on PV application and catalysis, an easy approach to attach and grow dense
and uniform metallic and bimetallic gold-silver nanoparticles on indium tin oxide (ITO) was also validated
2,3
.
The results evidence a uniform layer of undoped and doped ZnO layers by mist CVD technics and narrow
size distribution of MNPs on solution and onto the transparent substrates.
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The as-prepared samples were characterized by a set of experimental technique including zeta-sizer,
UV-visible spectroscopy, XRD analysis, atomic force microscopy (AFM), scanning electron microscopy
(SEM), High-resolution transmission electron microscopy (HRTEM).
Keywords: Ultrasonic Spray Assisted CVD, seed-mediated growth, zinc-based thin films, Metallic
nanoparticles.

Figure: FE-SEM images of AgNPs on ITO (A) with treatment of cysteamine (B) without treatment
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MEASUREMENT OF OPTICAL CONSTANTS IN P3HT AND P3HT:PCBM THIN FILMS
BY SPECTROPHOTOMETRY AND SPECTROSCOPIC ELLIPSOMETRY
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Knowing the advantages of polymers regarding the facile manufacturing and low processing costs,
the flexibility, the optical properties and photosensitivity, a comprehensive study was realized on the optical
properties of highly regioregular (>98%) poly(3-hexylthiophene) (P3HT) and its blend in different weight
ratios (1:0.1, 1:0.2, 1:0.4, 1:0.8) with Methanofullerene Phenyl-C61-Butyric-Acid-Methyl-Ester (PCBM).
The P3HT films and P3HT:PCBM blend films were deposited by spin coating on glass substrates, with a
thickness of approximately 150200 nm, as measured by profilometry. From the experimental data provided
by spectrophotometry, it appears that the visible transmittance of these films depends on the polymer:
fulerene ratio, varying between 40 and 90%.
The measured ellipsometric spectra were simulated by appealing to dispersion formulas that govern
the ellipsometric models most suitable for the investigated samples. The best-fitted results led to the
determination of the refractive index, the extinction coefficient and the dielectric constant, thus establishing a
relation between the values of these constants and the weight ratio of fullerene in blend: the higher weight
ratio, the lower optical constants values are.
Keywords: organic thin film, spectroscopic ellipsometry, optical constants.
1.Antohe, S., S. Iftimie, L. Hrostea, V.A. Antohe, and M. Girtan. “A Critical Review of Photovoltaic Cells
Based on Organic Monomeric and Polymeric Thin Film Heterojunctions.” Thin Solid Films 642 (2017):
219–31.
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HIGH-PRESSURE NEUTRON DIFFRACTION FACILITIES ON IBR-2 REACTOR
S. E. KICHANOV1, D. P. KOZLENKO1, E. V. LUKIN1, A.V. RUTKAUSKAS1, B. N. SAVENKO1
1
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Undoubtedly, the influence of pressure on the materials leads to a change in its structure, and
therefore to a change in its physical properties. The use of high pressure is therefore interesting both in
fundamental research and in practical application. One of the main tools for observing structural, pressureinduced features of the compounds at the atomic scale level is the diffraction. Neutron diffraction not only
provides information on the crystal structure, but also can reveal the magnetic structure of the investigated
materials. It is sensitive to light elements contained in the compound, which makes it an important tool for
the study of organic compounds. However, the intensity of modern neutron sources is 3-4 orders of
magnitude inferior to sources of synchrotron radiation, where a micron-sized sample is sufficient for
obtaining information on the structure in seconds. Much larger volumes of the sample are needed for neutron
diffraction experiments. This circumstance sharply narrows the range of obtained pressures for neutron
diffraction experiments.
There are two unique facilities for studying the structure of micron-sized samples under high
pressure by neutron diffraction on the 12 and 6 beamlines of the IBR-2 reactor. The features of these
facilities, exactly as well as the features of the method of sample preparation and the creation of high
pressures for experiments, to date, make it possible to obtain a precise structure of the investigated
compounds at pressures up to 40 GPa. These features as well as some results of neutron diffraction
experiments at high pressures are described. The possibility of facility’s improvement, due to progress of
high-pressure cell design, neutron focusing and detectors, are discussed.
This work has been supported by RFBR grant # 18-02-00359 - A
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INVESTIGATION OF SUPERCONDUCTING-FERROMAGNETIC V/FeV/Nb AND
Nb/CuNi LAYERED NANOHETEROSTRUCTURES BY TIME-OF-FLIGHT POLARIZED
NEUTRON REFLECTOMETRY
Vladimir ZHAKETOV1, Yury NIKITENKO1
1

Joint Institute for Nuclear Research, Dubna, Russia

Magnetic properties of superconductors (S) and ferromagnets (FM) are opposite to each other, the
magnetic field is freely penetrate in the FM, while S try to expel it. Ferromagnetism aligns electrons spins
parallel, while superconductivity is antiparallel (Cooper pairs), so that both phenomena are antagonistic by
nature. But these antagonists can coexist. Such a phenomenon can be realized, for example, in layered
nanoheterostructures FM/S type [1-3]. An actual method for studying magnetism of such structures is the
polarized neutrons reflectometry (PNR). Methodic make it possible to get magnetic and nuclear profiles in
the depth of the structure, off-specular and grazing incidence neutron scattering make it possible to register
various structural inhomogeneities in a large range of sizes from 1 nm to 100 μm. In this paper, we
investigated layered structures of V/FeV/Nb and Nb/CuNi type [4-6]. Magnetic and superconducting
properties were tested using SQUID magnetometry. Dependence of the magnetic moment on the temperature
measured at different cooling regimes (zero and field cooling) showed the presence of the superparamagnetic
state in the FM-layers above Tc and paramagnetic Meissner effect below Tc. In neutron measurements,
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neutron scattering out of coherent channel of reflectivity and refraction was observed, and thus the method of
grazing incidence neutron scattering in real time on the time-of-flight polarized neutrons reflectometer was
developed. The time dependence of the scattering cross-section of V(150nm)/FeV(19nm)/Nb(150nm)
structure measured in the range of magnetic field 25-10000 Oe showed that typical relaxation times differ for
the temperatures above and below Tc of Nb(6.8 K) and V(4 K). The strongly correlated electron systems are
often characterized by the relaxation behavior. Two examples are vortex motion in the S and ferromagnetic
domains in the FM; both are characterized by time-relaxation behavior on the scale of minutes to hours [7,8].
Keywords: polarized neutron reflectometry, superconductivity, magnetism, layered nanoheterostructures.
References
1. P.W. Anderson and H. Suhl, Phys. Rev. 116, 898 (1959).
2. L.N. Bulaevskii, A. I. Buzdin, Zh. Eksp. Teor Fiz 94, 256 (1988).
3. F.S. Bergeret, K.B. Efetov, A. I. Larkin, Phys. Rev. B 62, 11872 (2000).
4. V.D. Zhaketov, Yu.V. Nikitenko, A.V. Petrenko et al. // JETP 152 p.565-580 (2017).
5. V.D. Zhaketov, Yu.V. Nikitenko, F. Radu et al. // JETP 151, num. 1, pp. 132-150, 2017.
6. V.D. Zhaketov, A.V. Petrenko, S.N. Vdovichev et al. Magnetic state resumption in the ferromagneticsuperconducting heterostructure. // Submitted to JETP, 2018.
7. D.K. Lottis, R.M. White, and E. dan Dahlberg, Phys. Rev. Lett. 67, 362 (1991).
8. R.D. Kirby, J.X. Shen, R.J. Hardy, and D.J. Sellmyer, Phys, Rev. B 49, 10810 (1994).
S1 O16

INFLUENCE OF THE CONCENTRATION OF BORIC ACID ON THE PROPERTIES OF
ELECTRODEPOSITED CZTS THIN FILMS
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This work involves the synthesis and characterization of CuZnSnS4 (CZTS) layers. The films were
prepared on Mo/glass substrate by ecofriendly and simple single-step electrodeposition method followed by
sulfurization and annealing at 500°C under Argon flow. The effects of acid boric concentrations on the
crystallographic structure, composition, morphology and optical properties of CZTS thin films were
investigated, with the objectif to understand the growth behavior and to enhance the film properties. The Xray diffraction (XRD) analysis showed the formation of the specific kesterite structure. The Raman spectra
confirmed the existence of the CZTS phases. The scanning electron microscopy (SEM) was employed to
inspect the films surface. The results indicated that the concentration of boric acid affects the physicochemical properties of the films.
Keywords:thin films, CZTS, electrodeposition, structural characterization, optical properties
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SYNTHESIS OF LAYERED HIGH Tc SUPERCONDUCTORS VIA SOL-GEL METHOD
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High-Tc superconductors found their way in both power applications and nanoelectronic devices.
Conventional methods of superconducting ceramic uses sintering of metal oxide micro-particles [1,2]. This
method is relatively simple, but has some disadvantages. It is relatively hard to ensure uniform distribution
and small dimensions of the precursors and it is necessary for large sintering time with eventual melting for
production of qualitative superconductors. In this work we elaborate a new method of curpate
superconductors production based on sol-gel method. We tested proposed method on production of YBCO
and BSCCO.
As precursors were used Yttrium(III) carbonate hydrate (Y2(CO3)3 · xH2O), Barium acetate
((CH3COO)2Ba) and Copper (II) acetate monohydrate ((CH3COO)2Cu · H2O) and Bismuth and Strontium
carbonates for BSCCO respectively. The precursors were transformed into citrate's to form the sol and
heated at 800C for condensation to gel. Finally the gel was calcinated to obtain the superconducting
polycristals. The quality of the superconductors was confirmed by evaluation of resistivity on temperature
dependence and existence of Meisner effect at 77K (liquid nitrogen boiling point). The structure of the
superconductors was analized by using AFM, SEM and XRD methods. An additional advantage of proposed
method is possibility of dirrect thin film production by dispersing of the sol on substrate with following
condensation and caltination.
Keywords: high-TC superconductors, synthesis, BSCCO, YBCO
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An weak link sandwiched between two superconductors is called a Josephson junction. Arrays of
Josephson junctions can be studied in the framework of capacitively coupled Josephson junctions with
diffusion current (CCJJ+DC) model [1]. The model describes phase dynamics of Josehson junctions arrays
with N insulating layers in presence of coupling (α) and dissipation (β). Previous works studied only systems
with low dissipation [2], due to large McCumber hysteresis zone in the IV-characteristic. In this study, we
investigate highly dissipative systems, formation of the Collective hysteresis on the IV-characteristic, origins
of it, and transition from non-dissipative to highly dissipative systems. This transition is accompanied by a
chaotic state which is characterized by positive Lyapunov exponent. Discovered phenomena can find its
applications in hardware superconductor-based chaos generators for cryptography [3].
28

S1 – Materials Physics

Acknowledgments:
This work was partially supported by the Romanian Ministry of National Education by the contracts PN 16
47 01 01 with UEFISCDI and PN 18 09 01 01/2018 and by projects 2016 / 25, 2017 /23 of JINR-Romania
collaboration. We would like to thank Yu. M. Shukrinov for providing initial version of simulation code for
Josephonn junctions phase dynamics evaluation in framework of CCJJ+DC model.
References:
[1] Shukrinov, Yu M., F. Mahfouzi, and Niels Falsig Pedersen. "Investigation of the breakpoint region in
stacks with a finite number of intrinsic Josephson junctions." Physical Review B 75.10 (2007): 104508.
[2] Shukrinov, Yu M., F. Mahfouzi, and M. Suzuki. "Structure of the breakpoint region on current-voltage
characteristics of intrinsic Josephson junctions." Physical Review B 78.13 (2008): 134521.
[3] Stojanovski, Toni, and Ljupco Kocarev. "Chaos-based random number generators-part I: analysis
[cryptography]." IEEE Transactions on Circuits and Systems I: Fundamental Theory and Applications 48.3
(2001): 281-288.
S1 O19

EFFECT OF WATER ADSORPTION ENERGY TO ELECTRICITY CONVERSION IN
THE YSZ - NANOPOWDER SYSTEMS
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The development of new efficient alternative energy sources is of key importance nowadays [1]. It
was found that exothermic chemical reaction on the semiconductor structure surface lead to the excitons
generation. Collected by heterojunction excitons create an electric current in external circuit. This effect is
similar to the photovoltaic mechanism of charge carriers generation was named “chemovoltaic” [2].
However, established effect not found practical application due to the the small yield of free charge carriers
(10-3-10-5 electrons on the chemical act).
In this work, an attempt was given to increase the specific effectiveness of chemovoltaic converter
by changing the planar function of heterojunction on three-dimensional structure with high chemical activity
of the surface.
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Atmospheric humidity was used as the adsorbate (energy source) whereas the wide band gap ZrO 2–
based nanoparticles of 7.5 nm - as the adsorbent The surface of a nanoparticle-gas formed a functional
heterojunction. Experimental results shows that “test device” with specific surface area of heterojunction
SBET = 128 m2/g produced over 20x10 -3W/m2 power density on the electrical load of 1 MOhm at relative
humidity of 90%. These It’s higher than efficiency of known analogues [3, 4]. Obtained effect indirectly
demonstrate the possibility of a new renewable energy source creation.
The work was supported through the project H2020/MSCA/RISE/HUNTER/691010 and RO-JINR Project
No. 323 / 21.05.2018 item 65
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Chalcogenide amorphous materials, such as Ge-Te alloys, are known to exhibit deposition dependent
optical and structural properties. The formation of a single and homogeneous amorphous phase is
questionable since the deposited films can be mixtures of monoelemental nanoclusters. In this work, we
employed co-sputtering from two distinct Ge and Te targets, respectively, to obtain a-GexTe1-x films. To
improve the homogeneity of the amorphous phase obtained by magnetron sputtering, the substrate
temperature can be varied from room temperature up to glass transition temperature. The samples were
investigated by X-ray diffraction, X-ray reflectometry, X-ray photoelectron spectroscopy and spectroscopic
ellipsometry. The film mass density, optical bandgap, refractive index dispersion and absolute reflectivity as
function of deposition conditions will be reported. X-ray photoelectron spectroscopy results can prove the
formation of the Ge-Te bonds at a certain substrate temperature, most probably due to the voids fill fraction
reduction and the decrease of the number of dangling bonds in the amorphous structure. This study
underlines the importance of optimizing the deposition conditions when willing to get a specific amorphous
phase required for fast phase-change needed in memory applications.
Keywords: Phase change materials; amorphous Ge-Te alloys; physical properties
Acknowledgement: The authors kindly acknowledge the financial support of the Romanian Ministry of
Research and Innovation in the framework of the TE 62/2018 (PN-III-P1-1.1-TE-2016-1997) and Core
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PHYSICAL PARAMETERS OF TRILAYER STRUCTURES IN FG
MEMORY BASED ON Ge NCs
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Lidia CIUREA
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Floating gate (FG) MOS capacitors based on Ge nanocrystals embedded in HfO 2 proved very good
memory characteristics [1, 2]. They are trilayer structures HfO2 gate oxide / Ge NCs in HfO2 floating gate /
HfO2 tunnel oxide / SiOx /p-Si prepared by magnetron sputtering deposition and rapid thermal annealing. In
the present paper, the frequency dispersion of their capacitance (C-f) and resistance (R-f) in the accumulation
regime was measured in the range 10 kHz – 1 MHz with an Agilent E4980A LCR meter and simulated in
order to determine the physical parameters of each layer of the trilayer structure. For this, a complex
equivalent circuit was considered, as a series combination of the equivalent circuit of each layer. In its turn,
each layer of the trilayer structure was modelled with an equivalent parallel RC circuit, while the series
resistance models contributions of both contacts and Si substrate. A very good fit of the simulated curves to
the measured frequency dispersions of both capacitance and resistance was found.
The fit enables the extraction of the physical parameters of the layers. The values found for the
resistivity and dielectric constant of each layer are compared with material parameters, and the observed
differences discussed based on the processes taking place during growth and thermal annealing, as revealed
by electron microscopy and X ray photoelectron spectroscopy analyses [2]. A discussion of the importance
of each element in the equivalent circuit is also done in the paper. For example, moderate values of the series
resistance have a strong effect on capacitance dispersion at high frequency. The contribution of the
interfacial SiOx layer is also very important [3].
Keywords: physical parameters, nanocrystals, trilayer structure.
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The investigation of barium ferrites partially substituted with different ions (Co, Sc, Ti, Al, Cr, etc.)
[1, 2] has attract an attention due to their high functional properties. The combination of a high coercive
force (Hc∼160–55 * 103 A/m) with a sufﬁciently high residual induction allows to receive permanent
magnets with a satisfactory speciﬁc magnetic energy. Their high electrical resistivity (ρ∼108 Ohm* cm)
allows to use hexaferrite magnets in the presence of high-frequency magnetic ﬁelds. Currently, these
materials have received practical application in magnetic recording devices of information [3], as permanent
magnets [4] and absorption area of decimeter and centimeter electromagnetic radiation.
Recently, a large ferroelectric polarization was found in barium ferrites with hexagonal structure [5,
6] that opened a new direction for potential multiferroic candidate to the conventional ferromagnetic oxides,
such as BaFe12O19, which holds similar perovskite-like lattice units in its hexagonal structure. The perovskite
BiFeO3 shows weak magnetism, which somehow limits its practical application. Therefore, preparation
materials where a large ferroelectricity and strong ferromagnetism coexist would be a milestone for modern
electrics and functionalized materials. However, the reasons of appearance of ferroelectric polarization in
barium ferrites are still not clear.
All investigated BaFe12-xInxO19 (x= 0.1 – 1.2) samples have been obtained by conventional solid
reaction method. The reﬁnement their crystal structure have been carried out in frameworks of
centrosymmetric P6 3/mmc (№ 194) and non-centrosymmtric P63mc (№ 186) space groups. Analysis of
reﬁnement results allows explaining reasons of appearance electric polarization in barium hexaferrites as
result of unequal distortions of neighbouring octahedrons (tetraedrons and trigonal-bipyramids). The Curie
temperature and the total magnetic moment per formula unit decrease as the concentration of diamagnetic
ions is increased because of destroying the exchange interaction between neighboring magnetoactive ions.
The work was carried out with financial support by the JINR-Romania Scientific Projects (Grant no. 04-41121-2015/2020).
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We construct a Fermi liquid theory to describe transport in a superconductor-quantum dot- normal
metal junction close to the singlet-doublet (parity changing) transition of the dot. Though quasiparticles do
not have a definite charge in this chargeless Fermi liquid, in case of particle-hole symmetry, a mapping to the
Anderson model unveils a hidden U(1) symmetry and a corresponding pseudo-charge. In contrast to other
correlated Fermi-liquids, the back-scattering noise reveals an effective charge equal to the charge of Cooper
pairs, e∗ = 2e. In addition, we find a strong suppression of noise when the linear conductance is unitary, even
for its non-linear part.
Keywords: Kondo physics, quantum dots, Fermi liquid, superconductivity.
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Simple formulas for α-half-lives derived from the systematics of measured and calculated α-halflives [1-4] of superheavy nuclei, are used to predict the α-half lives of the nuclei around the expected double
magic nucleus 304120. Present α-half-life estimates for nuclei near closed shells are compared to available
data and results of other methods. We get almost identical α-half-lives for decays of 104Te, 212Po and 308122
leading to known 100Sn, 208Pb or 304120 doubly magic nuclei. The competition between α decay and fission at
the closed shells is discussed.
Keywords: α-half lives, decay properties, competition α-fission.
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Mobile technologies, smaller and portable electromagnetic devices, has a huge progress in
electromagnetic devices which cause a high demand in mobile chargeable energy storage devices with better
performances than now. In this manner, countries support every effort and study to find out better storage
capacity devices such as Lithium ion batteries. Main target in the studies on this technology addresses lack of
portable energy sources with high performance and high durability. Lithium ion originated batteries became
a flag ship in the studies. In this study, influence of gallium doping in the Li 5Ca2La2Zr2O12 solid state
electrolytes' performances are probed on their electronic and crystal properties. Lithium-ion (LIB) batteries
have a major place in electronic technologies where mobility is important. Most important advantage of the
Li-ion batteries among other energy sources has a high energy storage capability with its portable size. It is
apparent that even a minimal effort to become a part of intensively ongoing researches in such a popular
subject is important for researchers.
Keywords: Crystal Structure; Electronic Structure; Li-ion Battery; Oxides ; XAFS
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In the AB-stacked bilayer graphene (BG), in contrast to the single layer graphene, one can induce a
non-zero bandgap by breaking the inversion symmetry of the two layers using a perpendicular electric field
[1], which is essential in field-effect applications. Moreover, the gap may be tuned by the magnitude of the
external electric field. Doping is another way to modify the electronic properties of BG systems.
Experimentally, nitrogen doped BG has been achieved by hyperthermal ion implantation [2]. Theoretical ab
initio investigations confirm the p-type and n-type electronic properties of BG doped with boron and
nitrogen [3]. We investigate here doped BG systems in the presence of external electric field, in the
framework of density functional theory (DFT) calculations, implemented by SIESTA package.

Fig1. Graphene bilayer structures with boron and nitrogen doping.
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Highly doped boron/nitrogen BG systems behave as degenerate p/n semiconductors, where the Fermi
energy depends on the doping concentration but also on the applied electric field. Increasing the electric
field, the gaps become larger and they shift towards the Fermi level, decreasing the effect of the extrinsic
doping. In this context, we discuss in how far the external electric field may suitably adjust the effective
doping in BG systems. Furthermore, we compare the formation energies for several group-III and group-V
dopants and the binding energies between the two graphene layers.
Acknowledgement: This work was supported by PN 18090205.
[1] Yuanbo Zhang et al., Nature 459, 820 (2009);
[2] C. D. Cress et al., ACS Nano 10, 3714 (2016);
[3] Y. Fujimoto et al., Surf. Sci. 634, 57 (2015).
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Exerting field effect control in monolayer graphene structures is problematic when using a stacked gate.
In order to induce a gap in graphene based structures several approaches were proposed: zigzag nanoribbons
(zGNRs) of small lateral sizes provide a small gap due to the antiferromagnetic coupling between the edges;
changing the chemical composition of the single layer graphene is another route, e.g. by inserting of hBN
domains or doping; other options include nanopatterning and the use of substrate influence.

Fig1. Graphene Y-junction based on 6-zGNR
nanorribons, with terminal 1 as inlet port and terminals
2 and 3 as outlet ports. The edges are hydrogen passivated.

We investigate here the ballistic transport in graphene Y-junctions under external electric field, as
depicted in Fig. 1. By setting the field orientation within the graphene sheet a significant current modulation
in the two outlet branches can be achieved. The transmission functions are calculated in the DFT-NEGF
framework using the SIESTA package [1,2]. We explore the particularities of the charge transport in
symmetric and asymmetric Y-junctions, focusing on the ability to tune the current between the two outlet
ports, by varying the electric field and the contact voltages. Spin polarized calculations indicate the
possibility of spin filtering even in the absence of an external electric field.
Acknowledgement
This work was supported by a grant of Ministery of Research and Innovation, CNCS-UEFISCDI, project
number PN-III-P4-ID-PCE-2016-0122, within PNCDI III.
[1] P. Brandimarte et al., J. Chem Phys. 146, 092318 (2017).
[2] J. M. Soler et al., J. Phys.: Condens. Matter14, 2745 (2002).
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SUBSTRATE TEMPERATURE EFFECT ON THE STRUCTURAL AND OPTICAL
PROPERTIES OF TIN OXIDE THIN FILMS
Nicolae TIGAU1, Simona CONDURACHE-BOTA1, Gabriel PRODAN2
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University of Galati, Romania, 111 Domneasca Street, 800201 Galati, Romania
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This work reports the preparation and structural and optical characterization of tin oxide (SnO 2) thin
films. The films were prepared by thermal vacuum evaporation of polycrystalline powder of the compound
in a residual air pressure of 5 10 -5 Torr. Cleaned microscope glass substrate were used. The substrate
temperature was kept constant during the film deposition and its values varied between 293 and 553 K.
Transmission electron microscopy (TEM) and atomic force microscopy (AFM) were performed on the study
of structural properties of tin oxide films with thickness of 0.45 µm. The optical properties of thin films were
investigated in the wavelength range of 300-1100 nm using a Perkin-Elmer double beam spectrophotometer.
The optical constants such as the absorption coeffiecient and optical band gap energy were determined from
transmission and reflection spectra. The correlations between optical parametres and the change in structure
of tin oxide thin films are discussed.
Keywords: tin oxide, substrate temperature, structural and optical properties.
S1 P6

HIGH-TEMPERATURE DEPOSITION OF BISMUTH OXIDE THIN FILMS BY PULSED
LASER ABLATION
Simona CONDURACHE-BOTA, Nicolae TIGAU
Faculty of Sciences and Environment, “Dunarea de Jos” University of Galati, Galati, Romania,
It is well-known that the temperature of the substrate during the deposition process of thin solid films
represents an essential parameter for the properties of the resulting samples. Moreover, in the case of oxides,
the substrate temperature, t S influences the stoichiometry of the films through the oxygen uptake. This paper
deals with the study of the influence of this crucial feature on the morpho-structural and optical properties of
bismuth oxide thin films deposited on glass by pulsed laser ablation. The choice of the subject is of particular
interest due to the high number of intermediate bismuth oxides that can form during the oxidation process,
along with the also high number of polymorphs of the stoichiometric oxide, namely bismuth trioxide, whose
coexistence is often encountered and leads to difficult interpretation of the experimental data related to the
complex structure. 266 nm laser pulses were used to ablate a pure bismuth target in oxygen atmosphere onto
microscope glass slides kept at high temperatures, between 300-600 degrees Celsius. It was found that the
oxidation degree increases with substrate temperature, while the crystalline peaks grow higher, as the AFM
analysis reveals. Instead, the refractive index in the visible spectral domain of the films decreases as t S
increases during the deposition process. Above 600 nm, the transmittance increases with t S, having in any
case values over 60 %.
Keywords: bismuth oxide, pulsed laser deposition, high substrate temperature, physical properties.
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INFLUENCE OF DEPOSITION PROCESS ON THE STRUCTURAL PROPERTIES OF Au
ULTRA THIN FILMS
Petronela PREPELITA
National Institute for Laser, Plasma and Radiation Physics, Magurele, Ilfov, Romania
Using the radio frequency magnetron sputtering (rfMS) method, were grown onto glass substrates
Au ultra thin films with thickness values in the range 2 – 13 nm. In this study, a stylus profilometer (Ambios,
XP–2) was used to measure the thickness of the ultra thin films.The structural, optical and electrical
properties of samples were investigated. The surface morphology of the obtained films was investigated by
AFM technique. Influences of deposition conditions on structural properties of these ultra thin films were
discussed based on XRD and XPS results. Transmittance spectra, in a double-beam configuration, were
recorded in the 190 nm – 3000 nm wavelength range and, from these, optical constants were obtained for the
Au thin films. Optical properties of these oxide films in the near infrared (NIR) range were described by the
Drude free electron model. The electrical conductivity was measured using the four points method.These
ultra thin layers present interesting for advanced technologies in terms of basic research and and new
potential research for the next-generation of the spatial microsatellites.
This research is supported by the National Authority for Research and Innovation in the frame of STAR
programme - contract 178/2017.
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EFFECT OF Pr3+SUBSTITUTED A-SITE OF LANTHANUM MANGANITE
La0.67Ba0.33MnO3NANOCRYSTALLINE: CASE OF EXPERIMENTAL AND
THEORETICAL CORRELATION ASPECT OF MAGNETIC PROPERTIES
Y. Essouda1,*, Ma. Oumezzine1, E. K. Hlil2, M. Oumezzine1
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2
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Nanocrystalline powders (around 100 nm) of La 0.67Pr0.33xBa0.33-0.33xMnO3 (x≤0.20) perovskites have
been synthesized by the sol-gel based Pechini method at low temperature. Substitution by the magnetic
trivalent element Pr3+ up to x=0.20 does not change the rhombohedral symmetry of the pristine sample
LBMO and causing only very small compression of the unit cell volume (≈ 1%), but it suppresses locally the
double exchange interaction causing a decrease of magnetic transition temperatures T C. By using the
molecular field theory of ferromagnetism, the experimental magnetization data were simulated using
the levenberg-marquardt algorithm in lsqcurvefit. Anexcellent agreement was found between the theoretical
and experimental data.
Keywords: Manganites, Magnetism, Molecular field theory

37

S1 – Materials Physics

S1 P9

STABILIZED ZIRCONIA CERAMICS
STUDIED VIA SPECTROSCOPIC METHODS
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Zirconia ceramics are widely used in aerospace, biology, medicine, nuclear reactors and accelerators
due to the excellent physical properties such as high hardness, small density, high plasticity, wear resistance,
good insulation performance and thermal conductivity.
Zirconia, ZrO2 is known to be a polymorphic material and can exist in three crystalline
modifications: low temperature monoclinic, and high temperature: tetragonal and cubic crystalline phases. At
present, tetragonal and cubic zirconia ceramics are considered to be one of the most promising materials for
science and technological applications.
The purpose of this paper is to evaluate the effect of Y2O3, SiO2, Fe2O3 and Na2O on phase
composition of zirconia ceramics. The structural investigations were performed by using X-ray diffraction
(XRD), Scanning Electron Microscopy (SEM) analysis, UltraViolet-Visible (UV-Vis) and
Photoluminescence (PL) spectroscopy.
The analysis of the XRD patterns showed that zirconia ceramics are a mixture of tetragonal and
cubic ZrO2 phases. The small quantities of monoclinic zirconia crystalline phase with an orientation (-111) at
28.24o and (111) at 31.5o were detected in the studied samples. The coordination number of the iron ions was
examined by X-ray absorption fine structure (XAFS) studies.
Keywords: zirconia ceramics, XRD, SEM, UV-Vis and PL spectroscopy, XAFS.
Acknowledgements: This research was supported by the Bridge Program Projects 2016 (BG77/2016) and
Mobility Projects 2017 (MC1008/2017).
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MICROWAVE DIELECTRIC PROPERTIES OF Ba2/3 Sr1/3TiO3
FERROELECTRIC THICK FILMS
Liviu NEDELCU1, Lucian TRUPINA1, Cezar Dragos GEAMBASU1, Marian Gabriel BANCIU1, Catalin
CONSTANTINESCU2, Damien PASSERIEUX3, Laure HUITEMA3, Aurelian CRUNTEANU3,
Frederic DUMAS-BOUCHIAT2, Corinne CHAMPEAUX2
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Ba1-xSrxTiO3 ferroelectric thin films have been extensively investigated over the last 20 years for
their integration in microwave tunable devices [1]. We recently obtained capacitors based on the
Ba2/3Sr1/3TiO3 (BST) films with very high tunability in the 100 MHz–10 GHz frequency domain [2].
However, the dielectric properties of the Metal-Insulator-Metal (MIM) capacitors are degraded by the
interface between BST and bottom electrode but the negative effect of the interfacial layer is decreased with
the increasing of the films thickness [3]. In order to reduce the extrinsic contributions, BST ferroelectric
thick films have been grown directly on low-loss substrates and their microwave properties are reported in
this paper. The samples with 5 m thickness were deposited by PLD (KrF excimer laser at 248 nm
wavelength, 20 Hz repetition rate and fluence of 4.5 J/cm2) on MgO and sapphire single-crystal MgO
substrates in identical condition with those reported in reference 2. Structural and morphological
2
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characterizations of the films were performed using X-ray diffraction, atomic force microscopy, and
scanning electron microscopy. The microwave dielectric properties of BST thick films were accurately
measured by using a resonant method; this is based on a cylindrical cavity associated with two identical
dielectric resonators placed face to face inside the cavity. Two cavities with TE 01 fundamental mode at 12.5
GHz and 20 GHz, respectively were used for extraction of the permittivity and the loss tangent.
Experimental data will be discussed and compared with those obtained on Au/BST/Ir/MgO ferroelectric
varactors [2, 3].
Keywords: Ferroelectric thick films; microwave properties.
Acknowledgements: This work was supported by a grant of the Romanian National Authority for Scientific
Research and Innovation, CCCDI – UEFISCDI project number 61/2016 (MASTERS), within PNCDI III.
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INFLUENCE OF BUFFER LAYER ON PHOTOVOLTAIC CHARACTERISTICS OF
CZTS THIN FILMS
Sergiu MACAVEI, Ovidiu PANA, Dana TOLOMAN, Maria STEFAN, Adriana POPA, Cristian
LEOSTEAN, Lucian BARBU-TUDORAN
National Institute for Research and Development of Isotopic and Molecular Technologies, 67-103 Donat,
400293 Cluj-Napoca, Romania
Cu2ZnSnS4 (CZTS) thin films are promising absorber materials in solar cells applications due to
abundant, nontoxic, and inexpensive constituent elements, and also to the ideal band gap of about 1.5 eV
with predicted maximum theoretical efficiencies over 30% [1]. However, to date, the efficiencies (η) of
CZTS devices (12.6%) are much lower than those of CIGS (21.7%) [2].
In a photovoltaic device, a buffer layer is usually deposited between absorber layer and transparent
conducting oxide (TCO). The role of buffer layer is to provide a suitable band alignment for efficient
separation of photo-generated carriers and to avoid the interfacial strain and defects which are associated
with the lattice mismatch between the absorber and the TCO layer [3]. The selection of buffer materials is
important to achieve better characteristics of solar cells. In this respect, CdS and respectively, ZnS have been
chosen as buffer layer.
CZTS thin films were deposited on Mo coated Sodalime Glass substrates by pulsed laser deposition
at 10 Hz laser repetition rate in vacuum at 450 ◦C. The kesterite phase without secondary phases was
obtained. Cu2ZnSnS4 thin films exhibited good crystallinity, large particles size and ideal energy band gap
(Eg = 1.5 eV), which meets the critical requirements for thin film solar cell performance. On Cu 2ZnSnS4 thin
films was deposited CdS and respectively, ZnS buffer layer and the influence of buffer layer on photovoltaic
characteristics was investigated.
References:
[1] D.B. Mitzi, O. Gunawan, T.K. Todorov, K. Wang, S. Guha, Sol. Energy Mater. Sol. Cells 95 (2011)
1421–1436.
[2] K. Kim, W. Shafarman, Nano Energy 30 (2016) 488–493.
[3] M. Nguyen, K. Ernits, K.F. Tai, C.F. Ng, S.S. Pramana, W.A. Sasangka, S.K. Batabyal, T. Holopainen,
D. Meissner, A. Neisser, L. H. Wong, Sol. Energy 111 (2015) 344–349.
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DEFECT GEOMETRY INFLUENCE ON GRAPHENE NANORIBBONS
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Increasing the functionality of 2D materials nanoribbons, through geometric modification or
inclusions of defects, is a topic of interest [1]. In a system in which the electron wave function is confined in
one direction, as in 2D materials, a further confinement of the electron wave function in another direction, as
in a nanoribbon of 2D materials, produces effects at nanometric scale, which have a major impact on the
electronic properties of nanoribbons.
In order to understand how the functionality of graphene nanoribbons can be enhanced by a defect, a
pore in our case, it is necessary to calculate first the electronic band structure of these nanoribbons.
The present contribution discusses the possibility of modifying the electronic properties of graphene
nanoribbons by embedding a pore inside them, addressing the issue of the influence of the dimension,
geometry and edge type (zig-zag or armchair) on the electronic band structure of the nanoribbons [2]. Monolayer, bi-layer and tri-layer graphene nanoribbons are studied, and different pore geometries and dimensions
are investigated. The electronic band structures are calculated using the simulation software NEMO5
(nanoelectronics modeling tool) based on the tight binding model [3].
Furthermore, for a better understanding of the nature of changing of the electronic band structure, it
is necessary to correlate it with a graphic representation of the probability density of the electronic wave
function, in the energy range of interest. Our contribution includes also such graphical representations,
focusing on the connection between the probability density and the pore geometry, and on the influence of
bound states of electrons on the electronic properties of graphene nanoribbons.
References:
[1] Pantelides, S., Puzyrev, Y., Tsetseris, L., & Wang, B..Defects and doping and their role in
functionalizing graphene. MRS Bulletin, 37(12), 1187-1194, (2012).
[2] Lin Du, Tam N. Nguyen, Ari Gilman, André R. Muniz, and Dimitrios Maroudas. Tuning the band
structure of graphene nanoribbons through defect-interaction-driven edge patterning, Phys. Rev. B 96,
245422, (2017)
[3] Steiger, S., Povolotskyi, M., Park, H.-H., Kubis, T., Klimeck, G., Nemo5: a parallel multiscale
nanoelectronics modeling tool. IEEE Trans Nano, 10, 1464, (2011).
Keywords: graphene nanoribbons, defects, electronic band structure.

Fig.1. Sample calculation of band structure of a nanoribbon with a pore.
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The use of ceramic materials such as zirconia, ZrO2 in dental applications is highly desirable because
of their excellent properties, including improved biocompatibility, wear resistance and chemical durability in
addition to aesthetics. Zirconia has three different crystalline structures, namely monoclinic (from room
temperature up to 1670 0C), tetragonal (between 1670 0C and 23000C) and cubic (>23000C) ZrO2 crystalline
phase. Most stable phase of monoclinic ZrO2 crystalline phase has limited practical applications due to its
volume expansion during cooling from the tetragonal phase.
To stabilize the cubic or tetragonal ZrO2 crystalline phases at room temperature was paid much
attention due to their high performances as solar cells, sensors, dental applications including the field of
biomaterials, novel catalyst, inert fuel matrix inside the core of nuclear reactors and accelerators. The
addition of divalent and trivalent cation dopants can stabilized the cubic and/or teragonal ZrO 2 crystaline
phases down to room temperature after sintering process.
The aim of the present study is to investigate the influence of Y 2O3, SiO2, Fe2O3, MgO and Na2O in
the stabilization of the high temperature zirconia ceramics. The investigation was performed by using X-ray
diffraction (XRD), Fourier Transform Infrared (FTIR) and Electron Paramagnetic Resonance (EPR)
spectroscopy. The influence of iron ions and oxygen deficiency on the local structure of the prepared
zirconia ceramics was examined by X-ray absorption fine structure (XAFS) studies. XRD patterns of
prepared samples show the formation of cubic and tetragonal zirconia crystalline phases. The analysis of the
IR spectra indicates that the fractions of tetragonal and cubic zirconia phases and bridging oxygen ions as
well as Si-O-Si and Zr-O-Si linkages were increased with increasing of cation contents for all studied
samples.
The paper will contribute to the understanding of the associated mechanisms with the formation of
tetragonal and cubic zirconia crystalline phases which are highly desirable in technological applications.
Keywords: zirconium based ceramics, XRD, FTIR, EPR spectroscopy, XAFS.
Acknowledgements: This research was supported by the Bridge Program Projects 2016 (BG77/2016) and
Mobility Projects 2017 (MC1008/2017).
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PREPARATION, CHARACTERISATION AND APPLICATION OF CoFe 2O4
DECORATED MWCNT COMPOSITE NANOPARTICLES
Cristian LEOSTEAN, Ovidiu PANA, Maria STEFAN, Adriana POPA, Dana TOLOMAN, Sergiu
MACAVEI, Lucian BARBU-TUDORAN
National Institute for Research and Development of Isotopic and Molecular Technologies, 67-103 Donat,
400293 Cluj-Napoca, Romania
Multi Walled Carbon nanotubes (MWCNTs) have attracted a lot of attention in last decades due to
their unique molecular geometry, the excellent electronic, thermal, and mechanical properties [1]. Their
excellent properties and significant potential applications in nanoscience and nanotechnology have received
a considerable attention in scientific studies and industrial applications.
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To date, many researchers have attempted to produce metal or metal oxide nanoparticles decorated
on multiwalled carbon nanotubes (MWCNTs). Cobalt ferrite (CoFe 2O4) is a promising magnetic material
because of its high coercivity and moderate magnetization, non-toxicity, eco-friendly and low cost [2-3].
In this paper we report a simple strategy for decoration of MWNTs with CoFe 2O4 nanoparticles by a
polymer wrapping-technique that is non-invasive, and does not introduce defects to the structure of CNTs.
First, the polyallylamine hydrochloride (PAH) polymer is noncovalently adsorbed on the MWCNT’s surface
due to the van der Waals interactions and mechanical anchoring. After this step, due to the presence of the
amine functionalities on the surface of CNTs, CoFe 2O4 nanocrystals can be covalently attached to
MWCNTs.
The composites were characterized by using X-Ray Diffraction (XRD), Transmission Electron
Microscopy (TEM and high resolution-TEM), X-ray Photoelectrons Spectroscopy (XPS), FT-IR
Spectroscopy. Also, magnetization behavior and photocatalytic properties were investigated. Electron Spin
Resonance (ESR) experiment coupled with spin-trapping technique was carried out in order to evidence the
production of reactive radical groups at the solid–liquid interface of MWCNT-CoFe2O4.
The results revealed that by adjusting the composition of components, one can control the decoration
efficiency and, by consequence the application areas of these composite nanoparticles.
Keywords: composite nanoparticles, CoFe 2O4, decoration, MWCNT.
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Zirconium dioxide, ZrO2 is a polymorphic material and exists in three polymorphic crystal forms:
monoclinic, tetragonal and cubic. The transition temperatures from monoclinic to tetragonal phase, from
tetragonal to cubic phase, and from cubic to liquid phase are 1200 0C, 23100C and 26770C, respectively. The
latter two polymorph forms of ZrO2 are high-temperature modifications, but they can be stabilized at lower
temperatures by two main methods, namely: i. the reduction of the crystallite size and ii. the use of different
dopants. Pure zirconia ceramics can move from the tetragonal to the monoclinic phase through a spontaneous
stress-induced martensitic transformation when cooling from a high temperature to room temperature. This
process is accompanied by an important variation in volume.
The low temperature formation of the tetragonal or cubic ZrO2 crystalline phase attracted substantial
attention because is responsible of the extraordinary properties (mechanical, electrical, catalytic and optical
properties) of zirconia.
The aim of the present study is to investigate the stabilization of the high temperature zirconia
ceramics at room temperature after sintering in presence of Y2O3, SiO2, Fe2O3 and MgO contents. Samples
were synthesized through a solid state reaction process [1] using as starting materials oxides of high purity in
suitable proportion. Homogenized mixtures were uniaxial compacted under pressure in the form of disks and
thus were sintered in alumina crucible at 1400 0C in an electric furnance for 2 hours.
The characterization of the prepared samples was investigated by using X-ray diffraction (XRD)
analysis, Scanning Electron Microscopy (SEM) analysis, UltraViolet-Visible (UV-Vis) and
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Photoluminescence (PL) spectroscopy. The analysis of XRD data suggests that all of these samples show the
retention of the high-temperature cubic and tetragonal zirconia phases.
Keywords: zirconia ceramics, XRD, SEM, UV-Vis, PL spectroscopy.
Acknowledgements: This research was supported by the Bridge Program Projects 2016 (BG77/2016).
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Metasurfaces (MTS) are interfaces with subwavelength thickness and subwavelegth spacing
nanostructures prepared for strong light-matter interactions. Localized Surface Plasmon Resonances
enhanced Angle-Resolved Evanescent-Wave Cavity Ring-Down Spectroscopy (LSPR&AREW-CRDS)
technique [1] is used to probe the confinement properties and optical losses of two MTS (Fig.1): a
semiconductor nanostructure embedded in oxide matrix on semiconductor substrate (vertically ordered
MTS1) for non-volatile memory capacitors and a plasmonic nanostructure (horizontally ordered MTS2) for
self-referencing LSPR biosensors in the visible range. Thus, it has been proved that LSPR can produce local
electromagnetic field enhancement factor of 10 14÷1015 in surface-enhanced Raman spectroscopy [ 2].
Enhancement factors at this level permit the observation of signals from single molecule, e.g. dye, antibody,
virus or bacteria adsorbed on surface nanoparticles. There is no single material that offers superior
performance for all applications in a given wavelength range. Similar to the way silicon revolutionized the
microelectronics industry, the development of alternative two-dimensional (2D) materials will explore and
develop new dimensions in the next-generation of nanophotonic devices and MTS technologies. We choose
Zr compounds (ZrO 2 and ZrN) to solve the requirements of both functional structures: ZrO 2 based nonvolatile memories address device downscaling (ZrO2 layer is tinner than HfO2 for gate oxide of capacitive
nanostructures) and ZrN based MTS enhance plasmonic characteristics of LSPR biosensors.
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Fig. 1 Experimental LSPR&AREW-CRDS system for measurements of MTS probes
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Recently mentioned as a potential soft magnetic alloy which may improve the writing characteristics
in thermally assisted magnetic recording medium [1], the quaternary Heusler compound CoFeZrSi was
chosen as a key material for the present study [2]. The first principle investigations were employed to
analyze the structure, electronic and magnetic properties with respect to potential application of CoFeZrSi in
spintronic.
The structural optimizations were performed with three types of atomic arrangements along the unit cell
diagonal: type I - Si(4a)Fe(4c) Zr(4b)Co(4d), type II - Si(4a)Zr(4c)Fe(4b)Co(4d) and type III with
Fe(4a)Si(4c)Zr(4b)Co(4d), respectively, and within 3 possible magnetic configurations: (i) ferromagnetic
(all spin of all atoms - parallel oriented), (ii) non-magnetic and (iii) ferrimagnetic (the spin of same atoms antiparallel oriented). The results shown that the type I crystalline structure with ferromagnetic configuration
has the lowest total energy and the optimized lattice parameter resulted (5.97 A) was adopted as a starting
point for further calculations. The density of states, band structures and magnetic properties were
investigated for optimized cubic structure.
The Curie temperature was estimated using two approximations: the spherical approximation, also called in
literature random phase approximation (RPA) [3] and the mean-field approximation (MFA) for a
multisublattice material [4].
Keywords: CoFeZrSi, electronic structure, magnetic properties.
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THE EFFECT OF INTERFACIAL DISTORTIONS ON THE HALF-METALLIC
PROPERTIES IN QUATERNARY HEUSLER COMPOUNDS
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The quaternary compounds XX’YZ are obtained from classical ternary intermetallic Heusler
compounds with the X2YZ stoichiometric composition as result of substitution by a different transition metal
X’ or a rare-earth element of one of the two positions of X atoms. The prototype for the structure of
quaternary compounds is either LiMgPdSn [1] or LiMgPdSb [2].
There has been much interest in recent years in engineering nano-structured materials comprised of
thin magnetic layers with half-metallic properties, grown either on substrates, buffers or antiferromagnetic
layers. However, reported results available in literature reveal that the unit cell distortions and disorders on
lattice sites are in the case of thin films, the biggest drawback for the production of half-metallic materials.
Within this context, we concentrate on the study of preservation of half-metallic properties of
CoFeZrSi in two cases:
1) the tetragonal distortion: the cubic unit cell was deformed into a tetragonal one, having the c/a
ratios 0.96, 0.98, 1.00, 1.02 and 1.04. In addition, the tetragonal unit cell volume had been
decreased/increased with -4%, -2%, 0%, 2% and 4%, from the optimized cubic unit cell volume.
2) the triclinic distortion potentially provided by lattice mismatch: the  angle of ab-plane considered
o
as 90 in the cubic primitive cell was decreased with 1 o (a = b ≠ c, α = β = 90o,  = 89o) as such, the system is
the least symmetric of the Bravais lattices, being described by a triclinic symmetry. The c/a ratios analyzed
were similar as in the tetragonal distortion, as well as the unit cell volume variations.
Keywords: interfacial distortions, quaternary Heusler compounds, half metallic properties
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HIGH TEMPERATURE PLASMA DEPOSITION OF NANOCRYSTALLINE GRAPHENE
THIN FILMS
Andrei AVRAM, Florin COMĂNESCU, Silviu VULPE, Octavian SIMIONESCU, Florin NĂSTASE,
Raluca GAVRILĂ, Adrian DINESCU, Vasilica ȚUCUREANU, Alina MATEI, Bianca ȚÎNCU, Monica
VECA, Cristina PACHIU, Octavian BUIU, Radu POPA
National Institute for R&D in Microtechnologies – IMT Bucharest
Nanocrystalline graphene (NCG) films are comprised of graphene domains on the order of a few
nanometers to up to tens of nanometers [1] and may be deposited on large diamter substrates [2] with good
uniformity and reproducibility using various methods. PECVD nanocrystalline graphene thin films are a
recent material development for carbon-based MEMS used in the fabrication of microstructures and NEMS
switches [3]. NCG growth is non-catalytic and its structure is similar to layers of polycrystalline graphene
with nano-scaled grains [4].
NCG deposition was performed in a high temperature capacitively coupled PECVD system on 100
mm Si wafers. Deposition was performed at 900 oC, in a CH4 and H2 (1.25:1) plasma at a pressure of 3 Torr.
Deposition time varied from 1 min to 60 min, in order to obtain NCG films with various thicknesses ranging
from 5 nm to 200 nm.
NCG films were characterized by Raman spectroscopy, using a laser excitation wavelength of 633
nm. Film thickness was estimated by spectroscopic ellipsometry. AFM measurements were performed to
measure the surface roughness for both Si/NCG and Si/SiO2/NCG samples. The interaction between NCG
and various chemicals (acids and solvents) frequently used in MEMS and IC fabrication technology was
evaluated by FTIR spectroscopy.
The obtained NCG films deposition process shows good uniformity over 100 mm wafers, with a
bulk resistance of ~6-8 kΩ*cm, low surface roughness and good chemical compatibility with classical IC
fabrication technology. Further research is focused on integration of NCG thin films in MEMS to develop
high sensitivity piezoresistive sensors.
Keywords: nanocrystalline graphene films, PECVD, carbon based thin films
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CRYSTAL AND MAGNETIC STRUCTURE OF THE ORDERED AND DISORDERED
MAGNETIC OXIDESPbFe0.5Sb0.5O3 and PbFe0.5Nb0.5O3: THE NEUTRON DIFFRACTION
DATA
B.K. ARGYMBEK1, S.E. KICHANOV1, D.P. KOZLENKO1,V. CHLAN2, E.V. LUKIN1, B.N.SAVENKO1
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Among the studying materials of modern condensed matter physics, the compounds based on iron
oxides with a structural type of perovskite occupy a special place. These materials have a wide range of
structural and magnetic properties depending on the temperature or high pressures. One of the interesting
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properties of those oxides PbFe0.5Sb0.5O3 and PbFe0.5Nb0.5O3 are the ordering and disordering of magnetic
and paramagnetic ions in a crystal lattice. This circumstance strongly effects on the magnetic properties, like
a wide range of unique magnetic structure from ferromagnetic to incommensurate ones.
My talk presents the results of the studies of crystal and magnetic structures of iron oxides with a
structural type of perovskite PbFe0.5Sb0.5O3 and PbFe0.5Nb0.5O3 over a wide temperature range using a
neutron diffraction at the DN-6 diffractometer of the IBR-2 high-flux reactor in JINR at the Frank
Laboratory of Neutron Physics.
Crystal structure of ordered perovskite PbFe0.5Sb0.5O3 describes by tetragonal symmetry I4/m, in
which iron and stibium atoms alternate between themselves. At low temperature, there is the appearance of
magnetic peaks that correspond to forming of antiferromagnetic phase with the propagation vector k = [½, ½,
0]. The structural mechanisms of the formation of this magnetic phase are discussed.
In disordered perovskite PbFe0.5Nb0.5O3, there is the appearance of antiferromagnetic ordering of Gtype at low temperatures. I present the crystal lattice parameters, bond lengths, the magnetic moments of iron
for this compound and discuss the models of crystal and magnetic structures forming in PbFe0.5Nb0.5O3 based
on experimental data.
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THE HIGH PRESSURE EFFECTS ON THE CRYSTAL, MAGNETIC STRUCTURE AND
VIBRATIONAL PROPERTIES OF Ca3Co2O6
Denis KOZLENKO1, Nadezhda BELOZEROVA1, Ngoc Toan DANG2, Natalia GOLOSOVA1, Sergey
KICHANOV1, Evgenii LUKIN1, Boris SAVENKO1
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The spin chain cobaltite Ca3Co2O6 combine clearly is of great interest from the fundamental physics
as well as from the applications angle due to novelties of the magnetic properties of this compound.
The temperature and magnetic field dependences of magnetization exhibit strange behavior such as
peculiar magnetic transitions and multi-step magnetization at very low temperatures, mimicking quantumtunneling behavior. In addition, the presence of the electric polarization and the existence of magnetoelectric
coupling were recently found in this compound.
Neutron diffraction experiments at high pressures can provide the accurate data set of structural
parameters for the high pressure phases of Ca 3Co2O6. Based on obtained pressure dependencies of
interatomic distances and angles, the nature of magnetic properties and magnetoelectric coupling in this
compound can be revealed.
The structural, magnetic and vibrational properties of Ca 3Co2O6 spin chain
compound
have
been
studied
by
means
of
neutron
diffraction
and
Raman
spectroscopy at pressures up to 6.8 and 30 GPa, respectively.
The neutron powder diffraction measurements at high pressures were performed at selected
temperatures in the range 10 - 290 K with the DN-12 diffractometer of pulsed high-flux reactor IBR-2,
(JINR, Russia).
Raman spectra at ambient temperature and high pressure were collected using a LabRam
spectrometer (HeNe excitation laser) with a wavelength of 633 nm, 600 grating, confocal hole of 200 μm,
and x50 objective.
A suppression of the initial spin density wave phase (T N = 25 K) and stabilization of the collinear
commensurate antiferromagnetic (AFM) phase at high pressures (T N = 26 K at P = 2.1 GPa) was observed.
The pressure behavior of the competing intra- and interchain magnetic interactions was analysed on
the basis of obtained structural data and their role in the formation of the magnetic phase diagram is
discussed. The pressure behavior of the Néel temperature of the pressure-induced AFM phase was evaluated
within the mean field theory approach and the good agreement with the experimental value dTN/dP = 0.65
K/GPa was obtained.
The pressure dependencies of the Raman-active vibrational modes of Ca3Co2O6 were obtained.
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INTERNAL STRUCTURE AND DYNAMICS OF ROSUVASTATIN CALCIUM BY X-RAY
DIFFRACTION AND NMR
Nadezhda BELOZEROVA1, Jan WĄSICKI2, Pawel BILSKI2, Alexandra PAJZDERSKA2,Sergey
KICHANOV1
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Statins have been widely used as cholesterol-lowering agents. Rosuvastatin is a relatively new statin,
sometimes also referred to as the superstatin, which has proven to be very effective in reducing cholesterol.
The special properties and potential benefit of rosuvastatin makes physicochemical studies on this drug
especially interesting from fundamental point of view and useful, since they can assist in the development of
generic forms and in production a safer, more stable and cheaper form of the drug. In addition, low aqueous
solubility of crystalline statins and reduced bioavailability is another problem, which required seeking for
alternative forms and formulations to ensure an accurate therapeutic window.
Since, rosuvastatin calcium is a relatively new drug, studies, aside from clinical trials, and especially
ones, which focus on the drugs physicochemical properties are few.
However, a comprehensive knowledge of the properties of the drug substance is essential to
minimize formulation problems in later stages of drug development, reduce drug development costs, and
shorten the time taken to bring the final product to market.
Therefore, the main objective of this study was detail investigation of rosuvastatin physical
properties and it's dynamics by means of group of methods: X-ray diffractometry and solid-state nuclear
magnetic resonance (NMR) spectroscopy.
Powder X-ray diffraction (XRD) analysis of each compound was carried out on an Empyrean
(PANalytical) diffractometer, using a CuKα radiation (1.54 Å), reﬂection-transmission spinner and PIXcel
3D detector, operating in the Bragg–Brentano geometry. The continuous 2Θ scans were collected at room
temperature, in the range of 5–60°, with a step size of 0.013°.
Nuclear magnetic resonance (NMR) measurements of the spin – lattice relaxation time T1 at different
temperatures from 77 K to 330 K were performed using a pulse spectrometer at the frequency of 25 MHz in
Radiospectroscopy Laboratory of AMU (Poznań, Poland). The second moment of NMR line for proton (1H)
was measured in a function of temperature (from 80 K to 330 K) by a continuous wave spectrometer
working for protons at the frequency of 28 MHz.
The examination of X-ray powder diffraction data showed that the compound exhibited a broad
‘halo’ which possesses no definite peaks, a result characteristic for an amorphous substance.
Theoretical calculations, which described the experimental data the best way, were carried out for
two processes (motion of two methyl groups). Values of energy barriers have been calculated by means of
method of atom-atom potentials for different combinations of motions of 4 methyl groups and isopropyl
group in the case of isolated molecule. The differences between the barriers for three methyl groups and the
value of barrier for the fourth methyl group were found in the case of isolated molecule.
Theoretical values of the second moment M2 (Gs2) was obtained by “Monte-Carlo” method for the
rigid and average structure. These values is in a good agreement with experimental ones. The main aspects of
the internal structure and dynamics of the studied rosuvastatin calcium are discussed.
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STRUCTURAL AND ELECTRICAL PROPERTIES OF N DOPED SiC
NANOSTRUCTURES OBTAINED BY MAGNETRON SPUTTERING METHOD
Vasilica Simona Burghelia1; Victor Ciupina2,5; Mariana Braic3; Rodica Vladoiu2;
Cristian P. Lungu4; Gabriel C. Prodan2
1. University of Bucharest, Faculty of Physics;2.Ovidius University of Constanta, Constanta, Romania; 3.
National Institute of Materials Physics, Magurele, Romania;4. National Institute for Lasers, Plasma and
Radiation Physics, Bucharest; 5.Academy of Romanian Scientists, Bucharest Romania
Si-C nitrogen doped thin films were obtained by Magnetron sputtering method using a Si-C bulk and
variating the temperature of the substrate and the quantity of the nitrogen. To increase the energy of N, C and
Si ions, -50V and -100V negative bias voltages was applied on the substrate. To characterize the structure of
as-prepared N-SiC coatings we used Transmission Electron Microscopy (TEM), Scanning Electron
Microscopy (SEM), Raman spectroscopytechniques.Electrical conductivity was measured comparing the
potential drop on the structure with the potential drop on a series standard resistance in a constant current
mode.
Keywords: SiC nanostructures, Magnetron sputtering method, TEM, RAMAN, electrical conductivity, N
doped, coatings
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CAPABILITIES OF PERMEABLE THERMOELECTRIC ELEMENTS
R.G. CHERKEZ
Chernivtsi National University,Ukraine
One of the most promising directions for the improvement of the thermoelectric powerconversion efficiency
is the use of physical models of thermoelements, where heat exchangewiththe heat source and heat sink is
realized not only at the junctions, as in conventionalthermoelements, but also in the bulk of the material of
the legs. A variant for theimplementation of such designs is the use of permeable thermoelements with
channels in thematerial of the leg cause the improvement of heat carriers.
The results of the research into prospective applications of permeable thermoelectric elements are
presented. Methods of the mathematical optimal control theory and computer simulation for the solution of
optimization in this model were described. Numerical method of successive approximations for
solving a multi-parameter optimization problem are described. By this method were solved and design
thermophysical parameters defined that deliver maximum values to energy conversion characteristics.
Research was carried out for different variations of permeable structures (channel, planar and segmented) for
thermoelements operating in electric energy generating modes, thermoelectric cooling and heating.
Computer aided computations of the optimal parameters for permeable thermoelements fabricated from
different
semiconductor
materials based
on
Ві-Те,
Pb-Te, Si-Ge,
Co-Sb,
Mg-Mn,
Pb-Te-G, Fe-Si were performed. Computation was performed on the impact of coolant flow and electric
current density on the temperature and potential distribution and energy characteristics. Optimal parameter
values — heat carrier flow rate, electric current density matched with temperature operating conditions of leg
segments whereby energy conversion process has maximum thermodynamic efficiency were defined. The
data obtained reveal the possibility of thermoelectric energy conversion improvement by factor of 1.1 to 1.5
as compared to conventional thermoelectric elements that work in the same conditions.
Keywords: thermoelectric element, permeable material, coefficient of performance.
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3D GRAPHENE/ZINC OXIDE COMPOSITE NETWORK FOR ELECTRODE
APPLICATIONS
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Virgil MARINESCU, Delia PATROI, Gabriela SBARCEA, Ioana ION
National Institute for Research and Development in Electrical Engineering ICPE-CA
313 Splaiul Unirii, 030138, Bucharest 3, Romania
The design and synthesis of electrode materials with applications in energy storage and conversion
or sensing has attracted an increased interest of researchers.
Optoelectronic, photocatalytic and fluorescent zinc oxide (ZnO) properties in combination with the
3D graphene network can lead to the development of composites with improved electrical and photocatalytic
properties. Combining ZnO with conducting materials such as carbon nanostructures (e.g., carbon nanotubes
[1], graphene [2], graphene oxide [3]) has shown an improved electrical conductivity of the final composite.
Because these ZnO/carbon composites already offer significant technological impact in a wide field of
applications, from batteries [4], to supercapacitors [5], and solar cells [6], the development of new synthesis
methods for conductive ZnO-graphene composite network with a large surface area has become one of the
main research focus in the field of electrode materials.
The porous 3D graphene network on nickel foam [7, 8] has been obtained by chemical vapor
deposition (CVD) at ambient pressure and 1000°C in the presence of hydrogen and methane.
In this work, a 3D graphene/ZnO composite network was developed using hydrothermal method and
magnetron sputtering technique to deposit zinc oxide directly on the 3D graphene network. The morphology
and the crystallinity of the zinc oxide deposited on the 3D graphene network have been investigated by
scanning electron microscopy, X-ray diffraction, and Raman spectroscopy.

SEM images of ZnO nanoparticles grown on 3D graphene substrate by hydrothermal process
Keywords: 3D graphene, CVD, zinc oxide, electrode.
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ON THE STABILITY OF COBALT FERRITE MAGNETIC FLUIDS INVESTIGATED BY
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Cobalt ferrite (CoFe2O4) is a hard magnetic material with high coercivity and moderate
magnetization. These properties, make CoFe 2O4 nanoparticles suitable for magnetic recording applications
such as audio and videotape and high-density digital recording disks, ferrofluids, etc [1].
Several CoFe2O4, nanoparticles synthesis processes are used, such as the sol–gel method, chemical
coprecipitation, spraying coprecipitation, forced hydrolysis in a polyol medium, forced hydrolysis and
combustion method, synthesis in oil-in-water micelles, synthesis in reverse micelles or thermal
decomposition of amixed Co2+–Fe3+ oleate complex, hydrothermal preparation method [2].
Water-based ferrofluids present the most complex microstructural behavior and their properties
improvement represents an important challenge in this field [2-7]. The knowledge about the insitu
microstructural behaviour of these systems is very important to understand and control the mechanisms of
their stabilization.
We report our results on the cobalt ferrite ferrofluids stability investigation by means of several
structural methods: SEM, TEM, XRD, SAXS and SANS.
The reported study was partially supported by the Government of Perm Krai, research project No. С-26/791
and RO-JINR Projects of 2018 year (Theme 04-4-1121-15/20).
Keywords: CoFe2O4 nanoparticles, ferrofluids, structure, stability.
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PREDICTING AND UNDERSTANDING MORPHOLOGY OF GdVO4 CRYSTAL: FIRST
PRINCIPLE STUDY
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Gadolinium orthovanadate (GdVO4) a tetragonal crystal system with I 41/ amd space group, due to
its chemical stability and high thermal conductivity, attracts a lot of interest as catalyst material and host for
rare earth ions used in luminescent displays. Also, the doped gadolinium orthovanadate is a suitable
compound for laser materials due to its higher thermal conductivity and broader emission and absorption
cross sections [1]. The aim of this paper is to investigate the external morphology of GdVO4 crystal and its
relationship with internal structure by models, based on first principle formalism. First, the Bravais-FriedelDonnay-Harker (BFDH) model [2] takes into account the crystal lattice and symmetry to predict that
reciprocal of the slice thickness is used as a measure of growth rate.
Second model predicts the equilibrium form of the crystal, drawn with Wulff criteria, depending on
specific surface energy. Last model used in this work is based on attachment energy (AE) [3] which is a
measure of growth rate. Larger attachment /specific surface energies give rise to faster grow and hence
smaller morphological importance. We present an accurate first principlestudy of the structure and
attachment/specificsurface energy of the low-index (101), (100), (001) and (211) of GdVO4 crystal faces, by
using Hartree–Fock/density functional SOGGAXC Hamiltonian and a localized all-electron Gaussian-type
basis set in the frame of the two-dimensional periodic slab model. The results of the various models are
compared both against each other and against the experimentally observed morphologies.
Keywords: GdVO4,first principle, BFDH, attachment energy, specific surface energy.
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INVESTIGATIONS ON MICROSTRUCTURE, ELECTRICAL, AND THERMAL
PROPERTIES OF TUNGSTEN BASED COMPOSITES
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In the last two decades, tungsten (W) and tungsten alloys have attracted considerable interest as
applicative materials with superior characteristics. Tungsten and tungsten alloys are considered to be the
most promising candidate material for future fusion reactors [1]. In this paper, tungsten based composites
that consist of 91wt% tungsten (W), 6wt% vanadium carbide (VC), and 1wt% graphite (C) were investigated
in order to determine the microstructural, electrical and thermal properties of the composites. The tungstenvanadium carbide- graphite (W-VC-C) composites were produced via mechanical alloying technique (MA)
at 6 hours alloying time. Mechanically alloyed composites were pressed uniaxially under a pressure of 500
MPa (APEXtm 3010/4 uni-direction hydraulic press) at the room temperature. The samples were sintered in
an AnterTM Dilatometer under inert Ar and reducing H2 gas conditions at 1750 oC. The average density of the
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sintered samples was obtained by Archimedes method. The phase composition, electrical, and
microstructural characterization of the tungsten composites were carried out using X-ray diffractometer
(XRD), scanning electron microscopy (SEM), electrochemical impedance spectroscopy, Raman
spectroscopy, and Small-angle neutron scattering (SANS). SEM images showed that tungsten (W), vanadium
carbide (VC), and graphite (C) phases are almost distributed homogenously in the tungsten matrix. Smallangle neutron scattering (SANS) measurements were performed at the time-of-flight YuMO spectrometer
situated at IBR-2 pulsed reactor. The Raman spectra exhibited two major peaks, which are recorded at
1331(vs) cm-1, and 1583 (vs) cm-1 in the Raman spectra. These bands are associated to carbon phases such as
disorder graphite (D), and graphite (G). Thermal analysis technique was applied to determine the weight loss
of samples in the range 30-1100 oC under argon gas atmosphere by thermogravimetric analysis (TGA).
Keywords: Tungsten matrix composites, Microstructure, Small-angle neutron scattering (SANS),
Thermogravimetric analysis (TGA).

Figure 1: TG/DTG curves of W-6wt%VC-1wt%C powders, m = 58,5745 mg, the heating rate in Ar
atmosphere is 10oK/min.
Reference: H. Bolt, V. Barabash, et al., J. Nuclear Materials, 329-333, 66-73. (2014).
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INFLUENCE OF DIFFERENT ADITIVE ELEMENTS ON MICROSTRUCTURE AND
MAGNETIC PROPERTIES IN ALNICO ALLOYS
Eugen MANTA, Delia PATROI, Eros-Alexandru PATROI, Alexandru IORGA, Mirela Maria CODESCU,
Virgil MARINESCU
National Institute for Research and Development in Electrical Engineering ICPE-CA, Bucharest - Romania
In this paper we study the influence of different additive elements on magnetic and structural
properties in alnico magnets. Alnico materials, alloys containing Al, Ni, Co, Cu and Fe, are functional
nanostructured alloys, which show great potential for replacing rare-earth magnetic alloys. Al-Ni-Co-Cu-Fe(Si, Ti, Nb, S) alloys were melted and cast in an induction furnace Laybold Heraeus type. There were
investigated magnetic and microstructural properties. The magnetic measurement made on Vibrating Sample
Magnetometer relives changes on remanence and coercitivity. These are strong correlate with α 1 and α2
formation and structure.
Keywords: Alnico alloys, magnetic properties
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MNBI ALLOYS USED IN MICRO- ELECTRICAL ENGINEERING
Florina Emilia CIULEI, Eugen MANTA, Mirela Maria CODESCU, Eros Alexandru PATROI,
Delia PATROI, Alexandru IORGA
National Institute for Research and Development in Electrical Engineering ICPE-CA, Bucharest - Romania
The paper aims to prepare diluted MnBi alloys used in spintronics and micro-electrical engineering.
In spintronics can be exploited the good transport properties verified in such materials as thin films, and
micro-electrical engineering for properties in magnetostrictive actuators, sensors and micro motors.
Development of micro technology opens a vast field of research, supported by new features increasing
motivation of microsystems. In the field of electrical and electronics magnetostriction applications, so far
have been limited to transducers for sonar, currently there are developing new micro-technologies where this
material plays an important role. New types of magnetostrictive micro actuators, micro sensors, micro
motors which are currently designs based on interdependence between the mechanical and magnetostrictive
properties of these materials.
Keywords: MnBi alloys, micro-electrical engineering, actuators
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DOPPED GLASS WITH NANOCRYSTALS FOR ENHANCED LASER EFFECT
Beatrice Gabriela SBÂRCEA1, Virgil MARINESCU1, Delia PĂTROI1, Marius LUNGULESCU1 Sorina
MITREA1, Eugen PAVEL2
1

National Institute for R & D in Electrical Engineering ICPE-CA, Bucharest Romania,
2
Storex Technologies, 020892 Bucharest, Romania

NaFY4 dopped by rare-earth ions is an interesting material with fundamental and technological
relevance. A series of novel β-NaYF4: Lu crystals were prepared by hydrothermal synthesis with different
concentrations. Lu addition modifies the growth process of the nanocrystals. Samples were characterized
first by X ray diffraction and SEM analysis coupled with EDS. Further more, we investigate the sample by
Raman spectroscopy to view an indirect laser effect. The main aim of this study is to obtain better optical
proprieties in laser domain for special glass dopped with this nanocrystals.
Keywords: nanocrystals, NaFY4, characterization, laser
Acknowledgements: This work was supported by a National Project PED 96/2017.
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METAL-ORGANIC FRAMEWORKS AS VEHICLES FOR FLAVONOIDS TRANSPORT
AND SEPARATION
Ioana-Georgeta GROSU1, Augustin MOȚ1, Maria MICLĂUŞ1, Xenia FILIP 1, Gabriela BLĂNIŢĂ, Irina
KACSO1, Claudiu FILIP 1
1

National Institute for Research and Development of Isotopic and Molecular Technologies, Cluj-Napoca,
Romania,

Limited water solubility of a large number of biologically active substances represents a major
impediment for the pharmaceutical industry due to the direct impact on the bioavailability. In order to
overcome this shortcoming several alternatives can be considered: drugs encapsulation in different carriers
such as polymers, dendrimers ciclodextrins and crown ethers or the development of new solid forms
(polymorphs, salts, co-crystals).
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Flavonoids are a class of naturally occurring compounds that are found in fruits, vegetables, nuts and
wine. They are widely recognized for their high antioxidant activity and other health beneficial effects (e.g.
prevention of cancer, heart diseases, hepato-protecting and anti-inflammatory character).Therefore they are
frequently used as nutraceuticals but also in cosmetic and pharmaceutical industry. However, they are known
for their extremely low water solubility.
Herein we present the results over a preliminary study concerning the encapsulation profile of
different flavonoids in MOFs. The aim of thjis study is to improve their poor bioavailability. For this purpose
we compared the uptake in the MOFs MIL-100 (Fe) and MIL-101 (Fe) of several flavonoids with
homologue structure.
Moreover, the MOFs were also tested for selective separation of flavonoids from natural extracts.
Keywords: metal-organic framework, flavonoid, drug delivery, separation
Acknowledgements: Financial support from the National Authority for Scientific Research and Innovation ANCSI, Core Programme, Project PN18-03 02 01 is gratefully acknowledged
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MAGNETIC FLUID HYPERTHERMIA RELATED ISSUES BY NUMERICAL
SIMULATIONS USING DEDICATED SOFTWARES
Nicusor IACOB1, Andrei KUNSER1, Victor KUNCSER1
1

National Institute of Materials Physics, Magurele, Romania

Magnetic fluid hyperthermia (MFH) is an alternative medical procedure in cancer therapy, based on
a temperature rise in diseased tissues by specific magnetic relaxations mechanisms. The technique is based
on the injection of a small ferrofluid volume, prepared by dispersion of superparamagnetic nanoparticles
(SPM-NPs) in liquid phase, in the target tissue in conjunction with application of a radiofrequency magnetic
field.
Numerical simulations of interest in solving specific MFH related issues, by Object Oriented
MicroMagnetic Framework (OOMMF) and Comsol Multiphysics software will be presented. The OOMMF
simulations bring information about magnetization dynamics of SPM-NPs taking into account the shape,
magnetic volume and dipolar interactions between particles at nano and micrometer level. These information
can be used as input parameters for solving the Heat Transfer Equation by Comsol Multiphysics in order to
evaluate specific absorption rates (SAR) for ferrofluid samples magnetically excitated with RF fields in
laboratory conditions. The influence of SPM-NPs specific parameters as saturation magnetization, magnetic
anisotropy energy, magnetic volume, blocking temperature, dipolar interactions and also RF field
characteristics (frequency and intensity) on MFH will be analysed and discussed. Finally, suitable parameters
for MFH optimization will be proposed.
Keywords: magnetic fluid hyperthermia, magnetic nanoparticles, numerical simulations.
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EVALUATION OF PHOTOVOLTAIC PANELS: OPTICAL NON-DESTRUCTIVE
VERSUS MECHANICAL TESTING METHODS
Nicolina POP 1, Roxana BEIU2, Corina MNERIE2, Gheorghe HUTIU2, Virgil-Florin DUMA2,3
1

Department of Fundamental of Physics for Engineers, Polytechnic University of Timisoara,
2 Vasile Pârvan Ave., 300223 Timisoara, Romania
2
3OM Optomechatronics Group, Aurel Vlaicu University of Arad, Arad, Romania
3
Doctoral School, Polytechnic University of Timisoara, 1 Mihai Viteazu Ave., 300222 Timisoara, Romania
The weight of photovoltaic (PV)-generated electricity in the energy mix has increased at an
accelerated pace and this trend is expected to continue in the future.Due to this boom in PV applications,
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there is a growing demand for data concerning incoming solar radiation [1] and for specified parameters of
PV panels [2].
The aim of the present study is to explore a range of testing methods for such a monitoring,
including:destructive mechanical investigation methods such as roughness and hardness measurements, as
well as a non-destructive method that can be used in situ, Optical Coherence Tomography (OCT) [3-10].
Optical and Scanning Electronic Microscopy (SEM) [10] are used to validate the experimental findings
obtained using the other assessment methods.
Two categories of samples were considered in the study: new and used PV cells. The used samples
have been exposed to various atmospheric conditions for several years. The changes in their structure and
properties are determined and discussed using all the three methods mentioned above. Consistent results
regarding the degradations of the used with regard to the new PV cells have been obtained and assessed.
Keywords: Photovoltaic cells; Non-Destructive Testing (NDT); Optical Coherence Tomography (OCT);
Scanning Electron Microscopy (SEM); Atomic Force Microscopy (AFM); mechanical testing.
[1] N. Pop, A. Pacurar, R. Boata, M. Paulescu, Int. J Green Energy, 11(8) (2014) 876-885.
[2] B.Nehme, N.K. M’Sirdi, Alecu, Energy Procedia 62 (2014) 565–575.
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[7] V.-F. Duma, et al, A. Podoleanu, Romanian Reports in Physics 67(4), 1346-1358 (2015).
[8] V.-F. Duma, et al, Rolland J. P., Appl. Opt. 54(17), 5495-5507 (2015).
[9] A. Cogliati, et al, V.-F. Duma, J. P. Rolland, Opt. Express 24(12), 13365-13374 (2016)
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EPITAXIAL GROWTH OF IRIDIUM THIN FILM AS BOTTOM ELECTRODEFOR
HIGH FREQUENCY TUNABLE CAPACITORS
Lucian TRUPINA1, Liviu NEDELCU1, Marian Gabriel BANCIU1, Alexandre BOULLE2, Laure
HUITEMA3, Valérie MADRANGEAS3, Aurelian CRUNTEANU3, Areski GHALEM3, Damien
PASSERIEUX3
1

National Institute of Materials Physics, Bucharest, Romania,
IRCER - Centre Européen de la Céramique 12, 87068, Limoges, France,
3
Xlim Laboratory UMR 7252 CNRS/University of Limoges, 87060, Limoges, France
2

Integration of ferroelectric materials with high electric-field tunability of the permittivity in
frequency tunable microwave components requires overcoming some technological issues. One of the
challenges is to develop a stable bottom electrode taking into account that the ferroelectric layer is obtained
in harsh conditions as oxygen atmosphere and high temperature. Iridium, may be a solution for overcoming
these limitations due to its high thermal stability, low oxygen permeability and good electric conductivity.
Experimental results on growth of iridium thin films on single-crystal MgO substrates with different
crystallographic orientations and growth of Ba 2/3Sr1/3TiO3 (BST) on Ir/MgO are reported.
Structural and morphological properties of the Ir films showed a strong dependence on MgO
substrate surface orientation as was revealed by X-ray diffraction and atomic force microscopy. The results
show that heteroepitaxial iridium thin films with different crystallographic orientation and notable atomic
scale smooth surface were obtained. The smallest value of FWHM corresponds to Ir(111) film and can be
explained by the natural tendency of fcc crystalline material to grow in the [111] crystalline direction. It is
noteworthy that when iridium is grown on MgO (100) or MgO (110) substrates its orientation is controlled
by the interface with the substrate indicating an optimum mix of kinetic and thermodynamic conditions
during deposition. The electrical resistivity measured by the four-point method for all investigated samples
was approximately 12 μΩ·cm.
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BST thin films grown on MgO(100) single-crystalline substrates with Ir(100) electrode shows a high texture
degree. X-ray diffractogram of BST/Ir(100)/MgO(100) shows only the h00 diffraction peaks of BST,
together with the h00 reflections of Ir and MgO, which corresponds to the following out-of-plane orientation:
(100)BST || (100)Ir || (100)MgO. The morphology of the BST film surface indicates a good crystallization
and densification. Surface roughness for 800 nm thick BST film is about 15 nm. The tunability for 10 V
applied voltage (corresponding to an electric field of 1.2 kV / cm) was determined to be approximately 63%.
Keywords: iridium, epitaxial, electrode
Acknowledgements: This work was supported by a grant of the Romanian National Authority for Scientific
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CORE-SHELL FePt-CuS MAGNETIC NANOPARTICLES AS CONTRAST AGENTS IN
MAGNETIC RESONANCE IMAGING
Simona GUTOIU1, Loredana SORAN1, Adina STEGARESCU1, Maria STEFAN1, Adriana POPA1, Dana
TOLOMAN1,Cristian LEOSTEAN1, Sergiu MACAVEI1, Ovidiu PANA1
1
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In the near future one of the biggest challenges regarding the research direction in nanomedicine is to
find nanomaterials which through their properties lead to precision in clinical diagnosis and therapy of one of
the most hard to accepted diseases - the cancer.
In order to diagnose cancer Magnetic resonance imaging (MRI) is a noninvasive and nonionizing modality
offering anatomical, physiological, and even molecular information within the bodies of living subjects. In
order to obtain a better information contrast agents which includ nanomaterials who modify the water proton
relaxation rates are necessary. To act in such way they typically need to be present in micromolar
concentrations [1].
Copper sulphide nanocrystals have been studied as contrast agents for T1-weighted MRI, due to the
presence of unpaired electron [2]. Here we successfully obtained FePt@CuS microspheres by a simple
chemical deposition method. The hard magnetic phase of FePt was obtained from precursor of iron (iron
pentacarbonyl-Fe(CO)5) and ptinum (platinum II acetylacetonate - Pt(C5H7O2)2). The reaction medium was
dioctyl ether and as dispersing agents, oleic acid was used. The reducing agent was 1.2 hexadecandiol. The
reaction took place in an inert atmosphere (argon current). The as obtained FePt nanoparticles were annealed
at 700 °C in reducing atmosphere (Ar+10%H2). In the second step the CuS shell was added using precursors
of copper (copper sulphate) and sulfur (sodium sulphide).
The elemental composition of materials was determined by XPS measurements, the structure and
microstructure was checked by XRD and TEM analyses. The magnetic properties were investigated by using
VSM magnetometry methods.
Keywords: Copper calcogenide, Contrast agents, Magnetic Resonance Imaging-MRI, Cancer terapy.
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INFLUENCE OF PROTON IRRADIATION ON THE DIELECTRIC PROPERTIES OF
PURE AND YbF3-DOPED BaF2 CRYSTALS
Marius STEF1 and Irina NICOARA1
1

West University of Timisoara, Faculty of Physics, Timioara 300223, Romania

MeF2 crystals (Me = Ca, Ba and Sr) are used as transmitting window over a wide wavelength range,
as fast scintillator involving emission at 195 nm and 220 nm and doped with rare-earth (RE) ions as laser
material. The trivalent RE-ions usually occupy a cation substitutional position in MeF2 lattice and charge
compensation is required in order to maintain the electrical neutrality of the system. The extra positive
charge is compensated by an interstitial fluorine ion. This indeed leads to a complex site structure including
so-called isolated centers, pairs (or dimers) of adjacent rare-earth ions, clusters, etc., depending on the nature
of the substituted cation, of the RE dopant and of the dopant concentration. In order to understand the optical
properties of the crystals it is important to know the type of the charge compensating defects that are format.
Local compensation by pairing of Yb3+ ions with interstitial F– ions create electric dipoles whose relaxation
are observed as dielectric relaxation.
The goal of this work is to study the dielectric spectra of the pure and YbF 3-doped BaF2 crystals in
order to obtain information about the influence of proton irradiation on the color centers formation in these
crystals. Pure and various YbF3 concentration BaF2 crystals have been grown using the conventional
Bridgman method. Transparent colorless crystals of about 10 mm in diameter over 5-6 cm long were
obtained in graphite crucible in vacuum (~ 10 -1 Pa) using a shaped graphite furnace [1], the pulling rate was
4mm/h. The optical absorption spectra (200-1000nm) reveal the existence of both Yb2+ and Yb3+ ions. From
the optical absorption (OA) spectrum of the BaF2:0.1m0l%YbF3 crystal after proton beam irradiation results
that no color centers are formed, no new absorption bands appear in the investigated spectral domaine, only
the intensity of the characteristic absorption bands of the Yb2+ ions in the UV domaine increase. Temperature
and frequency dependence of the complex dielectric constant (the dielectric spectrum) gives information
about the impurity-defect aggregates [2, 3].
The dielectric measurements were performed using a RLC Meter ZM 2355, over the temperature
range 150–300 K, at nine audio-frequencies 1–100 kHz. The real part of the dielectric constant, ε1, has been
calculated from the measured capacitance. The ε2 has been then calculated from D= ε2/ ε1 (D = tan δ is the
dielectric loss). The relaxation parameters (the activation energy for dipole reorientation and relaxation time
constant) have been calculated in order to characterize the observed relaxations. We assign the observed
relaxation to the trigonal type (C 3v) centres. The number of the dipoles, ND , that contribute to the dielectric
relaxation have been determined from the dielectric spectra; the correlation between ND and the optical
spectra has been also discussed
Keywords: calcium fluoride, dielectric relaxation, proton irradiation.
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ON THE FABRICATION AND CHARACTERIZATION OF SLOT WAVEGUIDES ON
SILICON AND ALUMINUM
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We discuss preliminary results related to the fabrication and characterization of slot waveguides by
local anodic oxidation (LAO) method, using silicon (Si) substrates and aluminum (Al) thin films deposited
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by direct current magnetron sputtering (DC-MS) onto optical glass. LAO working procedure was performed
using an A.P.E Research atomic force microscope (AFM), and the optical properties of prepared
configurations were analyzed by optical microscopy. The transmission coefficient, determined using a
powermeter, was analyzed as a function of excitation conditions.
The choice of 2D architectures is related to the final goal of this study: the fabrication and
characterization of plasmonic logic gates based on slot waveguides, and the gate dimension requires precise
control of the dimension of the slots. By using 2D materials, proper control of working parameters is ensured
leading to both rigorous control of gate dimension and fabrication tolerance.
Keywords: slot waveguide, LAO, plasmonic logic gates.
Acknowledgements: This work was financially supported by The Romanian National Authority for
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Mild steel, because of its low cost, is the most used material in fabrication of nut bolt, chains, hinges,
knives, armour, pipes, magnets, military equipments, cars, ships etc. This material have unique properties
such as: very cheap, high strength, hardness and easy availability [1].
The corrosion of varios metals (i.e mild steel, copper, boron steel, aluminum) is caused by the attack
of the environment on the metal. The extent corrosion attack with time was called corrosion rate. Corrosion
is normally determined by measuring the weight loss of the sample (gravimetric method) [2].
The aim of the present paper was to evaluate the corrosion inhibition effect of different commercial
extracts from insect and mollusk on mild steel using natural water.
The mild steel small coupons were used for different corrosion tests. The coupons was weighed and
then suspended in glass what contain small amount of natural water, without and with different amount of
commercial extracts (dragonfly and shellfish). After 24 h the coupons were taken out, washed, dried and
weighed accurately. The tests were performed at room temperature (25°C). without using any other aeration.
The corrosion rate was examined by gravimetric method. In order to evaluate the corrosion of mild steel,
corrosion rate and percentage corrosion inhibition efficiency were calculated. The pH of solutions that
contains natural water, without and with different amount of commercial extracts, were measured before and
after corrosion tests.
The results obtained shown that the corrosion rate of metal, after 24 h, decreases with increases the
amount of commercial extracts. The best value of percentage corrosion inhibition efficiency for metal was
more over 90%, when dragonfly extract was used. The commercial extracts reduces the corrosion rate of
mild steel in the natural water.
Keywords: corrosion, natural water, commercial extracts
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Titanium dioxide (TiO2), itself is a versatile material that finds applications in various products, such
as pigments, sunscreen lotions, electrochemical electrodes, capacitors, solar cells and even, as a food
colouring agent in toothpastes [1]. Titanium dioxide pigments are inorganic chemical products used for
imparting whiteness, brightness and opacity to a diverse range of applications and end-use markets,
including coatings, plastics, paper and other industrial and consumer products [2].
The aim of the present paper was to study the effect of silane precursor on formation of TiO 2
materials. Different dispersions of TiO2 were prepared using two type of TiO2 powders: TiO2 without dye
(blank) and TiO2 sensitized with dye (iron phtlalocianine tetracarboxylic acids [3]). These TiO 2 powders
were dispersed in ethanol, HCl (0.1 N) and acetylacetone, and modified with silane precursor
(methyltriethoxysilane, MTES). The resulted dispersions were deposited onto glass slides in order to analysis
the reflectance and thickness of the thin films.
Optical and structural characteristics of the obtained TiO 2 materials have been caried out by Fourier
transform infrared (FTIR) and ultraviolet-visible (UV-Vis) spectroscopy techniques, thermal gravimetric
analysis (TGA). FT-IR spectra of obtained TiO2 materials exhibit broad absorption bands located at ~1030
and ~1100 cm−1 (Si–O–Si stretching vibrations) and a shoulder at ~910 cm−1 (Ti–O–Si), confirming that the
silane react via a cross-link and covalently bond on the TiO2 surface. TGA analysis was performed on these
TiO2 materials in order to establish the main thermal events. Results obtained for TiO2 materials with MTES
shows the broad weight loss in the range of 400-550°C, which can be associated with additional
condensation reactions, that takes place at the surface of the inorganic skeleton, leading to further
crosslinking and water release. The reflectance’s of films at 550 nm were about 15.5% for TiO 2 materials
with MTES and 16.2% for TiO2 materials without MTES. The coatings visibly reduced the reflectance of the
substrate. These obtained TiO2 materials can be used for developing a new kind of products applied in
pigmants industry.
Keywords: titanium dioxide, silane precursor, thin films.
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In our days, an important goal of research activity is to find multifunctional system that can penetrate
and destroy just cancer cells without damaging normal cells. One of the physical methods that can be used to
kill malignant cells is hyperthermia based on magnetic nanoparticles. Similarly, the photothermic effect
produced by the excitement of surface plasmon resonances in internalized nanoparticles based on noble
metals may causes local heating followed by necrosis of malignant cells. The near infrared-pulsed laser may
activate this photothermal effect [1]. A number of researchers found that the magnetic nanoparticles covered
with gold, with or without different drugs included in an external shell of polyethylene glycol (PEG)
represents is a good candidate for multifunctional nano-platforms [2]. The goal of this work is the
preparation and characterization of Fe 3O4 (cubic)/ Au / PEG / folic acid / FITC nanocomposites designed as
platforms for cancer therapy. The preparation starts from iron(II) sulphate to get the cubic magnetite
nanoaprticles (average sizes of 30-40 nm). Then, by using gold acetate, the cubes were covered with 5 nm
Au nanoparticles followed by a sheet of PEG to get composite aggregates of about 80 nm. (Figure 1).

Figure 1. SEM image of Fe3O4 /
Au / PEG nanocomposites

Finally, folic acid and fluorescein isothiocyanate (FITC) were
added to enhance the selectivity and produce their fluorescence
respectively. These nano-platforms are characterized by
different techniques as XRD, XPS, SEM, TEM, fluorescence
microscopy and magnetic measurements. They will be
internalized in epithelial malignant cells to simultaneously test,
in vitro, their combined hyperthermia properties and
photothermic effects for cancer cell destruction.

Keywords: nanocomposites, magnetic, antitumoral.
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HYBRID ASYMMETRIC SUPERCAPACITOR WITH NOVEL 3D ORIENTED
GRAPHITE BASED NANOCOMPOSITE ELECTRODES
Mihai IORDOC, Aristofan TEISANU, Paula BARBU, Adela BARA, Gabriela SBARCEA, Virgil
MARINESCU, Marius LUNGULESCU
National Institute for Research and Development in Electrical Engineering, Bucharest, ROMANIA
Supercapacitors represent the future most promising energy storage and conversion devices. The
paper's aim is to develop and study a new hybrid asymmetric supercapacitor with a capacitor type electrode
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(negative electrode working as a power source) based on nanocomposite materials, consisting of oriented
graphite, electrochemically functionalized, decorated with transition metal nanoparticles, an electrode battery
type (positive electrode working as power source), made of oriented 3D graphite structures and conductive
polymer obtained by in situ electrochemical polymerization, lithium salts and redox mediators. The
functionalized oriented 3D graphite structure negative electrode deposited on a metal substrate is decorated
with transition metal nanoparticles by in situ chemical reduction to increase wettability, electrical
conductivity, and specific capacity. The positive electrode, also made of oriented graphite-type 3D
structures, deposited on a metal substrate, is electrochemically coated with conductive polymers to improve
the electrochemical activity of the electrode. The lithium salt electrolyte and redox mediators offer better
operational safety of supercapacitors, larger operating voltage domain, and the addition of redox additives
significantly increases the specific capacity and energy density of the supercapacitor by their redox electron
transfer reactions. All these aspects lead to a breakthrough innovations in the field of supercapacitor
research. Polypyrrole (PPy) provides not only additional capacitance as an active material, but also enhances
the adhesion between 3D oriented graphite structures and substrate. Furthermore, PPy acts as a conducting
binder for connecting every individual 3D entity to increase the capacitance. All samples were investigated
by SEM, XPS, contact angle, SAED, TEM and Raman spectroscopy. Also, they were electrochemically halfcell and full-cell tested by electrochemical impedance spectroscopy (EIS) at open circuit potential (OCP),
capacitance vs potential, chronopotentiometry in the voltage range of 0-3.7 V. All electrochemical
measurements were performed at room temperature in lithium salt electrolyte. When the noble metal used to
decorate 3Dgr/PPy is Pt, the composite electrode shows the highest capacitance of 4000 Fcm−2, and presents
high rate capability and excellent cyclic durability. Thus, obtaining an asymmetric supercapacitor with a
power density exceeding 20 W/g, a life cycle of hundreds of thousands of charge / discharge cycles with the
electrochemical stability above 85%, a higher energy density than 100 mWh/g and a specific capacity greater
than 500F/g, is an absolute novelty and create prerequisites for a future large-scale study.
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STRUCTURAL, MORFOLOGIC AND MAGNETIC PROPERTIES OF FeNi 3
NANOPARTICLES SYNTHESIZED THROUGH AN REDUCTION PROCESS ASSISTED
OF ULTRASOUND IN AQUEOUS SOLUTION
Teodora MĂLĂERU, Eros-Alexandru PĂTROI, Delia PĂTROI, Eugen MANTA, Virgil MARINESCU,
Beatrice-Gabriela SBÂRCEA
R&D National Institute for Electrical Engineering ICPE-CA Bucharest, Romania,
The synthesis of FeNi3 nanoparticles with controlled form and size has been of great technological
interest due to its high potential for use as magnetic cores for high frequency applications and reduced losses.
For magnetic nanoparticles, shape and size are considered to be two of the important features that affect their
magnetic properties.
In this paper we present a new ultrasonic assisted reduction process in aqueous solution, at room
temperature, using hydrazine as a reducing agent and hexadecylamine as stabilizing agent for the synthesis
of FeNi3 alloy nanoparticles.
The FeNi3 nanoparticles have been investigated by X-Ray Diffraction (XRD), Energy Dispersive Xray (EDX) spectrum analysis, Scanning Electron Microscopy (SEM) and Vibrating Sample Magnetometry
(VSM) at room temperature.
The XRD patterns of FeNi3 alloy nanoparticles show as when the molar ratio of Fe 2+ and Ni2+ is
equal to 1/3, Fe2+ and Ni2+ were completely reduced into Fe and Ni, resulting FeNi 3 with a face-centered
cubic crystal structure with diameter of crystalit around of 12 nm. Energy Dispersive X-ray (EDX) analysis
supported the presence of metal ions in the stoichiometric ratio of 1/3. SEM analysis showed that
nanoparticles of FeNi3 alloy have spherical structural morphology. Hysteresis loop show that the FeNi 3
nanoparticles a ferromagnetic behavior at room temperature. The saturation magnetization (Ms) is higher
than 95 emu/g and the coercitivity (Hc) is around 350 Oe.
Keywords: FeNi3 alloy, feromagnetic material, magnetic nanoparticles, reduction process.
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SYNTHESIS, CHARACTERIZATION, AND ANTIBACTERIAL ACTIVITY OF GREEN
SYNTHESIZED Fe3O4/CuO/Ag NANOCOMPOSITES
Manuela STAN1, Maria-Loredana SORAN1, Ildiko LUNG1, Ocsana OPRIS1, Cristian LEOSTEAN1, TeofilDanut SILIPAS1, Dan Cristian VODNAR2, Mihaela Diana LAZAR1, Alin Sebastian PORAV1, Maria
STEFAN1
1

National Institute for Research and Development of Isotopic and Molecular Technologies, 67-103 Donat,
400293 Cluj-Napoca, Romania
2
University of Agricultural Sciences and Veterinary Medicine, Department of Food Science and Technology,
3-5 Manastur Street, 400372 Cluj-Napoca, Romania
In the last years, hybrid nanostructures have shown an increased interest for nanotechnology
scientists because of their unique multifunctional applications in a variety of areas, including medicine,
engineering, catalysis, energy-based research, and environmental remediation. The development of facile,
cost-effective, and green methods for synthesizing different hybrid structures still remains a challenge for
researchers.
One of the major applications of nanomaterials is their antimicrobial activity, demonstrated by
broad-spectrum antibacterial properties against both Gram-positive and Gram-negative bacteria (e.g.
Staphylococcus aureus, Bacillus cereus, Escherichia coli, Pseudomonas aeruginosa, Salmonella
typhimurium, etc.), and antifungal properties, respectively. Previous reports have shown that impregnation of
nanomagnetic particles with silver (Ag), which exhibits antibacterial properties, increases the functionality of
both materials and enlarges their application area. Likewise, these studies have shown that silver
antibacterial effectiveness is stronger when it is bound with magnetite, Fe 3O4 [1, 2]. Copper oxide (CuO)
nanoparticles have also been reported to exhibit excellent bactericidal properties [3]. It has been emphasized
that the antimicrobial mechanism of action of nanoparticles is generally atributted to one of three models:
oxidative stress induction, metal ion release, or non-oxidative mechanisms. Moreover, these three types of
mechanisms can occur simultaneously [4].
In this work, Fe3O4/CuO/Ag composite nanoparticles were synthesized through eco-friendly green
synthesis procedures. The samples were characterized using various analytical techniques such as X-ray
diffractometry (XRD), Fourier-transform infrared spectroscopy (FTIR), transmission electron microscopy
(TEM), scanning electron microscopy (SEM), X-ray photoelectron spectroscopy (XPS), vibrating sample
magnetometry (VSM), and Brunauer-Emmett-Teller (BET) surface area analysis. The antibacterial activity
of the obtained nanocomposites was evaluated against various bacterial strains.
Keywords:Fe3O4 nanocomposites, nanoparticles, antibacterial activity, green synthesis
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ATR-FTIR VERSUS RAMAN SPECTROSCOPY USED FOR STRUCTURAL ANALYSES
OF THE IRON OXIDE NANOPARTICLES
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Nanoparticles have received considerable attention in the past decades due to the interesting
properties related to their size. Functionalized iron oxide nanoparticles stably dispersed in polar or non polar
fluids represent colloidal suspensions with superparamagnetic bulk properties (magnetic fluids) which were
more and more used in science, technique, biology and medicine. Applying co-precipitation method iron
oxide nanoparticles (IONPs) were prepared and after coated by using perchloric acid (HClO 4) and dispersed
in water. ATR-FTIR and Raman spectroscopies were used to investigate IONPs. The Raman spectrum was
registered using a commercial micro-Raman spectrometer Lab Ram HR800 from Jobin Yvon Horiba while
ATR-FTIR spectrum using Bruker ATR-FTIR Alpha spectrometer with ZnSe crystal. These two techniques
allow characterisation of samples without any specific preparation which have encouraged ours IONPs liquid
solutions analyses. The Raman spectrum revealed that magnetic core of nanoparticles is given by the
coexistence of magnetite phase (Fe 3O4) and maghemite phase (γ-Fe2O3) (Fig. [1]). These two phases have
identical crystal structures but have very distinct bulk Raman spectra. Transmission electron microscopy
(TEM) analysis has shown that the synthesized IONPs are mostly spherical and the size distribution of the
IONPs is 10.52 ± 3nm in diameter.

Fig.[1] - Raman spectrum of IONPs aqueous liquid solution
Keywords: iron oxide nanoparticles, Raman spectra, ATR-FTIR spectra, TEM analysis.
Aknowledgement: We greatly thank Dr. Ana Maria Racu of Institute of Condensed Matter Physics,
Technical University Braunschweig, Germany, for the Raman spectra recording.
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INVESTIGATIONS ON STRUCTURAL AND MAGNETIC PROPERTIES OF FeCo/Al 2O 3
NANOMATERIALS
Mirela Maria CODESCU, Elena CHIŢANU, Delia PĂTROI, Eugen MANTA, Jana PINTEA
R&D National Institute for Electrical Engineering, ICPE-CA, Bucharest, Romania
The high permeability and the low level of coercivity and of the power loss are characteristics
required for the soft magnetic materials to be efficient used in electrical engineering applications:
transformers, inductors, motors, generators. The currently commercial materials possesses an unacceptable
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level of power loss, while working at high frequency (up to MHz), the FeCo compound being one of the
materials with remarkable soft magnetic properties at low frequency, but his power loss increase
dramatically at high frequencies, the reason being his low resistivity. The paper investigates the morphostructural and magnetic properties of soft magnetic materials based on FeCo/Al 2O3 core-shell nanoparticles,
prepared by sol-gel technique. These nanocomposites combines the high saturation magnetisation of FeCo
compound with increased resistivity of Al 2O3 layers and lead to the decreasing of magnetic losses for the
bulk sized components, compared with the currently available soft magnetic alloys, used as metallic punched
sheets for the building of the magnetic cores in electrical machines. The main physical characteristics of the
Fe-Co/Al2O3 prepared nanopowders are: saturation magnetisation in the range of 100 - 200 emu/g, coercivity
around 14.35 kA/m and resistivity for the sintered bodies, in order of 10 14·m.
Keywords: soft magnetic nanopowders, electrically insulated, Fe-Co/Al2O3 nanoparticles
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Research, Development and Innovation STAR Programme - Technology Space and Advanced Research (ctr.
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EFFECT OF γ-IRRADIATION ON THE STRUCTURAL AND THERMAL PROPERTIES
OF ZrO2 NANOPARTICLES REINFORCED HIGH-DENSITY POLYETHYLENE
Asif NABIYEV1,2, Ahmed ISLAMOV2, Arif MAHARRAMOV1, Andrzej PAWLUKOJC2,3, Dmitry
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Polymer nanocomposite technologies have achieved an important position in the field of research
and development of polymer science and in radiation processing of polymer. Polymer nanocomposites
show great promise in numerous applications. The development of new multifunctional polymer
nanocomposites based on metal oxide fillers, as well as the study of their new properties, is an important
direction in the chemistry and physics of polymers, as well as in the field of new radiation-resistant
materials.
The objective of the present work is to investigate the effect of gamma irradiation on structural and
thermal properties of high-density polyethylene (HDPE) reinforced with inorganic spherical zirconium oxide
nanoparticles (ZrO2). The influence of filler nanoparticles on the structure of the polymer matrix, as well as
physical and chemical changes of the polymer matrix in the composite after exposure to γ-radiation, was
studied experimentally. The polymer nanocomposites were exposed to γ-irradiation at various (100, 200, 300
and 500 kGy) irradiation doses. The irradiation was performed using a 60Co source on the facility РХ-γ-30 in
the air at room temperature. The dose rate was 3.3 kGy/h during the irradiation.
The structural and thermal properties of the nanocomposites were studied by Fourier-transform
infrared spectroscopy (FTIR), Thermogravimetric analysis (TGA) and Differential Scanning calorimetry
(DSC). TGA data showed that the nano‐dispersion of ZrO2 throughout the polymer inhibited the irradiation
degradation of HDPE+ZrO2 blend, which led to the nanocomposites exhibiting superior irradiation‐resistant
properties than that of the pure blend. DSC calorimetry results indicated that the improvement for irradiated
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HDPE+ZrO2 blend was suppressed efficiently when ZrO2 was present. Increasing ZrO2 nanoparticles loading
from 1 to 20% was beneficial by improving the thermal properties of the nanocomposites but promoted a
rapid increase at high irradiation dose level.
Keywords: High density Polyethylene (HDPE), zirconium dioxide (ZrO2), gamma irradiation.
Acknowledgements: The work was supported through the JINR-Romania Cooperation Programme Project
of 2018.
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ATOMIC LAYER DEPOSITION OF HAFNIUM OXIDE FROM TETRAKIS
(DIMETHYLAMINO) HAFNIUM (TDMAH) AND WATER PRECURSORS
Florin NĂSTASE1,2, Raluca GAVRILĂ1, Mihai DĂNILĂ1, Marian POPESCU1, Florin COMĂNESCU1,
Claudia NĂSTASE1, Monica VECA1, Andrei AVRAM1,2, Silviu VULPE1,2, Mircea DRAGOMAN1,2
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Atomic layer deposition (ALD) has some unique capabilities, such as conformational deposition on
three-dimensional nanostructures or ultra-precise thickness control which makes it a propitious technique for
depositing dielectric thin films for CMOS technology. In the context of CMOS technology, degrees of
surface roughness is essential for the use of ALD on thin gate dielectric processes as well as in
nanotechnology.
In this work, we investigate the surface - interface properties of hafnium oxide (HfO2) thin films synthesized
from tetrakis(dimethylamino) hafnium (TDMAH) and water by atomic layer deposition on 100 mm silicon
wafers. Structure, film uniformity, roughness, the interface properties and electrical performance are
discussed.
Keywords: atomic layer deposition, hafnium oxide.
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ON THE STRUCTURE OF LITHIUM-PHOSPHATE GLASSES DOPED WITH IRON AND
VANADIUM IONS
C. ANDRONACHE1, M. BALASOIU2,3, O.L. ORELOVICH2, A.V. ROGACHEV2,4, A. PANTELICA3, D.
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Glasses containing transition metal ions are important materials for the science, technology, and
engineering, for their electrical, optical and magnetic properties that make them suitable for large number of
applications in many fields.
The obtained systems are new and detailed investigations of the resulted compounds are
necessary.
Scanning electron microscopy (SEM), X-ray diffraction (XRD), small angle neutron scattering
(SANS) and ion beam analysis (IBA) methods were applied for the study.
The glasses from the system x(Fe203∙V2O5)∙(100-x)[P2O5∙Li20] with 0< x < 50 mol%, are studied.
These materials have been prepared and characterized by magnetic susceptibility [1-3]. The iron and
vanadium ions generally modify in a different way the local structure of these glasses, depending on the
presence of the Li2O in the glass matrix. The results show the presence of antiferromagnetic or ferromagnetic
interactions between the iron ions and vanadium ions in the studied glass and temperature range. These data
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revealed that the valence states and the distribution of iron ions in the glass matrix depend on the Fe 2O3 and
V2O5 content, and can determine the decreasing of magnetic momentum (μ eff).
Keywords: Lithium phosphate glasses, SEM, XRD, SANS, IBA.
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POLYMERIC NON-WOVEN FOR UV PROTECTION
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In these work were obtained nonwovens polymer fibers using polyacrylonitrile (PAN), which were
coated with ZnO nanoparticles for UV protection. For the electrospinning process, PAN polymer solutions
was preparad by using dimethylformamide(DMF) as a solvent. To obtain the continuous and uniform nanomicrofibers, the voltage of the electrospinning process was varied. Last step was the coating of PAN
nonwoven with ZnO nanoparticle. Simple PAN and ZnO-coated PAN nonwoven were morphological and
optical characterized. As a result of these researches, ZnO coated PAN fibers were obtained with a UV
absorption with values above 95%.
Keywords: nonwoven, electrospinning, polyacrylonitrile, ZnO.
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THE COMPACT METAL OXIDE BLOCKING LAYER ZnO BY ULTRASONIC SPRAY
MIST-CVD FOR HYBRID PEROVSKITE SOLAR CELL
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In Hybrid Perovskite solar cell, compact oxide layer is important to prevent direct contact between
TCO and Perovskite 1. TiO2 is the most popular metal oxide used for perovskite solar cell, ZnO could be a
good candidate to replace TiO2, its show excellent performance in photovoltaic field which is comparable to
the TiO2.
ZnO is an n-type semiconductor with direct band gap Eg = 3.37 eV at 300 K, 2 which can offer a
good electron extraction and transportation due to band alignment with active layer of perovskite.
The typical thickness of a blocking layer ranges between 20 and 100 nm 1. In our study, Ultrasonic
Spray Mist-CVD technique 3 is used for deposition of ZnO compact blocking layer. This technique allows to
control the thickness and obtain a smooth, compact, and uniform layer of ZnO by optimization the deposition
parameters, the as prepared films were characterized The samples were characterized using X-ray diffraction,
and the surface images recorded using field emission scanning electron microscopy (FE-SEM) and UVVisible spectra (UV-VIS).
Keywords: Blocking layer ZnO, Ultrasonic Spray Assisted CVD, Hybrid Perovskite solar cell
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MAGNETIC BEHAVIOUR OF LITHIUM-PHOSPHATE SYSTEMS DOPED WITH IRON
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The glasses from the system x(Fe203∙V2O5)∙(100-x)[P2O5∙Li20] with 0< x < 50 mol%, are studied.
These materials have been prepared and characterized by magnetic susceptibility [1-3]. The iron and
vanadium ions generally modify in a different way the local structure of these glasses, depending on the
presence of the Li2O in the glass matrix. The results show the presence of antiferromagnetic or ferromagnetic
interactions between the iron ions and vanadium ions in the studied glass and temperature range. These data
revealed that the valence states and the distribution of iron ions in the glass matrix depend on the Fe2O3 and
V2O5 content, and can determine the decreasing of magnetic momentum (μ eff).
Keywords: Lithium phosphate glasses, Magnetic properties, Magnetic susceptibility.
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We report density functional theory (DFT) calculations of several oligomethine cyanine-based dyes as
well as complex dye-TiO2 nanoparticle systems, with applications to dye-sensitized solar cells. We
perform DFT and time-dependent DFT studies and provide the electronic structure and simulated UV-Vis
spectra of the dyes alone and adsorbed to the cluster. We discuss the matching of the absorption spectra
with the solar irradiation spectrum. We display the energy level diagrams and the electron density of the
key molecular orbitals and analyze the electron transfer from the dye to the oxide.
**M.A.G and C.I.O acknowledge the financial support received from SNSF and UEFISCDI under the
Romanian-Swiss Research Programme, through the grant RSRP #IZERO-142144/1—PN-II-ID-RSRP1/2012 and R.M.A.E. is grateful to the Science and Technology Development Fund, Egypt, for the
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This paper highlights the analysis of the structure and topological properties of betulinic acid
isopropanol monosolvate based on the MoPro software [1] and first principle calculations. The betulinic acid
was grown by recrystallization method and it belongs to orthorhombic system with the spatial group P
212121, and a= 6.9417 Å, b= 13.8559 Å, c = 31.6232 Å. Wang [2] highlighted the ability of betulinic acid to
form solvatomorphs, such as isopropanol. By adding the solvents, this leads to modifications of the
crystallographic structure and symmetry of crystal and the interactions of hydrogen bounds.
The experimental CIF of the betulinic isopropanol monosolvate, obtained from high-resolution X-ray
measurements, was refined with MoPro software. Also, the periodic quantum-mechanical calculations using
CRYSTAL14 [3] were performed for the optimized geometry starting from the experimental crystal
structure, with the DFT method, the B3LYP hybrid functional and using the 6-31G(d,p) basis set. Based on
these results we have investigated the electron densities of the crystal based on experimental and the
theoretical (.hkl) parameters. The structure of the title system was refined using the Hansen-Coppens
multipolar model [4]. The topological properties of the non-covalent and hydrogen bounds have been
investigated in both cases. The obtained results give more complete information on structure and topological
properties of betulinic acid isopropanol monosolvate. The results of the various models are compared both
against each other.
Keywords : betulinic acid; isopropanol monosolvate; electron density; topological properties;
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CRYSTAL AND MAGNETIC STRUCTURE OF TbBaCo1.91Fe0.09O5.5 COBALTITE
UNDER HIGH PRESSURE
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Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia
The studies of complex cobalt oxides have caused a wide scientific interest due to the great variety of
physical properties found in these materials, including the change in the spin states of cobalt ions, insulatormetal phase transitions, the giant magnetoresistance effect, various types of orbital, charge and magnetic
ordering. It has been obtained that these physical properties are determined by the nature of the unique
electronic configuration of Co3+ ions for which changes are characteristic of a nonmagnetic low-spin (LS, S
= 0) magnetic intermediate-spin (IS, S = 1) or high-spin (HS, S = 2) with a relatively small change in the
thermodynamic parameters: temperature or pressure [2, 4]. In this regard, the cobaltites are considered as
promising material for wide technological applications in the storage, recording the information, power
supplies, permanent magnets, etc
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Recently interest in anion-deficient complex cobalt oxides with the general chemical formula
RBaCo2-xFexO5.5 (where R = Pr, Nd, Gd, Tb, Dy, Ho, Y…) has been increased. This is related that in these
compounds all of the above physical phenomena are observed and doping with iron can lead to the formation
of new magnetic phases, which require detailed study. Also, these compounds are sensitive to changes in
interatomic distances, which can lead to a significant change in their physical properties.
Structural researches under high pressures provide a unique opportunity to study the relation between
changes in crystal structural parameters, interatomic distances and angles with changes in the magnetic
structure and macroscopic physical properties, which is necessary to understand the nature and mechanisms
of the physical phenomena observed in cobaltites and other highly correlated electron systems.
In our work, the results of the TbBaCo1.91Fe0.09O5.5 study are presented by means of the neutron
diffraction method at high pressures. The experiments were carried out on a DN-6 diffractometer which is
installed at the IBR-2 a high-flux reactor (Frank Laboratory of Neutron Physics, Joint Institute for Nuclear
Research, Dubna, Russia) using the high pressure cells with sapphire anvils in the range of pressures and
temperatures of 0 to 6.2 GPa and 5 to 320 K, respectively. The period of time for recording of one spectrum
was equal to 2 h. The pressure in the cell was measured by means of ruby fluorescence technique. The
diffraction spectra were analyzed by the Rietveld method using the FullProf program package. Changes in
the magnetic structure of TbBaCo1.91Fe0.09O5.5 have been found which are associated with the reorientation of
the magnetic moments of cobalt ions at high pressure.
The work has been supported by the Russian Foundation for Basic Research, grant 18-02-00359-a
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THE INFLUENCE OF HIGH PRESSURE ON THE MAGNETIC PROPERTIES OF
INTERMETALLIC COMPOUNDS YCo5 AND YCo4Si
A.V. Rutkauskas1), D. P. Kozlenko1), N.O.Golosova1), S.E. Kichanov1), B.N.Savenko1),
E. Burzo2,3), P. Vlaic4), M. Balasoiu 1)
1)

Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, 141980 Dubna, Russia
2)
Faculty of Physics, Babes-Bolyai University, 400084 Cluj-Napoca, Romania
3)
Romanian Academy of Science, Cluj-Napoca Branch, Cluj-Napoca 400015, Romania,
4)
University of Medicine and Pharmacy “Iuliu Hatieganu”, Cluj-Napoca, Romania

YCo5-xMx (M = Fe, Co, Ni) iIntermetallides are extensively studied, both from experimental and
theoretical points of view. Such phenomena as high anisotropy, giant magnetoresistance, magnetocaloric
effects, as well magnetoelastic lattice collapse are found in these compounds. That makes these compounds
promising materials for magnetic refrigerators, permanent magnets, etc.
The RCo5 and YCo5-xMx compounds crystallize in CaCu5-type structure with space group P6/mmm.
In this lattice the cobalt atoms occupy 2c and 3g sites and form ferromagnetic ordering. These compounds
are sensitive to changes in interatomic distances that can lead to significant changes in their magnetic
properties and the simultaneous using of high-pressure chambers gives opportunity to control the changes of
the interatomic distances.
In our work the results of the investigation of YCo5 and YCo4Si by the method of neutron diffraction
at high pressures are presented. A lattice collapse is detected due to a change of cobalt ions spin states from
the high spin to the low spin in YCo5. The Curie temperature reducing with different baric coefficients for
cobalt atoms in 2c and 3g positions is observed in YCo4Si under pressure.
This work was supported by the Russian Foundation for Basic Research (project no. 17-02-00112)
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DC MACROMODEL OF POWER CoolMOS TRANSISTOR
Sara LAAFAR1,*, Asmaa MAALI1, Najib BOUMAAZ1, Kamal BARAKA2, Abdallah Soulmani1
1

Department of Physics, Faculty of Science and Technologies, Cadi Ayyad University
Marrakech, Morocco
2
Department of Computer, networks and telecommunications, National School of Applied Science, Cadi
Ayyad University, Marrakech, Morocco
Device simulation requires two important steps; Setting up an accurate model in order to reproduce
the device behavior faithfully and using a simple extraction method related to this model to define precisely
its parameters.
In this paper, a SPICE CoolMOS model is presented and validated by comparing the simulation
results under SPICE with the results of datasheets given by manufacturers. The proposed model incorporates
an intrinsic conventional MOS placed in series with a JFET and a voltage controlled voltage source within an
equivalent sub-circuit to describe the power CoolMOS static behavior. The model description, the extraction
methodology of all required model parameters and the simulation results will be presented and discussed
along the paper. The studied model simulation results show a good agreement with the measurements. It
gives less than 3.6 % as an average error for the output characteristics.
Keywords: SPICE, CoolMOS, model, static behavior
Acknowledgements:S.L. acknowledges Romanian Ministry of Foreign Affairs and Francophone
University Association (Agence universitaire de la Francophonie) for the 'Eugen Ionescu' research
scholarship.
S1 P58

SOFT MAGNETIC, ELECTRICALLY INSULATED NANOPOWDERS BASED ON Co
M. M. CODESCU, E. CHITANU, D. PATROI, E. MANTA
R&D National Institute for Electrical Engineering ICPE-CA Bucharest
The paper presents new Co-based magnetic nanostructured materials, with improved values of
magnetisation and electric resistivity in comparison with commercial ferrites, properties which recommend
them as potential candidates for transformers and inductors in electronic components.The magnetic
nanocomposites consist on magnetic nanocrystallites, arranged in a crystalline matrix (silicates, for
example), prepared using chemistry routes. After appropriate annealing, the main physical characteristics of
the Co/SiO2 prepared nanopowders are: saturation magnetisation in the range of 155 - 175 emu/g, coercivity
around 23,9 kA/m (300 Oe) and increased resistivities for the sintered samples, due to the presence of the
SiO2 layers.
Keywords: soft magnetic nanopowders, electrically insulated, Co/SiO2 nanoparticles
Acknowledgement: Financial support is gratefully acknowledged from the Romanian Space Agency: the
Research, Development and Innovation STAR Programme - Technology Space and Advanced Research (ctr.
STAR No. 176/2017 „Co-based magnetic nanostructured material with potential space applications”) and
from Ministry of Scientific Research and Innovation: The Romania - JINR Dubna Scientific Research
Cooperation Programme (bilateral scientific project "Co-based magnetic nanostructured materials with
potential space applications – synthesis and complex characterisation").
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IMPACT OF THERMAL TREATMENT UPON MORPHOLOGY AND CRYSTALLINITY
OF (ZnO/Al2O3)/TiO2 THIN FILMS DEPOSITED BY RF SPUTTERING
Silviu VULPE1, Florin NASTASE1, Andrei AVRAM1, Claudia NASTASE2, Octavian SIMIONESCU1,
Cosmin ROMANITAN2, Cristina PACHIU2, Bogdan BITA2,3,
Anca DUMITRU3 and Mircea DRAGOMAN1
1 National Research Institute for Microtechnologies, IMT Bucharest – CENASIC Departament,
2 National Research Institute for Microtechnologies, IMT Bucharest
3Faculty of Physics, University of Bucharest, PO Box MG-11, 077125, Magurele, Romania
In this paper, the influence of annealing temperature on of the structural, morphological and
electrical properties of (ZnO/Al2O3)/TiO2 thin films has been analyzed. Titanium Oxide (TiO2) and Zinc
Oxide (ZnO) thin films were deposited on n-type Si (100) wafers by reactive RF sputtering using a Titanium
and Zinc Oxide-Aluminium Oxide 2% (ZnO-Al2O3) as targets.
Phase composition and crystallinity of (ZnO/Al2O3)/TiO2 thin films for each annealing temperature
were characterized by X-ray Diffraction (XRD). Atomic Force Microscopy (AFM) and Scanning Electron
Microscopy (SEM) were used to investigate the surface roughness and morphology of the
(ZnO/Al2O3)/TiO2 thin films. Four point probe (KIETHLEY instrument) technique used to investigate the
electrical properties of (ZnO/Al2O3)/TiO2 thin films showing the corelation of average electrical resitivity
with its cristalinity, morphology and surface roughnes which are dependent on annealing temperature .
Keywords: Titanium Nitride, Zinc Oxide, RF sputtering.
Acknowledgments: The authors would like to acknowledge the support of the project POS CCE, O2.2.1, nr.
254/28.09.2010, Cod SMIS-CSNR: 14040 and the project PNIII -40 PCCDI-2018.
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STRUCTURAL, ELECTRICAL AND OPTICAL PROPERTIES OF AMORPHOUS TIN
OXIDE THIN FILMS PREPARED BY RF MAGNETRON SPUTTERING
Nora ZIANI1,2, Aurelian Catalin GALCA1, Mohammed Said BELKAID2, Ionel STAVARCHE3, Roxana
RADU1, Cristina BESLEAGA1, Ioana PINTILIE1
1

Multifunctional Materials and Structures Laboratory,National Institute of Materials Physics, Magurele,
Romania
2
Laboratory of Advanced Technologies of Genie Electrics (LATAGE), Mouloud Mammeri University
(UMMTO), TiziOzou, Algeria
3
Laboratory of Nanoscale Condensed Matter,National Institute of Materials Physics, Magurele, Romania
In this work we have explored the possibilities of using amorphous tin oxide as semiconductor in thin film
transistors (TFT), which has been reported as a transparent alternative of barely opaque silicon [1].
Amorphous tin oxide thin films have prepared by radio frequency magnetron sputtering using a ceramic
SnO2 target, by varying the working pressure. The target to substrate distance is approximately 17 cm and
the substrate temperature was around room temperature (note the plasma heating effects). The properties of
SnO2 (e.g. crystalline structure, thickness, refractive index dispersion, optical band gap, resistivity, activation
energy, free carriers concentration, carriers mobility, carriers majority type, scattering time, post annealing
changes) have been inferred from X-ray diffraction, spectroscopic ellipsometry, conventional UV-Vis
spectroscopy and specific electrical measurements (transversal I-V, transversal R-T, four point probe, Hall
measurements).
The TFTs based on SnO2 were made by a standard procedure developed at NIMP. I-V characteristics of the
produced TFTs (threshold voltage, field effect mobility, Ion/Ioff ratio) will be presented.
Keywords: Thin films, SnO2, sputtering, electrical properties.
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EFFECT OF Pt INTERLAYER ON GROWTH MECHANISM OF ALNICO
NANOPARTICULATE THIN FILMS
Delia PATROI1, Eugen MANTA1, Eros PATROI1, Catalin CONSTANTINESCU2,
Mirela Maria CODESCU1, Florina CIULEI1, Gabriela SBARCEA1
1

National Institute for R&D in Electrical Engineering ICPE-CA, Bucharest, 313, Spl.Unirii, Romania,
2
Univeristy of Limoges, CNRS, IRCER, UMR 7315, F-87000 Limonges, France

Amorphous thin films of nominal composition of Fe44.5 Al13.2Co24.6Ni12.7Cu5 (at%) and 100 nm
thick with an interlayer of 20 nm of Pt were prepared by pulsed layer deposition on the native oxidized Si
substrates. For preparing the Alnico type films it was used a Nd:YAG laser, 266 nm wavelenght working at a
repetition rate of 15Hz and an incident fluence of 1.5 J/cm2. Subsequently, the films were thermal annealed
at 800 0C and 900 0C in order to induce the crystallization and the enhancement of magnetic properties of
the Alnico film. The Pt interlayer influenced the growth mechanism of the nanoparticulate film producing
the dewetting of the surface and a magnetic biphasic behaviour.
Keywords: thin films, Alnico, soft magnetic

Acknowledgements: The work has been funded by the Nucleu Programme, 35N/16.03.2018- PN 18 24
0101 and in the frame of bilateral project Romania - JINR-Dubna 2018 „Investigation of crystalline and
magnetic structures in rare‐earth free magnetic materials”
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HALF-METALLIC COMPENSATED FERRIMAGNETISM IN THE
Mn-Co-V-Al HEUSLER ALLOYS
Diana BENEA1, Radu GAVREA1, Marin COLDEA1, Olivier ISNARD2,3 and Viorel POP 1
1

Faculty of Physics, Babes-Bolyai University Cluj-Napoca, Cluj-Napoca, Romania
2
Université Grenoble Alpes, Institut Néel, Grenoble, F 38042, France
3
CNRS, Institut Néel, 25 rue des Martyrs, F-38042 Grenoble, France

We show detailed theoretical and experimental investigations on the electronic and magnetic
properties of the Mn2-xCoxVAl and Mn2Co1-xVxAl Heusler compounds. The electronic band structure
calculations performed using the Korringa-Kohn-Rostoker (KKR) Green’s function method show the
possibility to obtain half-metallic fully compensated ferrimagnets (HMFi) in these Mn2-type of Heusler
compounds. The theoretical investigations show different ground state spin configurations of the Mn atoms
in these Heusler compounds. The experimental investigations for Mn 2-xCoxVAl with L21 structure show a
decrease of the Curie temperature with Co content, between 771 K (x = 0) and 289 K (x = 1). The magnetic
moments on the Mn and V atomic sites are very small in the MnCoVAl compound (x=1) with L2 1 structure,
as deduced from the Mn 3s and V 3s core level spectra by X-ray photoemission spectroscopy investigation,
with negative consequences on the applicability of the L21-type Heusler compounds in spintronic devices. On
the other hand, the band structure calculations for Mn2Co0.5V0.5Al show half-metallic behavior and increased
values of the individual spin moments. An almost compensated ferrimagnetic behavior with a measured
Curie temperature of 671 K was found for the Mn2Co0.5V0.5Al compound, with possible applications in the
spintronic devices.
Keywords: spintronics, ferrimagnets, Heusler alloys, band structure calculations
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TIO2 THIN FILMS SYNTHESIZED BY PLD IN O 2, N2 AND AR ATMOSPHERES FOR
DYE SENSITIZED SOLAR CELLS FABRICATION
Dorel F. ALBU1, Gabriel SOLOL2, Jeanina LUNGU3, Gianina F. POPESCU-PELIN2, Adrian
GEORGESCU3, Victor CIUPINĂ1,3 and Ion. N. MIHĂILESCU2
1
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University of Bucharest, Faculty of Physics, Bucharest-Magurele, Romania
National Institute for Lasers, Plasma and Radiation Physics, Lasers Department, Magurele, Romania
3
Department of Physics, Ovidius University of Constanta, Constanta 900527, Romania

We report on the fabrication of dye sensitized solar cells (DSSC) based on nanostructuredTiO 2coatings
obtained by pulsed laser deposition (PLD). Two TiO2 layers were deposited on comercial FTO glass
substrates, the first is a high density TiO2 thin film while the second is a thick nanostructuredlayer. Three
batches of nanostructured TiO2 coatings were growth in O2, N2 and Ar atmospheres by PLD, using a KrF*
excimer laser (λ= 248 nm și τFWHM = 10 ns). SEM micrographs recorded in top-view mode, revealed different
morphological features depending on the ambient gas used during deposition. The XRD diffractograms
revealed a low crystallinity of the films and the presence of a mixture of anatase and rutile phases. The Pt
cathode was obtained by spraying on the same type of substrate as the anode. Further, the nanostructured
TiO2 coatings were sensitized with N-719 dye. A redox electrolyte (e.g. I3-/I-) was used in order to complete
the photovoltaic structures and than the electro-optical parameters of DSSCs, the short circuit current (ISC),
the open circuit voltage (VOC), the fill factor (FF), and the photovoltaic conversion efficiency (η) were
measured under AM 1.5 G standard conditions (1000 W·m-2) at 25 oC, using a homemade class A small area
solar simulator.
The highest values for global efficiencies wererecorded for DSSCs manufactured with nanustructured
TiO2 coating deposited in the N2 atmosphere.
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Keywords: nanostructured TiO2coating, PLD, DSSC.
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IMPLEMENTATION OF NEW NANO-FILMS OF Ag, Au, SiO2, ZnO FOR METAMATERIAL
ENGINEERING
Petronela PREPELITA, Florin GAROI, Doina CRACIUN
National Institute for Laser, Plasma and Radiation Physics, Magurele 077125, Ilfov, Romania
In the present work, we studied noble metals (i.e. Ag and Au) ultra thin films transparent conductive
oxides (TCO), based on zinc oxide (ZnO) and silicon dioxide (SiO2) prepared by radio frequency magnetron
sputtering technique onto glass substrates.
A comparative analysis was conducted in measuring the thickness of the corresponding Ag and Au
ultra thin films and oxide thin films, using SEM, white light interferometry and stylus profilometry methods.
The structural and optical properties of these samples were investigated and it was found that the
respective films show typical TCO properties. The influence of deposition conditions on structural properties
of these ultra thin films and oxides films, were disscussed based on XRD and XPS results. Surface
morphology of the samples appeared as granular and polycrystalline with a good stoichiometry.
Transmission and reflectance spectra in the range 190 – 3000 nm (double-beam configuration) were
measured for all samples. These ultra thin layers present interest for advanced technologies in terms of basic
and potential research, such as new nano-structures of Ag, Au, SiO2, ZnO for metamaterial engineering.
This research is supported by the Romanian Space Agency in the frame of STAR program - contract
178/2017 and by ELI 17/2018.
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BINDING, ELECTRON TRANSFER, AND DYE REGENERATION IN DYE-SENSITIZED SOLAR
CELLSWITH ORGANIC DYES
Atoumane NDIAYE,1,2*CorneliuI. OPREA,2Issakha YOUM,1Fanica CIMPOESU,3
and Mihai A. GÎRŢU2,*,**
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We report density functional theory (DFT) calculations of three dye-electrolyte systems, studying the
dye regeneration process with the goal to control the open circuit voltage and increase the overall
photovoltaic conversion efficiency of the dye sensitized solar cell.
We perform studies of various cobalt-based complexes as electrolytes. Compared to the I3-/Isystem, the cobalt(III/II) polypyridyl complex redox shuttles have low visible light absorption, and the ease
of tuning their redox potentials is a very significant aspect for accomplishing a photovoltage enhancement.
DFT calculations provided optimized geometries and IR spectra, whereas TD-DFT allowed for the
simulation of the optical absorption spectra in acetonitrile solvent.
DFT calculations were also used to understand the dye regeneration mechanism of three purely
organic dyes, L0, D35, and Y123, in conjunction with three different cobalt(II) complexes: [Co(terpy) 2]2+,
[Co(bpy-pz)2]2+, and [Co(phen)2(bpy)]2+, respectively. Investigation of the electron transfer from the cobalt
electrolyte to the oxidized dye wasperformed by calculating reorganization energies for high-spin and lowspin pathways, the latter being characterized by a lower energy barrier.
**M.A.G and C.I.O. acknowledge the financial support received from SNSF and UEFISCDI under
the Romanian-Swiss Research Programme, through the grant RSRP #IZERO-142144/1—PN-II-ID-RSRP1/2012 and A.N. is thankful to the Romanian Ministry of Foreign Affairs and AUF for the Eugen Ionescu
scholarship grant.
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CALCIUM PHOSPHATE THIN FILMS FROM RENEWABLE SOURCES FOR
BIOMEDICAL APPLICATION
Anca NICĂREL1, Carmen RISTOSCU2, Gianina POPESCU-PELIN2, Victor CIUPINA 3, Gabriel PRODAN3
Ion N. MIHĂILESCU2
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Biomaterials sinthezised from renewable sources and applied in the form of thin coatings are widely
used in the medical field, in particular to improve implants functionality by surface modification.
Pulsed Laser Deposition (PLD) technique was used in order to synthetized hydroxyapatite (HA)
coatings from renewable sources (bovine bones– BHA, fish bones – FHA and composites with zeolites). The
experiments were conducted in a vacuum chamber by using a KrF* excimer laser source (λ=248nm,
τFWHM=25ns). The coatings were grown on titanium (Ti) discs and on silicon (Si) wafers, keeping up the
same deposition paramaters. In order to improve the morphology and crystallinity, all coatings were
hidrothermally treated at 500°C in a flux of water vapors.
The Fourier Transform Infrared Spectroscopy (FTIR) and Scanning Electron Microscopy (SEM)
were applied to evaluate the stoichiometric transfer and the surface morphology of deposited coatings, as a
result of laser deposition. The structural properties (degree of cristallinity) of the coatings were assessed by
Transmition Electron Microscopy (TEM) and X-Ray diffraction measurements. Furthermore, all samples
were biological tested in vitro by MTS and Immunostaining assays in order to evaluate their
biocompatibility.
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FLOATING HARMONIC PROBE DIAGNOSTICS IN DC CONTINUOUS AND PULSED
REGIMES
Zanáška M.1,2, Hubička Z.2, Turek Z.1, Čada M.2, Kudrna P.1, Tichý M.1
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2

Floating harmonic probe (FHP)represents a relatively novel probe method for measurement of the
electron temperature and positive ion density in processing plasmas, where the probe tip gets coated by an
insulating layer and conventional Langmuir probe method in many cases fails. In the FHP method an ac
harmonic voltage in the kHz range is applied to the probe constructed in standard manner and hence
microwave instrumentation is not needed. Recently, this concept has been applied to pulsed discharges and
utilized also in double probe method. We have tested the FHP method in both continuous and pulsed dc
discharges in a low-pressure hollow cathode plasma jet and planar magnetron systems during both reactive
and non-reactive sputtering and compared it, when possible, with conventional IV characteristics measur
ements. We got a good agreement of both the electron temperature and ion density data and FHP measured
reliable data even when conventional Langmuir probe could not be used.
This research has been supported by the Euratom research and training programme 2014–2018 and
has been carried out within the framework of the EUROfusion Consortium. Partial financial support by the
Grant Agency of Charles University, grant No. 1188218 is also acknowledged.
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PLASMA ENHANCED CHEMICAL VAPOR DEPOSITION OF GRAPHENE
Fabien BENEDIC1, Katya PASHOVA1,2, Ivaylo HINKOV2, Xavier AUBERT1, Swaminathan PRASANNA1
and Samir FARHAT1
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Université Sorbonne-Paris-Cité, Villetaneuse, 93430, France
2
Département de Génie Chimique Université de Technologie Chimique et de Métallurgique, 8 Boulevard
St. Kliment Ohridski, 1756 Sofia, Bulgaria

Electron Temperature Te (K)

Gas Temperature T (K)

Graphene synthesis by plasma enhanced chemical vapor deposition (PECVD) has been hampered
by the lack of quantitative understanding of the gas phase chemistry as well as the growth mechanism at the
scale and quality required for applications. In this work, we investigate methodologies for in situ
measurement of atomic hydrogen concentration as well as rotational temperature during PECVD of graphene
over cobalt or copper catalysts.
The graphene is grown by plasma
(a)
(b)
decomposition of a methane and hydrogen mixture
(CH4/H2) at moderate pressures over polycrystalline
metal catalysts. Different conditions obtained by
varying plasma power (300-400 W), total pressure
(10-25 mbar), substrate temperature (700°C1000°C), methane flow rate (1-10 sccm) and catalyst
nature (Co-Cu) were experimentally analyzed by in
situ optical emission spectroscopy (OES) technique
in order to access the species rotational temperature
of the plasma as well as the H-atom relative
concentration.
Fig.1 Gas and electron temperature calculated during
graphene growth
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Experimental information indicates that the rotational temperature vary with the power deposited in
the plasma from 950 K (at 340 W) to 1250 K at (580 W). Relative densities of H(n=1) atoms determined by
actinometry under specific graphene conditions showed a mole fraction of 3 to 4.5 %. To explore further
aspects of the plasma chemistry prevailing in the reactor and to take chemical and energetic effects into
account, non-equilibrium computational models were developed (Fig. 1) and validated by comparison with
experimental data obtained from atomic and molecular emission providing insight regarding graphene
growth under specific plasma conditions.
Keywords: graphene, PECVD, optical emission spectroscopy, modeling
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PLASMA PARAMETERS IN DIAGNOSTIC GAS AGGREGATION NANOCLUSTER
SOURCE
Anna KOLPAKOVÁ, Artem SHELEMIN, Pavel KUDRNA, Jaroslav KOUSAL,
Milan TICHÝ, Hynek BIEDERMAN
Charles University, Faculty of Mathematics and Physics, Praha, Czech Republic
The gas aggregation cluster sources (GAS) using planar magnetron [1] are widely used for production
of nanoparticles. The condensation of the supersaturated vapors produced by magnetron sputtering is
achieved in these sources using the aggregation chamber with elevated pressure of the working gas; up to
100 Pa. Collisions of the sputtered particles with the working gas at the early stage of nanoparticle formation
from dimers are the key factor for the stabilization of nanoparticles growth.
The operational conditions like the working gas, its pressure and flow, magnetron current and system
geometry as well as the plasma parameters strongly influence the nanoparticles growth and transport to the
substrate. To investigate these conditions the special diagnostic gas aggregation source [2] was constructed.
It is equipped by several diagnostics namely the Langmuir probe, optical emission and quadrupole mass
spectrometry and quartz crystal microbalance. The aggregation chamber with water cooled magnetron inside
is constructed axially movable. That allows the axial scan of plasma parameters and in combination with the
radially movable Langmuir probe the measurement of the complete 2D map of plasma parameters.
We can set up, monitor and compare the plasma parameters during two situations: with and without
the production of nanoparticles; that is manifested by the deposition rate monitored by the quartz crystal
microbalance. The detailed study of conditions during the Ti and TiOx nanoparticles production from dc
magnetron we published recently [3]. In this contribution we describe the study of the plasma parameters
during the nylon nanoparticles production using the RF (13.56 MHz) powered magnetron and the dielectric
target. The deposition of nonconductive polymer film on the Langmuir probe was prevented by heating the
probe wire. To minimize the pickup RF voltage across the probe sheath the LC filters were inserted in the
probe circuit. Filters were tuned to the magnetron working frequency and positioned in vacuum system close
to the probe tip. By this way the probe was made floating at the working frequency, which left the probe
characteristics undistorted, but also the influence of the RF voltage to the sensitive probe electronics was
minimized. We present the spatial profiles of electron density, floating and plasma potential and electron
temperature at several working pressures and working gas flow rates.
[1] Haberland H., Karrais M., Mall M., Thurner Y., J. Vac. Sci. Technol. A 10 (1992) 3266.
[2] Shelemin A., Kylian O., Hanus J., Choukourov A., Melnichuk I., Serov A., Slavinska D., Biederman
H., Vacuum 120 (2015) 162-9.
[3] Kousal J., Kolpaková A., Shelemin A., Kudrna P., Tichý M., Kylián O., Hanuš J., Choukourov A.,
Biederman H., Plasma Sources Sci. Technol., 26 (10): Art. No. 105003 (2017).
Keywords: gas aggregation cluster source, planar magnetron, Langmuir probe
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SYNTHESIS AND CHARACTERIZATION OF THE THIN FILMS BASED ON TITANIUM
BY LASER THERMIONIC VACUUM ARC (LTVA) METHOD
R. Vladoiu, A. Mandes, V. Dinca-Balan, G. Prodan
Ovidius University, Mamaia 124, Constanţa, 900527, Romania
Nowadays, the great challenge comingfrom the technological transfer for advanced nanocomposites
grow this the development of innovative production technologies, as well as the variation of the nature of the
components, in order to obtain multifunctional materials with given unique caracteristics. For instance,
titanium nanocomposites are characterized by very high tensile strength even at high temperatures, light
weight, high corrosion resistance, and as strong as steel, but 45% lighter.
The aim of this work is to implement a new concept using at maximum the offered performances by
TVA technology and by Laser-beam effect, namely Laser induced Thermionic Vacuum Arc (LTVA) on
titanium based nanostructures: TiMg, TiNi,TiCr and pure Titanium.
Results on the surface morphology and wettability of the obtained multifunctional thin films were
reported byusing: Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM, Zeiss
EVO 50 SEM) and Free Surface Energy (FSE) by See System.
Keywords: titanium, multi-components, LTVA.
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MULTIFUNCTIONAL TRANSITION METAL CARBONITRIDE COATINGS
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Quaternary hard coatings based on carbonitrides of transition metals have recently attracted
increasing interest due to their excellent properties such as high hardness and elastic recovery, reduced
Young’s modulus, thermal stability, and high resistance towear, corrosion, and oxidation 1–4. In this work we
study the influence of Nb, Zr and Si addition to TiCN coating, aiming for their use as protective layers for
parts subjected to sever corrosion and wear. The stoichiometric coatings were deposited on stainless steel
and Si wafer substrates using a cathodic arc technique in a mixture of nitrogen and carbon rich gases. The
coatings were comparatively analysed for elemental and phase composition, adhesion, anticorrosive
properties and tribological performance at ambient and 250 °C. Zr and Nb alloying contents in the coatings
was of about 7.5 - 9 at.%, while Si was of about 2.5 at.%. All the coatings exhibited f.c.c. solid solution
structures and had a (111) preferred orientation. In the adhesion tests conducted, critical loads were in the 20
to 30 N range, pinpointing to a superior adhesion to the substrate materials. The Ti based coatings with Nb or
Si alloying elements proved to be resistant to corrosive attack in 3.5% NaCl, TiNbCN coatings exhibited the
best corrosion resistance. TiCN exhibited the best tribological performance at 250°C, while at ambient
temperatures the addition of Nb improved its performance. Abrasive and oxidative wear was found to be the
main wear mechanism for all of the coatings. Summarizing, TiNbCN coatings exhibited the most suitable
characteristics for severe service applications in corrosive environment.
Keywords: reactive cathodic arc deposition, corrosion resistance, tribological properties.
1. M. Balaceanu, V. Braic, M. Braic, A. Vladescu, C. N. Zoita, C. E. A. Grigorescu, E Grigore, R Ripeanu,
Solid State Sci. 2009, 11, 1773.
2. J. C. Caicedo, C. Amaya, L. Yate, W. Aperador, Appl. Surf. Sci. 2010, 256, 2876.
3. M. Braic, M. Balaceanu, A. Vladescu, C. N. Zoita, V. Braic, Thin Solid Films 2011, 519, 4092
4.D.V. Shtansky, N. A. Gloushankova et al., Surf Coatings Technol. 2010, 205, 728.
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2016-1580). SEM&EDS&XRD analysis were carried out using the equipment acquired by the infrastructure
project INOVA-OPTIMA SMIS code 49164, contract no. 658/2014.
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NANOMECHANICAL TESTING OF MoBC AND WBC COATINGS PREPARED USING
MAGNETRON SPUTTERING
Vilma Buršíková1, Jiří Buršík2, Ivo Kuběna2, Lukáš Zábranský1, Katarína Bernátová1, Pavel Souček1 and
Petr Vašina1
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The attractive mechanical properties of the group of X2BC ternary compounds (X = Mo, Ta and W)
was predicted using theoretical calculations and lately their applicability was proven also experimentally.
These materials became promising candidates for protection of cutting and forming tools due to their
unusually stiffness and moderately ductility. These properties can be understood by considering the
electronic structure and particularly the extreme anisotropy (orthorhombic crystal lattice with a=0.309nm,
b=1.735nm, c=0.305nm).
In this work we focus on nanostructured Mo-B-C and W-B-C layers (1-3 m thick) grown on hard
metal, steel or silicon substrates by DC magnetron sputtering of three targets: B 4C, X (X=Mo or W) and C.
Micropillars were prepared using focused ion beam (FIB) technique in a Tescan LYRA 3XMU SEM×FIB
scanning electron microscope (SEM). Micromechanical testing was done in a Hysitron TI950 nanoindentor
using a flat diamond indenter (diameter of about 10 m). An example of the microcompression results
obtained on Mo2BC coating is shown in Fig. 1. Elastic modulus and indentation hardness data were obtained
by means of indentation tests using diamond Berkovich indenter with tip radius less than 50nm. Moreover
the fracture resistance of layers was measured using Cube Corner indenter. The mutual relationships
between the obtained results were evaluated and discussed. Thin lamellas were prepared from indented parts
of layers and from pillars along compression axis and observed in a Philips CM12 STEM transmission
electron microscope (TEM) and a JEOL 2100F high resolution TEM.
The research has been supported by The Czech Science Foundation (Project 15-17875S). The
authors are acknowledging that this research has been done in cooperation with the Tescan company.

Fig. 1 Micropillar prepared from Mo2BC coating before (on the left) and after (in the center) the
microcompression test together with the illustration of the result of microcompression test: the dependence
of the true stress on the true strain (on the right).
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MICROWAVE VAPORIZATION AND IONIZATION OF THE METAL WIRES WITH
LOW ELECTRICAL CONDUCTIVITY
Cristian P. LUNGU1, Marian MOGILDEA2, George MOGILDEA2, Cornel POPA2,
Florin MINGIREANU2, Paul DINCA1, Bogdan BUTOI1, OanaPOMPILIAN1, Petrica CHIRU1, Mihail
LUNGU1, Corneliu POROSNICU1
1
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2
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Thin film deposition is a topic of large interest in the nowadays. This topic generates several
problems to the materials and plasma processing scientists. Uniform thickness and conformal deposition is
necessary. We report here on a method used for metallic film depositions, method based on the microwave
absorption process by the metallic wires [1].
Using 2.45 GHz frequency, 800 W microwave power generator and a cylindrical cavity having the
TM011 propagation mode, the metallic wires could be vaporized and ionized. The metallic wires used in
experiments could be Pb, Zn, In, as well as W, Ni or Be.
Were performed investigations on the dependence between the metal quantity which is vaporized
and ionized by the microwave field and the microwave power. Metallic wires having 0.5 mm diameter were
vaporized and ionized in direct interaction with the microwave field. A cylindrical cavity and buffer gases as
air and nitrogen at normal atmospheric pressure were used.
Plasma produced by the microwave generator was characterized by optical emission spectroscopy.
Electron temperature of gas and metallic plasma produced during experiments was estimated using the ratio
of atomic emission lines acquired by a high definition optical multichannel analyzer/spectrometer.
The crystallographic orientation and the grain size of the thin films deposited on silicon substrates
were determined using XRD low angle diffractometer and the film morphology was analyzed using SEM
and AFM techniques. The obtained data was correlated with the processing parameters, as microwave power
and the distance between wire and the substrate holder.
Keywords: microwave power, metallic plasma, plasma characterization.
[1]J. Optoelectron. Adv. Mater., Vol. 17, No. 3-4, March – April 2015, p. 367 - 371
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CHARACTERIZATION OF W-Al CO-SPUTTERED MATERIAL IN A HIPIMS PLASMA
OPERATED IN Ar-He AND Ar-D 2
C. Porosnicu1, P. Dinca1, V. Tiron2, I-L Velicu3, B. Butoi1, A. Velea4, E. Grigore1,
O. G. Pompilian1, C. Costin3, C.P. Lungu1
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4
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Materials eroded from the first wall and the divertor area can heavily contaminate the fusion plasma
leading to energy absorption and plasma instabilities, such as edge localized modes, which can heavily
damage the reactor. ITER the vessel is to be composed of beryllium (Be) and tungsten (W), but due to safety
regulations regarding the handling of T and Be, limits their use in experimental facilities. A material similar
in oxide and deuteride formation to Be is aluminum (Al) which can be used as a surrogate for Be in
experimental studies.
In this contribution, we aimed to characterize the W and Al co-sputtered ions in He-Ar and D2-Ar in
a HIPIMS discharge by means of mass spectrometry measurements. The total ion flux and its composition
strongly depend on the target material, gas mixture composition and the input power delivered to each target.
82

S2 – Laser, Plasma and Radiation Physics and Applications

It also follows the increase tendency of the electrical power applied to each target and the increase of He or
D2 fraction in the sputtering gas mixture.
The influence of the average power applied on the target on the microstructure, chemical
composition and deuterium retention of the films was investigated by SEM, XRD and GDOES depth profile
measurements. GDOES profiles indicate the presence of a large amount of deuterium in the W/Al layers,
with a maximum value of 21% and a mean value (estimated over the entire thickness of the layer) up to 15%.
Depth profiles indicate that the D distribution in the W/Al layers is related to the W in-depth concentration.
The main mechanism responsible for the D retention in the W/Al layers is the intense and energetic
bombardment of the growing film with D- ions. Therefore, D- ions were investigated in detail during
standard and dual-HiPIMS with W and Al targets, in different Ar+D2 gas mixtures. The energy distribution
functions of D- negative ions show a maximum around 1 eV and a very high energy tail which extends
towards 500 eV. During HiPIMS operation, the D- ion flux linearly increases with the input power on the W
target and with the increase of D2/(D2+Ar) mass flow ratio.
S2 L9

PREPARATION, CHARACTERIZATION AND PERFORMANCE OF DUPLEX,
NANOCOMPOSITE AND NANOLAYERED THIN FILMS
Branko SKORIC, Aleksandar MILETIC, Pal TEREK and Lazar KOVACEVIC
Center for Surface Engineering and Nanotechnology, University of Novi Sad
Trg D.Obradovića 6. Novi Sad, Serbia
Thin ceramic coatings have been widely used for protecting the surfaces of various manufacturing
tools and mechanical components. Different physical vapor deposition techniques are used for their
preparation. A typical duplex process involves plasma nitriding and the coating treatment of materials. In the
paper are presented characteristics of hard coatings deposited by PVD (physical vapor deposition) and IBAD
(ion beam assisted deposition). The synthesis of the TiN film by IBAD has been performed by irradiation of
Ar ions. The evolution of the microstructure from porous and columnar grains to dense packed grains is
accompanied by changes in mechanical and physical properties. In industrial physical vapor deposition
systems substrates move in a planetary-like manner to ensure uniform coating deposition on all surfaces. In
this study, influence of the type of substrate rotation on phase composition, crystal orientation,
microstructure and surface morphology of nanolayered TiAlN/TiSiN coatings was investigated. Scanning
electron microscopy, transmission electron microscopy, atomic force microscopy, X-ray photoelectron
spectroscopy, X-ray diffraction and nanoindentation technique were applied for coating characterization. It
was found that the type of rotation greatly influences both crystal orientation and microstructure. Coating
prepared with single rotation was of columnar and porous microstructure with crystallites oriented in 111 and
200 directions. Conversely, there were no signs of columnar growth for coatings prepared with double and
triple rotations which were of compact and dense microstructure with crystallites oriented in 200 direction.
As a result, coatings prepared with higher number of rotations were smoother and of considerably higher
hardness.

Fig. 1. TEM micrographs of TiAlSiN coating (image with the electron diffraction pattern)
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Keywords: thin film, duplex, nanocomposite, nanolayer.
Acknowledgments: The authors would like to thank to The Provincial Secretariat for Higher Education and
Scientific Research of Vojvodina, which supported this work by grant.
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TURBULENT CHARGED MICROPARTICLE FLOW INDUCED BY DRAG FORCE OF
AN ELECTRON BEAM
Cătălin M. TICOŞ1, Dorina TICOŞ1, Jeremiah D. WILLIAMS2
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We demonstrate the production of a stream of microparticles moving with a peak speed ~10 mm/s inside a
plasma crystal by a 13 keV electron beam [1]. Hundreds of electrically charged microspheres levitated inside
a weakly ionized plasma and forming a plasma crystal are locally irradiated. In the irradiated region the
microparticles move in the EB direction while far from it the plasma crystal preserves its spatial structure.
The flow is laminar in the first 300 ms and becomes turbulent as its speed and width increase. During this
transition vortices formed initially at the entrance
of
the EB in the plasma crystal give rise to
subsequent eddies which propagate downstream
the
flow. The particle image velocimetry (PIV)
technique is employed to monitor the evolution of
the
dust flow in time [2]. Spatio-temporal maps of the
dust
flow speed, kinetic energy and vorticity give
insights into the flow dynamic regime [3].
D.T. and C.M.T. acknowledge support from the
project STAR #123, C3-2016 and PN-16-47-01-02
from the Romanian Ministery of Research and
Inovation.
Keywords: plasma crystal, microparticles, electron
beam
[1] Toader D., Oane M., Ticos C.M., Collimated
electron beam accelerated at 12 kV from a
Penning discharge, Rev. Sci. Instr. 86, 013301
Fig. 1 Image of turbulent microparticle
(2015).
flow obtained using the PIV technique.
[2] Williams J. D., Application of particle image
velocimetry to dusty plasma systems, J. Plasma
Phys82, 615820302 (2016).
[3] Pushing charged microscopic matter with an electron beam, C. M. Ticoş, D. Ticoş,J. D. Williams, To be
submitted for publication.
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MAGNETRON SPUTTERING COMBINED WITH GAS AGGREGATION FOR
SYNTHESIS OF TUNGSTEN NANOPARTICLES.
Tomy ACSENTE 1, Lavinia Gabriela CARPEN1, Gheorghe DINESCU1
1
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In this work we present our results on synthesis of tungsten nanoparticles (WNPs) with different
shapes using a cluster source based on magnetron sputtering and gas aggregation (MS-GA). The magnetron
discharge was performed in pure Ar using radiofrequency electric energy (RF, 13.56 MHz). All the
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experimental parameters were kept constant, only the characteristics of the RF wave being modiffied as
follows: continuous wave (60 W and 100 W ) and pulsed wave (P max=120 W, tON = tOFF = 0.2 s). The WNPs
obtained in continuous mode present a dendritic growth and they have flower-like [1] (60 W) or concave
hexapod [2] (100 W) shapes. The rectangular pulsed plasma mode (P max=120 W, tON = tOFF = 0.2 s) leads to
monocrystalline WNPs presenting a cube-octahedral shape [2]. These results prove that the MS-GA process
can be succesfuly used for producing tungsten nanoparticles with different shapes, in view of specific
applications.
Acknowledgements: This work was supported by a grant of the Romanian Ministery of Research and
Innovation, CCCDI – UEFISCDI, project PCCDI 46/2018 within PNCDI III. L. G. Carpen acknowledges the
financial support in the frame EUROfusion Consortium, project 1-EU12/2/2016 WPEDU-RO.
References
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[2] T. Acsente, R.F. Negrea, L.C. Nistor, Materials Letters 200 (2017) 121–124.
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The Kα transitions from different ionization stages are a powerful tool for diagnosing plasma. There
are several line intensity ratios defined for this purpose consisting of allowed, intercombination and
forbiddent transitions, mainly from He-like ions, along with corresponding satellite lines from neighbouring
ionization stages that can be used to determine electron temperature and density directly from the measured
emission spectra (A. H. Gabriel, Mon. Not. R. Astr. Soc. 160, 99-119, 1972). These satellite lines arise from
intermediate resonant states of type 1s2pnl created via dielectronic recombination that radiatively decay to
the 1s2nl bound states of Li-like ions. It has also been shown theoretically by Z. W. Wu et al. (J. Phys. Conf.
Ser. 635, 012020, 2015) that the degree of linear polarization is strongly enhanced when the fine-structure
splitting of overlapping resonances becomes smaller.
We compute the dielectronic recombination strength of He-like ions into Li-like structure and
determine the linear polarization of strong Kα lines while accounting for overlapping resonances following
the model of M. K. Inal and J. Dubau (J. Phys. B: At. Mol. Opt. Phys. 22, 3329, 1989). The interference
effects between high lying Rydberg resonances on the degree of linear polarization is theoretically
investigated.
The present calculations containing energy levels, radiative transition probabilities, Auger decay
rates, radiative and dielectronic capture strengths, have been performed for several Li-like ions ranging from
W71+ to U89+ in order to estimate the linear polarization degree of the Kα satellite lines. These results are
necessary for modeling synthetic spectra of plasma and may prove useful for proposing new fundamental
experiments for determining the structure of highly charged ions.
Keywords: highly charged ions, x-rays, linear polarization, dielectronic capture.
Acknowledgement: this work has been financed by the National Authority for Research and
Innovation in the frame of Nucleus programme-contract 4N/2016. The authors acknowledge financial
support by Institute of Atomic Physics contract number F01-2016.

85

S2 – Laser, Plasma and Radiation Physics and Applications

S2 O4

TIME-DEPENDENT ORBITAL-FREE DENSITY FUNCTIONAL THEORY FOR THE
FERMIONIC GAS
D. I. Palade
National Institute for Laser, Plasma and Radiation Physics, Magurele, Bucharest, Romania
Faculty of Physics, University of Bucharest, Romania
It has been proven that, in the framework of Time Dependent Density Functional Theory, the
dynamics of a system of fermions can be described within a Hydrodynamic Model. Unfortunately, this
model lacks an exact representation of the kinetic pressure tensor as density functional. Although simple
approximations are known, these are not able to reproduce basic properties of the dynamics, features that can
be captured in more complex kinetic/microscopic theories.
For this reason, in the present work, a novel density functional approximation for the kinetic pressure
of a fermionic gas is derived. The proposal is tested both in linear and non-linear regimes, yielding good
overall improvements in comparison with the old approximations. Its relevance for quantum plasmonics and
laser-quantum plasmas interaction is discussed and supported by numerical predictions.
S2 O5

PRESSURE CONTROLLED GROWTH OF CARBON NANOFIBERS IN PLASMA
ENHANCED CHEMICAL VAPOR DEPOSITION SYSTEM
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A numerical model of hydrogen diluted acetylene plasma inside the plasma enhanced chemical vapor
deposition (PECVD) is developed to optimize the gas pressure for the carbon nanofibers (CNFs) growth.
The drift diffusion interface, heavy species transport interface, and electrostatics interface are implemented
using the 2D model in COMSOL Multiphysics 5.2 Simulation software to study the dynamics of the plasma
species (electrons, positively charged ions, and neutrals) inside the PECVD system and surface deposition
model is used to study the growth of CNF. The results of the present study reveal that the number density,
temperature, and energies of plasma species strongly depend on the gas pressure inside the plasma and
consequently affect the CNF growth. It is found that with the decrease in gas pressure inside the plasma,
number density and temperature of electrons increases due to increase in mean free path of electrons and
expansion of the plasma sheath region. The higher number of electrons present in the plasma at low
pressure lead to the more ionization of the neutrals which in turn increase the rate of generation of carbon
species on the catalyst surface due to dissociation of hydrocarbon species, thereby increasing the CNF
growth rate. The results of the present investigation are compared with the available experimental
observations for the wide range of gas pressures inside the plasma. A good agreement between numerical
results and experimental observations confirms the adequacy of the proposed numerical model.
Keywords:PECVD, Carbon nanofibers, pressure, growth.
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COPOLYMERIZATIONS IN ATMOSPHERIC PRESSURE PLASMA REACTOR
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Polythiophene and its derivatives is of large scientific interest due to their attractive physical and
chemical properties. Usually, these polymers are used as solid electrolytic capacitors, transparent electrodes
in light emitting diodes, also as antielectrostatic agents and underlayers for the metallization of printed
circuit boards. A special polymer included in this class is the poly (3,4-ethylenedioxythiophene), suitable for
specific properties such as conductivity, transparency in thin oxidized films and environmental stability [1].
In our experiments we propose an atmospheric pressure plasma as technique for obtaining these
polymers based on the copolymerization reactions. Our technique is selected taking into account particular
advantages, for example the possibility to use versatile experimental set-ups, efficiency, precise control of
polymeric film thickness, lesser costs comparing with another methods [1].
The experimental arrangement consists of a plane-parallel dielectric barrier geometry and it used in
helium as plasma gas, also as buffer, keeping the electrical and geometrical parameters of chemical reactor
unchanged [2]. In our experiments we selected as monomer the (3,4-ethylenedioxythiophene) taking into
account the special characteristics of polymer as a high conductivity, stability in buffer solutions, reversible
doping state etc. Duration of copolymerization is 5 or 10 minutes, depending of analysis method.
The poly (3,4-ethylenedioxythiophene) films are characterized by various methods, respectively by
contact angle measurements for wettability evaluation and time stability, ATR-FTIR for chemical
composition, morphology by SEM and crystalline/amorphous ratio by XRD.
The results show a chemical composition in good agreement with the formula of monomer, also a
hydrophobic character and a semiconductor behaviour. During one month of analysis the contact angle
measurements show a stability of films under the environmental conditions.
Keywords: monomers of 3,4-ethylenedioxythiophene, plasma at atmospheric pressure,
copolymerization.
References
[1] Olga Pyshkina, Moscow State University, Aleksejs Kubarkov, Moscow State University,
Vladimir Sergeyev, Moscow State University, Poly(3,4-ethylenedioxythiophene):Synthesis and
Properties, Scientific Journal of Riga Technical University, 21, 51 (2010).
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tips by atmospheric pressure plasma polymerization, 20th International Symposium on Plasma Chemistry –
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PLASMA CRYSTAL ROTATION INDUCED BY AN ELECTRON BEAM
Dorina TICOS, Catalin M. TICOS
National Institute of Research and Development for Lasers, Plasma and Radiation Physics, Romania,
A plasma crystal is a structure with 3D spatial symmetry made of microparticles levitated in a plasma,
as shown in Fig. 1 a). The microparticles are negatively charged and strongly coupled via the Coulomb
interaction. Rotation of a plasma crystal is induced by the drag force exerted by an electron beam (EB) aimed
at the crystal [1]. Momentum is transfered from the EB to the microparticles made of plastic and having a
diameter 11 µm, levitated in a radiofrequency discharge at 13,56 MHz. In some cases the coupling potential
energy of the microparticles is higher than the kinetic energy of the EB and the crystal preserves unaltered its
structure in spite of the interaction with the EB. The Particle Tracking Velocimetry (PTV) is used to
determine the individual trajectories of the microparticles forming the crystal (Fig. 1 b). The rotation speed is
shown to depend on the EB energy, in the 11-15 keV range.
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Keywords: plasma crystal, microparticles,
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Fig. 1 a) Top view of a horizontal plasma
crystallayer; b) image of rotating crystal induced
by the EB obtained using PTV
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MULTIPORT RING-SHAPED PLASMONIC WAVEGUIDES OPERATING
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We demonstrate theoretically that 3- and 4-port ring-shaped plasmonic metal-dielectric-metal (MDM)
slot waveguides configurations can operate as logic gates. These multiport ring circuits can implement
reversible and irreversible logic gates, depending on the amplitude but also on the phase of input signals. The
propagation of plasmon-polaritons in the studied MDM waveguides was described using the analogy with
microwave transmission lines and the even-odd mode analysis method specific for microwave circuits. The
analogy is valid if only is propagating throughout the waveguides. This simulation method is relatively
simple, fast and accurate.
In all proposed logic configurations one port encodes the output of the logic operation, the others
acting as inputs. In particular, it is shown that a 3-port ring-shape configuration can implement the two-bit
OR, XOR, CNOT or AND logic gates depending on the relative phase between the inputs and the output
intensity value corresponding to the logic 1 state, while the universal three-bit CCNOT (Toffoli) logic gate
can be implemented by a 4-port MDM ring waveguide. However, in the last case the output is very sensitive
to any change in the multitude of available parameters, such as the complex input signals and the lengths of
the ring sections between the inputs. As a result, a stable, fault-tolerant implementation of the Toffoli gate
can be achieved by cascading two 3-port ring-shaped configurations, the output of each of them depending
on a smaller number of parameters.
The results of the simulations show that ring-shaped MDM plasmonic waveguides, which are compact
and can be fabricated using localized oxidation nanolithography and/or electron beam lithography, are at the
same time versatile logic circuits and can be cascaded in order to implement more complex computing
circuits.
Acknowledgement: This work was supported by a grant of Ministery of Research and Innovation,
CNCS-UEFISCDI, project number PN-III-P4-ID-PCE-2016-0122.
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INTERACTION BETWEEN DENSE PLASMA JETS AND DUSTY CRYSTALS
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Many experiments can be achieved using a coaxial plasma gun. This tool made of two electrodes (a long
centred rod and a coaxial outer cylindrical shell) was applied to the acceleration of dust particles at
hypervelocity [1], to the cleaning of various surfaces covered with dust [2-3] and to the production of dense
plasma jets for testing fusion materials [4]. In our new experiments we studied the interaction between a
pulsed plasma jet ejected from the coaxial gun and a dust crystal produced in a radio-frequency plasma. The
essential feature that we have introduced in the experiments are a thin slit or small holes to get a thin layer of
plasma or a "multi jet" in order to interact with just one layer of the crystal. The coaxial plasma gun was
powered by a capacitor charged up at 2 kV. The ejected plasma had a speed of a few km s-1, a peak electron
temperature of ~10 eV, and peak electron density of ~1021 m-3. Interesting phenomena such as dust particle
acceleration, particle oscillations and dusty plasma instabilities were observed.
References:
[1] C.M. Ticos, Z. Wang, L. A. Dorf, G. A. Wurden, A plasmadynamic hypervelocity dust injector for the
National Spherical Torus Experiment, Rev. Sci. Instr. 77, 10E304 (2006).
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19, 063006 (2017).
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The utilization of graphene in various applications is a real challenge and often their use some
changes are requires after synthesis. The most convenient way for handling and functionalization of these
nanomaterials is the use of their suspension. The treatment of suspension by plasma (in contact with or
immersed in) are eco-friendly, promising and quite recent approach for functionalization.
In the present study, we used an RF plasma jet [1] submerged in graphene oxide (GOx), and reduced
graphene oxide (rGO) dispersed in distilled water with a concentration of 1 g/l. The functionalization of
graphene suspension was achieved by introducing in the argon discharge reactive gases like oxygen,
nitrogen, ammonia or by adding acetonitrile as reactive liquid.
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Drops of treated suspension was dried on
silicon substrate and submitted for
characterization. The morphologies and
structures of treated graphene were preserved
(SEM and Raman investigation), while the
surface chemistry are modify. The FTIR and
XPS results indicate new functional group
added at the graphene surface. Also we
observed the modification in the conductivity
of plasma treated graphene. We found and
easy methods and efficient methods for Figure 1. a) Images of plasma torch immersed in rGO
funtionalization of graphene directly in their suspension and b) XPS general spectra of treated rGO
suspension. Specific functional groups containing oxygen and nitrogen could be introduced in both
suspensions (GOx and rGO) and their amount could be controlled by choosing right plasma parameters for
treatment.
Keywords: plasma in liquid, graphene functionalization, nitrogen incorporation
Acknowledgements: This work was also partially supported by a grant of the Romanian Ministery of
Research and Innovation, CCCDI - UEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0387/ 80PCCDI/2018 EMERG2Ind, within PNCDI III”
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ANALYSIS OF THIN POLYANILINE FILMS OBTAINED BY DC PLASMA
POLYMERIZATION REACTOR
B. Butoi, P. Dinca, A. Groza, V. Barna, C. Staicu, O. Pompilian
National Institute for Lasers, Plasma and Radiation Physics,Magurele,Romania
Thin polymeric films have a huge interest in research due to their properties (conductivity, elasticity
toughness, etc.), that can be modified by inducing changes in the structure and composition. This work is
focused on characterization of thin polyaniline films obtained by plasma polymerization. The polymeric
films were deposited in a custom-made device that blends the plasma polymerization technique with the
oblique angle technique, in an effort to control the resulting structural and morphological proprieties. The use
of a direct-current glow discharge in order to initialize and sustain the polymerization reaction offers the
advantage of creating a directional flow of monomer.
Optical emission spectroscopy analysis shows low
temperature heavy plasma constituents, that possess no
thermal influence on the resulting films.
The morphological and structural analysis of 9 deposited
films show how plasma and geometry parameters influence
the resulting proprieties. AFM and SEM measurements
point out that a combination of injected monomer
temperature and inclination angle enhances the formation
of structures on the surface. XRD measurements showed
for the sample deposited at 50 oC and 90o inclination the
formation of nano polyaniline crystals embedded in an
amorphous
matrix,
supporting
the
conductivity
Cross section of PANI sample deposited at
measurements of the sample and FTIR spectra
50oC and 90o inclination
Keywords: polyaniline thin films, plasma polymerization, thin film characterization
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A series of samples containing modified ZrO2 were prepared via citrate method in order to establish
a link between the phase content, optical properties (upconversion emission) of Er activator and the amount
of monovalent co-dopant (Li: 0-15 %) used to control the phase/particle size (Figure 1a). All nanoparticles
were characterized by X-ray Diffraction, Fourier Transform Infrared Spectroscopy,Raman Spectroscopy and
UV-VIS techniques.

Figure 1.Effect of Li addition on the relative phase content (a)and upconversion emission spectra excited at
1527 nm (b) of Er(Li)-ZrO2
Upon pulsed monochromatic laser excitation at 1527 nm, Er displaysthe characteristic green, red and near
infrared (NIR) region (980 nm) emissions with relative intensities depending on the Li concentration (Figure
1b). An interesting result is that for the most intense sample (Er, 5Li-ZrO2) 93% of the total emission is
located in the NIR region making this system a potential candidate for bioimaging applications in the
second/third biological windowsiii.
Keywords: Phase content tuning, photoluminescence, citrate method, doping.
Acknowledgements:The authors acknowledge CNCS-UEFISCDI, project number PN-III-P4-ID-PCE-20160305 for the financial support.
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PHOTOACOUSTIC INSTRUMENT WITH APPLICATION IN ASTRONAUT’S HEALTH
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Oxidative stress is a multifaceted issue and represents a social and health care problem because it
affects many systems. At astronauts can accelerate the atherosclerosis, the risks of kidney stones,
acceleration of age-related changes similar to osteoporosis, impact muscles and also can change the
cardiovascular physiology [1-4].
A new way to measure noninvasively oxidative stress in humans is to measure free radical damage by
analyzing early byproducts of oxidation like exhaled hydrocarbons (e.g. ethylene). Among the health care
approaches of NASA and ESA our research can give an important contribution, the main objective being the
fundamental research in the possibility of the realization of a new instrument with applications in the
analysis of breath biomarkers at astronauts [1-4].
With the advantages of high sensitivity and accuracy, laser photoacoustic spectroscopy has been
proven to be one promising sensing technology for trace gas recognition. Such instrument can be realized
using an innovative, sensitive trace gas detection platform based on photoacoustic spectroscopy [5-7].
In this research, a tunable PAS experimental system based on a CO2 laser was proposed for detection
of different gases. Relationships between the photoacoustic signal and gas pressure, laser power and ethylene
gas concentration were measured and discussed in detail, respectively [5-7].
Acknowledgments: We acknowledge the financial support of the Space Technology and Advanced
Research-ESA, project (C3 2016) no. 153, ID. 603 „Development of an Instrument for Monitoring of the
Astronauts Health” (Acronym: IMAH).
Keywords: laser photoacoustic spectroscopy system, ethylene gas.
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TERAHERTZ GENERATION IN LITHIUM NIOBATE WITH GAUSSIAN BEAMS:
THEORETICAL MODELLING
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Lithium to Niobate is considered presently to be one of the best options for broad-band THz
generation due to its large effective nonlinear susceptibility and high damage threshold. The technique used
to achieve phase matching, tilted-pulse-front excitation, was proposed by Hebling et al [1]. It provides
highest optical-to-terahertz conversion efficiencies nowadays [2], therefore, studying the ways for further
improvement of the technique is very timely.
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The paper present a theoretical study of THz generation by optical mixing of laser pulses with tilted
amplitude fronts in Lithium Niobate. The optical group velocity and the phase velocity of THz radiation are
very different in this material. THz pulse is generated by difference frequency from spectral components of
the same pulse. Using angularly dispersed pulses which also have a tilted amplitude front, the Fourier
transform of the electric field become in a such way that phase matching is achieved in a non-collinear
configuration for each pair of plane waves.
We summarize various techniques necessary to model ultrashort laser pulses based on Kostenbauder
formalism and pointed out key steps to solve the vectorial wave equation for THz radiation. Derivation is
based on paper [3]. Due to generality of the solution given, a very similar method can be applied for other
geometries and other materials.
Our model is 3-dimensional and take into account effects of diffraction, dispersion, linear absorption,
material anisotropy, transmission through air-crystal boundary, but do not consider depletion and cascading
effects. We compute the spectral power density of the emitted THz radiation, efficiency of the system, and
compare with experimental results [4] and previous simulated data [5,6]. We determine the characteristics of
the beam/pulse and of the optical system. A geometrical interpretation in Fourier space is provided for the
phase matching.
Keywords: ultrashort optical pulses, nonlinear wave mixing
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One successful way to tune the electrical, optical and structural properties of SnO 2 nanomaterials is
by doping with metal cations[1]. Here, we present the latest results of our group on the effects of Li addition
on Eu doped SnO2nanoparticles.
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Fig. 1 (a)X-ray Diffraction patterns and crystallitesize of Eu-SnO2 and Eu, Li SnO2;(b) Emission spectra of
Eu-SnO2 and Eu, Li-SnO2 under 300 nm excitation and their respective digital images; (c) Crystal structure
of SnO2, showing a perfect SnO6 tetrahedron with C2h local symmetry (with inversion center) around Sn.
The emission spectra are characterized by relative strong three 5D0–7F1 lines around 590 nm being
readily assigned to Eu substituting for Sn in C 2h lattice sites with no defect in the nearest
neighborhood(the so called isolated center, [2]).The incorporation of Li ions into SnO2 lattice induced an
increase of the crystallite size (Figure 1a) and a remarkable enhancement of photoluminescence intensity
(Figure 1b) by a factor of 75, being one of the largest enhancement factors reportedso far in the literature,
irrespective of the lanthanide activator or host type.Such remarkable emission enhancement is discussed in
terms of improved crystallization and reduction ofEu-defect associates.
Keywords: photoluminescence enhancement, tin oxide Eu dopednanoparticles, Li addition
Acknowledgements: The authors acknowledge CNCS-UEFISCDI, project number PN-III-P4-ID-PCE2016-0305 for the financial support.
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SCATTERING MATRIX APPLICATION FOR PROPAGATION OF
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The scattering matrix formalism for electromagnetic wave propagation modeling in stratified media
structures. A recurrent scattering matrix formalism for electromagnetic wave propagation modeling in
stratified media structures. The Python procedures are computationally efficient and stable. For a series of
case study, it is applied successfully to the modeling of total attenuated reflection in nematic liquid crystals.
In the figure below, re presented the preliminary testing results in comparison with the outcomes form
the literature.

Keywords: scattering matrix, computational approach, numerical symulation.
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COMPARISON BETWEEN DIFFERENT SCATTERING MATRIX SOFTWARE
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The scattering matrix formalism for electromagnetic wave propagation modeling in stratified media
structures. The MAPLE and Python procedures are compared related to the computationally efficiency and
stability. For a series of cases study, were applied successfully to the modelling of total attenuated reflection
in stratified media. If designing and deploying in MAPLE is much easier and it allows analysis of numerical
results, it should be stressed that the running time is real and the resolution of the results obtained is
comparatively poor.
When deployed in Python, programming is much more difficult. The running time is very good and
the resolution of the results is very good.
The Python implementation has interesting features and the results are promising.
Keywords: scattering matrix, computational approach, numerical symulation.
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Tungsten is desired to be used as main material for plasma facing components in ITER. The recent
studies showed that the W suffers transformation during exposure to plasmas generated in helium. These
modifications can be surface erosion, blistering, fuzz formation.
In this contribution, we present results regarding the behaviour of W surface upon He and He/H 2
plasma exposure at high temperatures. In order to obtain high temperatures, a RF (13.56 MHz) parallel plate
hollow cathode configuration was used. The active RF electrode consists in two tungsten plates (30x15x0.1
mm and 30x15x3 mm) placed face to face and separated by a gap of 3 mm. The other electrode is
represented by the grounded chamber walls which has much larger area than that of the parallel plate
electrode. The area asymmetry leads to negative self-bias of the active electrode, sustaining the hollow
cathode effect. The samples under study were mounted as part of the parallel-plate electrode. The tungsten
samples were heated using He or He/H2 plasma mixture with different concentration of H 2 (10-50%). Using
different power values, different temperatures were obtained. The exposure time was varied in the range 3090 minutes. During plasma heating, the temperature was measured by an optical pyrometer.
Optical microscopy, SEM, AFM, weighting, and profilometry investigations were realized on the
exposed surfaces. As plasma investigations, optical emission spectroscopy, V-I characteristics, Langmuir
probes and mass spectrometry investigations were realized and electron densities, electron temperatures, and
species content were determined.
Following the exposure to plasma the surface of sample changed drastically. The treated tungsten
surfaces become porous, and in case of tungsten surfaces He plasma exposure they appear as covered with
bubbles (blistering). The roughness values increased with the temperature increasing. Surfaces were
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differently affected, as shown by optical microscopy, in function of plasma gas mixture, and surface
temperature.
Keywords: ITER, tungsten, hollow cathode, helium.
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S2 P13

ASSESSMENT OF HEAVY METALS POLLUTION IN SEDIMENTS FROM
RESERVOIRS OF THE OLT RIVER AS TOOL FOR ENVIRONMENTAL RISK
MANAGEMENT
Mihaela IORDACHE1), Andreea IORDACHE1), Claudia SANDRU1),
Cezara VOICA 2),Roxana IONETE1)
1)

National Research and Development Institute for Cryogenics and Isotopic Technologies - ICSI Rm.
Valcea, 4 Uzinei Str , Romania
2)
National Institute for Research and Development of Isotopic and Molecular Technologies, 67-103
Donat Str., Cluj-Napoca, Romania

Heavy metals are among the most persistent pollutants in the ecosystem such as water, sediments
and biota due to their resistance at decomposition in natural condition. Metals have low solubility in water
and tend to be adsorbed and accumulated on bottom sediments. The anthropogenic action conduct to the
discharge heavy metals from various sources, industrial, urban, and/or agriculture, to rivers water, that are
ultimately immobilized in marine sediments under current action.In this work, an investigation of the
pollution and ecological risk in waters of Oltriverbased on assessing the accumulation of heavy metals in
sediments is performed. Therefore, heavy metals (Cd, Cu, Ni, Zn, Pb, Cr, Hg, As) were determined in
sediment samples collected from the Olt river basin (middle and lower), by using inductively coupled plasma
mass spectrometry (ICP-MS) which allows us to measure very low concentration levels. To assess the
pollution with heavy metals of the sediments, two main aspects were foreseen in this study: (i) determining
the content and spatial distribution of heavy metals in the Olt River surface sediments, and (ii) calculating
the contamination factor (CF), the geo-accumulation index (Igeo), the pollution load index (PLI), the
Nemerow pollution index (PI), potential ecological risk (RI), and risk assessment code (RAC). This
methodology proves to be an appropriate tool to be applied in decision-making on environmental risk
management.
Keywords: heavy metals, ecological risk, pollution, ecosystem
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In recent years, the terahertz (THz) electromagnetic spectrum (100 GHz – 10 THz) has become of
interest for space, security, science and medicine. THz waves penetrate dielectric materials like paper or
plastic, are reflected by materials with free electrons like metals and are absorbed by molecules with certain
vibration levels within the terahertz band [1-3].
In present the Time Domain Spectroscopy Systems (THz-TDS) use mechanical systems in scanning
process of a sample. The mechanical systems of THz-TDS have low speed in scanning process. Currently
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are looking for new technologies for to increase scanning speed of the THz-TDS systems. A possibility for
increase the scanning speed of a sample is to use a switch on/off plasma for control the THz beam [1-5].
In this paper we have investigate the attenuation of the THz beam by the plasma from inside of the
mercury vapors lamp. In our experiments we used mercury vapors lamp for switch on/off of the THz beam.
Preliminary results have shown that plasma inside the lamp may attenuate the THz beam. So, the plasma
may be a good medium for control the THz beam in scanning process.
Keywords: plasma, THz beam, spectroscopy
Acknowledgements: We thank to The Space Technology and Advanced Research (STAR) program
for financial support in the form of a research grant : Contract No. 161/20.07.2017, Contract No.
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Recently, magnesium alloys have gained much attention for being some of the lightest structural
materials around, but their inherent weakness has limited their use. As can be seen the use of magnesium
binary alloy is predicted to rise at a similar rate to that of other metals well into the new century. One
possible solution to improving the performance of magnesium in these conditions is alloying with other
elements, especially Cu, Ca, Mn, Y, Zr and, towards this end, Al and Zn alloys are considered among the
most promising.
Mg-Zn coatings were synthesized by Laser Thermionic Vacuum Arc (LTVA) technology, it is a
novel concept of the well known romanian method: Thermionic Vacuum Arc (TVA). This technology
combines conventional plasma deposition and laser source to produce new materials with a highly scientific
and economic impact.
The aim of this paper is to analyze the structure and the morphology of the nanostructured Mg-Zn
films deposited by Laser Thermionic Vacuum Arc (LTVA) technology as well as wettability in terms of
surface free energy. The thin films surfaces were examined using a TEM (Phillips CM 120 ST, acceleration
voltage of 120 kV, resolution point of 1.4 Å and a magnification of 1.2 M) and Scanning Electron
Microscopy (SEM, Zeiss EVO 50 SEM).
The low roughness, smoothness and uniformity suggest that Mg-Zn thin films deposited by LTVA
technology could be considered as valuable advanced coatings magnesium-based materials for automotive,
aerospace, aircraft applications.
Acknowledgements: CNDI–UEFISCDI, project INOVATECH 70/2017
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The aim of the present work is to achieve the controlled synthesis of Mg and Si thin films, with
compact structure and extremely smooth surface, by using the Thermionic Vacuum Arc (TVA) technology,
from elemental grains of magnesium and silicon. Magnesium is a rather strong, light-weight metal with twothirds the density of aluminum. Its hygroscopic property- its ability to absorb water - makes it a great drying
agent. Magnesium silicide thin films have shown great potential regarding Si-based devices, because they
reduce the thermal conductivity provided by phonons.
The surface morphology and wettability of the deposited thin films were investigated using:
Transmission Electron Microscopy (TEM), Scanning Electron Microscopy (SEM) accompanied with energy
dispersive spectrometer and Free Surface Energy (FSE) by See System. For the MgSi thin films deposited
we obtained, measuring by contact angle method, a hydrophilic character of the surfaces.
From the TEM and SAED measurements the identified phases were as following: Mg (hexagonal),
Mg2Si (Cubic), Si (diamond) and MgO (Cubic). From the morphological point of view, MgSi/Gl is
polycrystalline, partial crystallized, with 6 nm diameter of the grains, according to the Debye-Scherrer
relation.
Acknowledgements: CNDI–UEFISCDI, project INOVATECH 70/2017
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The possible existence of bound states of the interacting two-dimensional (2D) magnetoexcitons with
different spin structures in the lowest Landau levels (LLLs) approximation was investigated using the Landau
gauge description. The magnetoexcitons taking part in the formation of the bound state with resultant wave
vector k  0 have opposite in-plane wave vectors k and k and look as two electric dipoles with the arms
oriented in-plane perpendicularly to the corresponding wave vectors. The length of the arms equals to d  kl02 ,
where l0 is the magnetic length. The bound state of two antiparallel dipoles moving with equal but antiparallel
wave vectors in any direction of the plane with equal probability is characterized by the variational wave
function of the relative motion n (k ) depending on the modulus | k | . The magnetoexcitons are composed of
electrons and holes situated on the LLLs with cyclotron energies greater than the binding energies of the 2D
Wannier-Mott exciton, and interact through the Coulomb interactions of their constituents.
The spins of the electrons and the effective spins of two holes forming the bound states were combining
separately in the symmetric or in the antisymmetric forms (    ) with the same parameter   1 for
electrons and holes. Two types of wave functions, one with singlet electron and singlet hole structure and
another one with triplet electron and triplet hole structure were used, leading to completely different bound
states. The mixt states of the type singlet electrons and triplet hole or vice versa do not exist due to the hidden
symmetry of the electron and hole in the lowest Landau levels in the Landau gauge description. Because the
projections of the both spinor states with   1 are equal to zero, the effect of the Zeeman splitting vanishes.
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The para and ortho magnetoexciton states up till now were not investigated and the splitting of their energy
levels is unknown at present time.
In the case of the variational wave function 2 (k )  (8 3 )1 2 k 2l02 e k l the maximum density of the
magnetoexcitons in the momentum space representation is concentrated on the in-plane ring with the radius
kr  1 (l0  ). In the LLLs approximation, when the influence of the excited Landau levels (ELLs), as well as
of the Rashba spin-orbit coupling (RSOC) are neglected, the stable bound states of the bimagnetoexciton
molecule do not exist for both spin orientations. Instead of them, a deep metastable bound state with the
activation barrier comparable with double ionization potentials 2Il of the magnetoexciton with k  0 was
revealed in the case   1 and   0.5 . In the case   1 and   3.4 only a shallow metastable bound state
2 2
0

can appear. In the case of the variational wave function 0 (k )  (4 )1 2 e  k l all the bound states are unstable
and the molecule bimagnetoexciton cannot be formed in the LLLs approximation.
Keywords: bimagnetoexciton, magnetic field, bound states, spin structure.
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2
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An important part of surface science research focuses on surface modifications aiming to control
surface chemistry, wetability and adhesion for interaction with the human body or body fluids and for
medical purposes.
Due to its versatility, high control and precision to modify surface characteristics, electrical gas
discharges (plasmas) are widely used in biomaterials processing [1-4]. Moreover, plasma treatment can
control the material surface-body interactions either by treatment of surface in order to change the roughness
and chemical functional groups at surface level or by coating the surface with a thin film, which can be
metallic, ceramic, polymer, and combinations of them. Nevertheless, knowledge and control of these
parameters may lead to different requirements for plasma sources depending on the application to follow:
variable temperature, controllable UV emission, controlled concentration of active species, and precision in
spatial location.
Using a 70 kHz ac high voltage power supply, with up to 8 kVpp amplitude, a coaxially dielectric
barrier discharge, feeded with He at 2 slm, was ignited. Basic electrical diagnosis was applied for monitoring
the applied vortage and discharge current. Plasma excited species were investigated through optical emission
spectroscopy. Several polymeric surfaces, with biomedical applications, were plasma treated in order to
prove the plasma source efficency in terms of surface modifications (e.g. hydrophilicity and surface
roughness). A correlation of optimum plasma parameters (applied voltage, discharge current, plasma light
intensity) and treatment time with morphological and chemical modification of plasma exposed materials
was performed. Based on these experimental findings, our plasma source is suitable for modifying polymeric
materials for biomedical applications.
Keywords: atmospheric pressure plasma, OES, plasma-surface interactions.
Acknowledgements: the support of UMF Iasi GI no. 30339 / 28.12.2017 is highly acknowledged.
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99

S2 – Laser, Plasma and Radiation Physics and Applications

[4] A. V. Nastuta, I. Topala, V. Pohoata, I. Mihaila, C. Agheorghiesei, N. Dumitrascu, Atmospheric
pressure plasma jets in inert gases: electrical, optical and mass spectrometry diagnosis, Rom. Rep. Phys.,
69(1):407 (2017);
S2 P19

INVESTIGATIONS ON THE EFFECT OF SUBSTRATE BIAS ON THE GROWTH OF
VERTICAL GRAPHENE SHEETS VIA PECVD PROCESS
Neha GUPTA1, Suresh C. SHARMA1, and Ravi GUPTA1
1
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A multiscale numerical model is used to study the influence of substrate bias on the plasma
composition and characteristics to provide insight into the evolution of growth characteristics of vertical
oriented graphene sheets (VOGS) in CH4/H2 plasma. The variations of fluxes, densities, and velocities of
plasma species i.e., electrons, positively charged ions and neutrals (which are the essential parameters for
VOGS growth model) near the substrate with substrate bias are investigated using the Inductively Coupled
Plasma (ICP) module of COMSOL Multiphysics 5.2 and are then coupled with the analytical growth model
of VOGS. The analytical growth model of the VOGS comprises several surface processes responsible for
the formation of clusters on the catalyst surface, nucleation and coalescence of graphene islands to form flat
graphene sheet, and vertical growth of the graphene sheet due to stress generated at the graphene island
boundaries and due to continuous supply of carbon at the growing VOGS. The results of the present
investigation indicate that the electric potential due to the plasma sheath and ion energies augments with the
increase of the substrate bias which consequently enhances the carbon deposition on the catalyst surface and
thereby increases the number density and growth rate of the VOGS. Some of the results of the present work
are in compliance with the experimental observations.
Keywords: graphene sheet, plasma, PECVD, substrate bias
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EFFECTS OF PRETREATMENT METHODS ON THE ENAMEL SURFACE
IMPROVING SEALANT ADHESION
A. ROTARU-BIRGAOANU1, T.TESLARU2, R. I. OLARIU3, I. CHIRAP 4, L. SACHELARIE5, N.
DUMITRASCU6
1.2,4,6

Iasi Plasma Advanced ResearchCenter (IPARC), Faculty of Physics, Alexandru Ioan Cuza University of
Iasi, Romania
3
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5
Faculty of Dentistry, ApolloniaUniversity of Iasi, Romania

The aim of this study is to investigate the effects induced by three pretreatment techniques used to
improve sealant adhesion on the enamel surface, respectively standard acid-etching, UV radiations and a new
method based on plasma operating at atmospheric pressure, namely the PlasBeam method.
Our in vitro studies is to compare the effects induced by the standard acid-etching, UV radiations
and plasma, as techniques that improve the sealant adhesion on the enamel surface. Special attention is
dedicated to a method based on plasma operating at atmospheric pressure (named the PlasBeam method),
proposed as an alternative pretreatment, due to the lower penetration in the enamel depth, dry conditions and
short-term procedure.
Materials and methods
Three methods, respectively standard acid-etching, UV radiations and PlasBeam method are used to
compare their effects related to the tooth surface adhesivity. The physical and chemical effects have been
analyzed by Contact Angle Measurements (CAM) and invitroby measurements of enamel optical properties
using the Diffuse Reflectance Spectroscopy (DRS).
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Results
In order to improve sealant adhesion at the enamel surface, three pretreatment sources were used,
significantly different in terms of energy values, action duration, penetration depth and interface interaction
mechanism.
In the case of UV pretreatment, the energy of photons is high enough to break down most of the bonds
related to enamel chemistry, which could induce physical and chemical modifications favorable to the
enhancement of sealant at the surface.
In the case of PlasBeam, a low-temperature non-equilibrium plasma working at atmospheric
pressure, the energies are different, the main carriers being the electrons and ions with energies up to 10 eV
and 0.1 eV respectively, as well as the excited species and the photons. In this way, some similarities with
the case of UV radiation may be expected. A rough surface is better for adherence of sealant at the enamel
surface, providing a larger contact area between the sealant and the enamel surface and an easy way to
penetrate fissures and pits.
The acid treatment is the most aggressive method inducing pores, grains and cracks up to dentin, thus
initiating a process of degradation. In our study we demonstrated that even if acid-etching is the most
efficient method in increasing roughness, it degrades the enamel surface, while PlasBeam improves
roughness more than the UV radiation without stimulating degradation processes.
Conclusions
Different types of energy sources, namely chemical (acid-etching method), radiations (UV radiation
method) and energetic free particles and radiations (PlasBeam method) were used to generate certain enamel
surface modifications, used to enhance sealant adhesion. In this study we have demonstrated that the
PlasBeam pretreatment is the most efficient methodto improve sealant adhesion onto the enamel surface.
Keywords: enamel surface, acid-etching, UV radiation, PlasBeam treatment, sealant adhesion
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ANALYSIS OF THERMOLUMINESCENCE EMISSION ABOVE ROOM
TEMPERATURE FROM ZEOLITE MATERIALS
RaduSETNESCU1,2, Tanta SETNESCU1, AncaGHEBOIANU3, Marius LUNGULESCU2, Iulian
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The analysis of TL emission above room temperature from molecular sieves (type A zeolite) and
natural zeolite material was studied. Physico-chemical characterization by FTIR- ATR, XRD and SEM/
EDX confirmed the zeolite structure of the studied materials. The natural zeolite was identified as either
clinoptilolite (Ca) - DB card number 01-089-7538 or heulandite K - DB card number 04-012-3686, while the
molecular sieves were identified as zeolite A (Na, Ca) - DB card number 01-080-6159. Both materials
presented TL emissions above room temperature.
An intense wide glow peak showing a maximum near 140 °C was observed with the natural zeolite
when the heating rate was 0.4 K/s. A second peak, broad and very weak in intensity with a maximum at
around 360 °C is also observed. The peak symmetry, calculated with the parameters at the half width was
0.57. This long tail suggests intense re-trapping processes on possibly different traps. The apparent activation
energy of the process, calculated with the well-known Urbach relationship Ea (eV) = Tm (K)/500 was 0.82
eV. After 80 h storage at 5 °C in a refrigerator, the intensity slightly diminished while the T m value rightshifted by around 2 °C and the symmetry factor value increased to 0.57. However,the activation energy
remained practically unchanged.
With the molecular sieves, a three peaks structure was observed. For a heating rate of 0.4 K/s, the
first peak is observed at ca. 120 °C, while the second one is at around 190 °C. The height ratio of these peaks
is 1.4:1 while the height ratio of the peak in natural zeolite and the first peak in molecular sieves is around
10:1. The third peak observed for the molecular sieves is the most intense for this material and hence it is
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specific. The considerably higher intensity can be assigned to a more disordered structure of the natural
zeolite.
From our data, it appears that the peak structure of the glow curves is specific even both zeolites
presented similar porosities, i.e. 4 Å. Taking into account the peak width, the occurrence of trap distributions
appear possible for both materials.
The financial support of Ministry or Research and Innovation through Grants No 04-4-11222015/2017 (4408-4-15-17) and 03-4-1128-2017/2019 (4618-4-17/19, 4620-417/19) is acknowledged.
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PLASMA IN MEDICINE
Mihaela PAPUSA VASILIU, Liliana SACHELARIE, Laura ROMILA, Daniela TOMITA
Apollonia University Iasi, Romania
Plasma environments are physical systems that are electrically neutral, comprising electrons, ions,
free radicals and neutral molecules and excited particles, produced by the action of high temperatures, strong
magnetic fields or electrical discharges in gases. Usually, it is used the luminescent non-destructive electric
discharge technique of low or high frequency, in gases (air, oxygen, nitrogen, argon) at an appropriate
pressure (10-2–10 Torr), using continuous or alternating current and it can be obtained low, medium or
completely ionized plasma environments.
Plasma produces both morphological and chemical changes of the surface and free radicals on the
polymers surface. For the chemical processing of textiles, is using plasma at low temperature below 1500 oC,
respectively "cold" plasma, which excludes the thermal damage of the polymers. The treatment of polymer
materials in plasma can produce a superficial corrosion of the surface, cross-linking, activation and
deposition of films on polymer surface.
The use of plasma of low temperature is based on the chemical combination of the surface of the fibrous
substrate with the gaseous active species produced in the plasma, having as result the "corrosion" or
"exfoliation" effect since the gaseous products of the reaction are removed from the system due to the
vacuum that is continuously kept. In a plasma environment the molecular oxygen is converted to atomic
oxygen, the carbon from the substrate into CO or CO2, the other gases (nitrogen, hydrogen, etc.) being able
to induce the formation of new features on the polymer surface, functions which contain oxygen and are
capable of forming hydrogen bonds with water.
Plasma-activated water (PAW) is a method well suited for microbiological decontamination
treatments, both by the chemical species that it contains, and the fact that the reactions induced continue for a
relatively long duration of time (TPDR effect). The fact that the microbiological target that is intended to be
treated is not the subject of direct effect of the plasma action offers another major advantage that is to avoid
the possibility of additional contamination of the target due to blowing gas needed to produce GlidArc.
Previous studies have demonstrated that through the activated water it can be obtained a reduction up to 10
logarithmic units of colony-forming units.
Keywords: plasma, water,decontamination, chamges
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FUNCTIONALIZATION OF GRAPHENE TROUGH PLASMA TREATMENT OF THEIR
LIQUID SUSPENSION
Sorin VIZIREANU1*, Maria Daniela IONITA1, Silviu Daniel STOICA1, Lavinia Gabriela CARPEN1, Ioana
ION2, Gheorghe DINESCU1
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The utilization of graphene in various applications is a real challenge and often their use some
changes are requires after synthesis. The most convenient way for handling and functionalization of these
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nanomaterials is the use of their suspension. The treatment of suspension by plasma (in contact with or
immersed in) are eco-friendly, promising and quite recent approach for functionalization.
In the present study, we used an RF plasma jet [1] submerged in graphene oxide (GOx), and reduced
graphene oxide (rGO) dispersed in distilled water with a concentration of 1 g/l. The functionalization of
graphene suspension was achieved by introducing in the argon discharge reactive gases like oxygen,
nitrogen, ammonia or by adding acetonitrile as reactive liquid.
Drops of treated suspension was dried on
silicon substrate and submitted for
characterization. The morphologies and
structures of treated graphene were preserved
(SEM and Raman investigation), while the
surface chemistry are modify. The FTIR and
XPS results indicate new functional group
added at the graphene surface. Also we
observed the modification in the conductivity
of plasma treated graphene. We found and
Figure 1. a) Images of plasma torch immersed in rGO
easy methods and efficient methods for
suspension
and b) XPS general spectra of treated rGO
funtionalization of graphene directly in their
suspension. Specific functional groups containing oxygen and nitrogen could be introduced in both
suspensions (GOx and rGO) and their amount could be controlled by choosing right plasma parameters for
treatment.
Acknowledgements: This work was also partially supported by a grant of the Romanian Ministery of
Research and Innovation, CCCDI - UEFISCDI, project number PN-III-P1-1.2-PCCDI-2017-0387/ 80PCCDI/2018 EMERG2Ind, within PNCDI III”
Reference:
1. M.D Ionita, S. Vizireanu, S.D. Stoica, M. Ionita, A. M Pandele, A. Cucu, I. Stamatin, N.C. Nistor, G.
Dinescu, Eur. Phys. J. D 70 (2016), 31.
Keywords: plasma in liquid, graphene functionalization, nitrogen incorporation
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THE INFLUENCE OF Be,W AND Be-W DC MAGNETRON SPUTTERING CODEPOSITED LAYERS ON DEUTERIUM DESORPTION
P. Dinca1, O.G. Pompilian1 ,C. Porosnicu1, B. Butoi1, I. Burducea2, C. P. Lungu1
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The understanding of plasma surface interaction in a magnetically confined fusion device represents
a critical design criterion. One research area is focused on the impurity production rate and material erosion
during steady state operations and when transient events such as edge localized modes occur. This in turn
leads to another problem, which is the ability of newly formed co-deposits to retain plasma species
(deuterium and tritium). For International Thermonuclear Experimental Reactor (ITER) it is expected based
on computational simulations of Joint European Torus results that materials eroded from the plasma facing
components will result in a 400 nm thick co-deposits, only for a 500 s fusion plasma discharge. Since there is
a 700 g tritium inventory-imposed limit on ITER, the accumulation of nuclear fuel in Be, W and Be xWy codeposits will influence the operation period between maintenance shutdowns. So, the study of this codeposits in the laboratory frame is important in order to extrapolate relevant data to make accurate
predictions regarding the tritium inventory and mobility for ITER. In this study we aimed to understand the
deuterium retention and release behavior for Be, W and Be-W co-deposits. These co-deposits were obtained
by sputtering the materials using DC magnetron sputtering in a reactive deuterium atmosphere. The obtained
layers had a well-defined thickness of 500 nm. The morphological analysis performed by SEM show a
significant difference of surfaces between the samples co-deposited on silicon substrate and the samples
deposited on tungsten substrate. The XRD results indicate the presence of BeO, W and BeD 2
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crystallographic phases evidenced by their respective orientations. The crystallite dimensions calculate W
metallic phase show a decrease with one order for Be-W mixed layers compared to W layers. The depth
profiles obtained from RBS measurements confirm the desired Be and W ratios in the mixed layers. Another
interesting result indicate a low oxygen contamination for mixed layers due to the compact nature of the
layers which inhibit the interstitial retention of oxygen. The TDS results indicate an increased retention of
deuterium for layers co-deposited on tungsten substrates compared to the ones deposited on silicon
substrates. Also, in the case of mixed films the D retention showed increased levels for sample with a higher
Be content. The D realease behavior indicate both continuous desorption specific to W and trap release
behavior specific for Be.
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SYSTEM FOR SPACE CONDITIONS THERMAL VACUUM TESTING
OF SATTELITE DISH ANTENNAS
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The purpose of the test system is to expose the coated satellite dish breadboards to representative
space conditions – a vacuum state combined with repeated cycling between high and low thermal extremes,
such as their likely flight performance to be assessed. In vacuum the heat transfer occurs only by radiation,
as the convection is no longer possible in the absence of air. In spece, at the transition zone, the parts facing
the sun become hot while those facing deep space keep cool, the resulting thermal gradients inducing thermal
deformation and stress.
The system’s cylindrical vacuum chamber measure 50 cm long and 60 cm in diameter, with two
sliding doors. The chamber's vacuum is achieved using a pumping systems with a 12 m3/h mechanical pump
and a 500 l/s turbopump. The pressure is measured by wide range type gauges. The vacuum chamber walls
are water cooled; inside it, close to the walls, a thermal screen (stainless steel) provids a disconnection of the
thermal flux between the walls and the test volume, which is surrounded by a closed copper thermal
envelope, which can be cooled down to -180 0C by circulating liquid nitrogen through copper pipes brazed
on the envelope’s wall. The 12 quartz lamps (6 kW maximum power) located inside the vacuum chamber
can heat the envelope up to +180 0C.
The items to be tested are installed on stainless steel holders inside the thermal envelope. The
termperature inside the envelope and on the tested items is measured by 8 CryoPT sensors. All the described
system is controlled by an industrial computer with data acquisition and electronic control modules for the
electrical power, fluide valves and instrumentation for vacuum and temperature measurement. The process
data can be stored for later evaluation.
The thermal vacuum testing represents the closest possible replication of space conditions being
reproduced on the terrestrial surface, with prolonged testing serving to identify otherwise unknown defects in
materials, processes and designs.
Keywords: thermal vacuum testing, space conditions.
Acknowledgement: This work was supported by a grant of the Romanian Space Agency, STAR Program,
ITAR Project no. 135/2017.
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THE COMBINATION OF WEDGE FIELDS FOR DETERMINING AN ARBITRARY
EFFECTIVE WEDGE ANGLES, IS NOVEL STRATEGY IN RADIOTHERAPY
Tahmasebi Birgani MJ., Shamsi A., Behrooz MA, Arvandi S, Fatahiasl J, Maskny R, Abdalvand N.
Department of Medical physics, Golestan Hospital, Ahvaz Jundishapur University of Medical Sciences,
Ahvaz, Iran
To create and optimize dose distribution, wedge filters are commonly used in radiotherapy. This
eliminates hot spots and creating a uniform dose in the target volume for treatment of cancer patients. In
radiation therapy unit like linear accelerator (linacs) or cobalt60 unit, there are few standard physical wedges
with nominal angles. To produce an arbitrary wedge angle or designing a motorized wedge or dynamic
wedge in therapeutically linacs, the combination of wedge fields for determining an arbitrary effective wedge
angles, is novel strategy. The isodose curves can be also derived for these wedges. Here, we performed the
dosimetry of Varian Clinac 2100C/D with ScanditronixWellhofer water blue phantom, CU500E, OmniPro Accept software and 0.13cc ionization chamber for 6Mv photon beam in depth of 10cm (reference depth) for
universal physical wedges (15°, 30°, 45°, and 60°) and reference field 10x10cm2. For each field, isodose
curve standard wedge fields were combined with compatible weighting dose (r) and the effective isodose
curve is calculated for any wedge angle. The relation between a given effective wedge angle (W) and the
weighting of each combined wedge fields was derived. The equation r=[tanW-tanW1]/[tanW2-tanW1] was
achieved in this analysis where the W is effective wedge angles and W1and W2combined wedge angles. A
good agreement was found between the measured and calculated wedge angles and the maximum deviation
was around 3° or less. The difference between the measured and calculated data reduced when the combined
wedge angles were closer. This technique showed that the obtained effective wedge angle from this method
is adequate for clinical applications and the motorized wedge formalism is a special case of this
consideration. Besides, the results are in agreement with the motorized single wedge appliance in the
literature.
Keywords: Universal physical wedge; PROFILE; megavoltage photon beam; Radiation therapy
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ENTANGLED GAMMA PHOTONS
Rares SUVAILA
Horia Hulubei National Institute for Physics and Nuclear Engineering, Magurele, Romania
Imaging technologies have a massive impact in a large number of fields from medicine to heavy
industry. Thus, the importance of their development is difficult to overstate. Traditional methods are based
on the direct detection of particles (photons, electrons, etc.) which interacted with the object. Recently
several imaging techniques have been developed, each providing specific benefits. Among the variety of
visualization methods ghost imaging is one of the simplest to implement, yet it has some remarkable
properties. This technique involves coincidence measurements between two beams of classic or quantum
correlated particles. The most distinctive characteristic of this method is that images are formed by photons
that don’t actually interact with the object, in contrast with classical methods. Ghost imaging has been
successfully demonstrated for several particles including neutrons, photons (microwaves, IR, soft X-rays),
electrons and very recently atoms. The experimental methods strongly depend on the radiation type and
energy of the particles employed. The aim is to extend ghost (coincidence) imaging to the range of hard X
and gamma rays. X-rays are widely used in medical imaging and gamma-rays in nondestructive testing.
Gamma radiation is usually generated in nuclear de-excitations; hence gamma measurements are one of the
most widespread experiments in nuclear physics and several related applications. We intend to open a door
towards the latter. Among the advantages of using high energy electromagnetic waves for imaging we
mention their penetration power and their improved resolution. This means a higher ionizing radiation dose
but also the ability to obtain information from environments unavailable to lower energy photons. The goal is
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to develop and adapt the theoretical framework and to demonstrate experimentally ghost imaging with
quantum correlated gamma photons. Clearly, extending the domain to the gamma energy range involves
some fundamental prerequisites. We need to create, adapt and extend building blocks compatible with the
gamma energy range. Materials and methods, techniques and instruments must fit the frame of this
previously unexplored energy domain. Then we will be able to refine the new experimental protocols and
develop further applications.
S3 L3

INVESTIGATIONS OF MAGNETIC NANOSTRUCTURES USING NEUTRON PLANAR
WAVEGUIDES
Sergey KOZHEVNIKOV
Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research, Dubna, Russia
Neutron planar waveguide is a tri-layer film which transforms the conventional neutron beam of the
width of 0.1-10 mm into the narrow microbeam of the width of 0.1-10 µm [1,2]. Neutron beam with the
wavelength about 0.4 nm falls on the film surface under a small grazing angle about 0.4, tunnels through the
upper thin layer of the thickness about 20 nm into the middle layer of the thickness about 150 nm and is
reflected from the bottom thick layer about 50 nm. Due to the multiple reflection, the neutron wavefunction
density is resonantly enhanced in the middle layer. Then the neutrons propagate along the middle layer as in
a channel on the distance of several millimeters and go out from the edge as a narrow slightly divergent
microbeam. Then the neutron microbeam from the edge can be used in two ways.
The first way is using the narrow polarized microbeam to scan of magnetic microstructures with high
spatial resolution. In [3] we scanned the magnetic amorphous magnetic microwire of the diameter of 190 µm
with the step 20 µm by the polarized neutron microbeam of the width of 2.6 µm. The neutron microbeam
width depends on the neutron wavelength, the channel width and the distance between the waveguide and the
investigated sample. The microbeam width defines the spatial resolution of the scan. We present the recent
results on characterization of the angular width of the microbeam. It is shown that the angular width of the
microbeam is described by Fraunhofer diffraction on a narrow slit.
The second way is the investigations of a weakly magnetic film which is used as a middle layer of the
waveguide [4]. The initially polarized neutron beam is used. The neutron microbeam intensity is measured as
a function of the grazing angle of the incident beam. The difference of the incident angles for neutron spin up
and spin down gives directly the magnetization magnitude with the high sensitivity about 10 G. In [4] the
magnetic film TbCo5 with the saturation magnetization about 200 G was investigated. Such weakly magnetic
films containing rare-earth elements are widely used for the development of new methods of magnetic
recording and switching. Now we present the results of the investigations of the film TbCo 11 with the
magnetization of saturation about 6 kG. The non-magnetized state in a low external field was investigated
using polarization analysis. The neutron spin-flip in the microbeam intensity was observed. This fact
indicates to magnetically non-collinear state of the film.
Keywords: planar waveguide, neutron microbeam, channeling, magnetic nanostructures.
This work was supported by the scientific project JINR-Romania in 2018.
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NUCLEAR PHYSICS AT THE TANDEM LABORATORY OF IFIN-HH
Nicolae MARGINEAN1
1
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During the last decade the Tandem Laboratory of IFIN-HH was continously developed, reaching at
present the technical and scientific level expected for the international facilities in the field of low energy
nuclear physics. This status was further recognized at European level with the inclusion of the Tandem
Laboratory among the research infrastructures that benefit from the Transnational Access support through
the H2020 ENSAR2 project. The presentation will give an overview of the experimental possibilities in the
low energy nuclear physics at the Tandem Laboratory of IFIN-HH as well as selected examples of recent
results obtained following experiments performed at the facility.
Keywords: experimental nuclear physics, nuclear spectroscopy
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APPLIED PHYSICS STUDIES AT ELI–NP
Calin Alexandru UR
Extreme Light Infrastructure – Nuclear Physics, IFIN–HH, Magurele, Romania
Extreme Light Infrastructure – Nuclear Physics (ELI-NP) facility will provide laser and gamma beams
with unprecedented characteristics for nuclear physics research and applications [1]. The gamma beams to be
delivered at ELI–NP will exhibit: high spectral density of about 104 photons/s/eV, high monochromaticity
(bandwidth of less than 0.5%), continuously tunable energy in the range 0.2 – 19.5 MeV, linear polarization
of more than 95%. The high power lasers, with exit ports at 0.1, 1, and 10 PW will create ultra dense, ultra
short, high–energy and high–resolution nuclear beams as well as coherent X–ray sources. These beams are
promising tools for addressing a wide range of applications from medical research to nuclear safety.
A broad biomedical research program anchored in the unique ELI-NP capabilities is currently being
developed at ELI–NP and addresses topics, such as: production of radiotherapy relevant nuclear beams,
radiobiological effects of laser and gamma nuclear beams, medical imaging research with laser X-ray
sources and medical isotope production research with laser nuclear beams. Research efforts aims at
enhancing the spatial resolution of medical imaging by using laser driven X-ray sources as well as improving
the biological effectiveness of charged particle therapy by using ultra–short/ultra–intense laser accelerated
charge particle pulses. Production of radioisotopes with medical relevance via nuclear reactions driven by
laser and gamma beams is also considered.
On the other hand, highly penetrating (high energy) gamma beams with very small energy dispersion
are the perfect tools for active interrogation of special nuclear materials, industrial radiography and
tomography, and cultural heritage studies [2]. Moreover, nuclear resonance fluorescence (NRF) can be
combined with computed tomography to yield 2D/3D maps of elemental/isotopic distributions in a large
variety of objects. CT–NRF mapping done with quasi–monoenergetic gamma beams can be successfully
employed in the detection of special nuclear material, assay of spent fuel or elemental analyses of work of
arts. The unique features of ELI–NP gamma beam coupled with high–efficiency gamma–ray detectors will
meet criteria for high sensitivity NRF measurements that are crucial in these fields [3].
An overview of the applied physics studies envisioned at ELI-NP and the status of the experimental
setups dedicated to these studies is given here.
1. S. Gales et al., “New frontiers in nuclear physics with high-power lasers and brilliant monochromatic
gamma beams”, Physica Scripta 91 093004 (2016).
2. G. Suliman, V. Iancu et al., Gamma-beam industrial applications at ELI-NP, Romanian Reports in
Physics 68, Supplement, S799–S845 (2016).
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3. C. A. Ur et al., Nuclear resonance fluorescence experiments at ELI-NP, Romanian Reports in Physics
68, Supplement, S483–S538 (2016).
Keywords: high power lasers, gamma beams, industrial applications, medical applications.
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TOWARDS A DEDICATED NUCLEAR FORENSICS LABORATORY IN ROMANIA
Raluca MARGINEAN
”Horia Hulubei” National Institute for Physics and Nuclear Engineering, Bucharest-Magurele, Romania
The Nuclear Forensics is a highly specialized field of applied physics dealing with nuclear materials,
mostly containing Uranium or Plutonium, in order to facilitate counter-smuggling investigations and
preventive measures. Using a complex set of measurements it is possible to identify specific signatures in the
investigated sample; these signatures might further lead to the identification of the manufacturer, the legal
owner or the point where the material went out of the regulatory control. Among the most important
signatures of a nuclear material are the isotopic composition, the age, the concentrations of trace elements
and the microstructure, all experimentally accesible in a nuclear physics facility with the complexity of IFINHH. Consequently, during the last years a coherent program started in our institute with the aim of
establishing the first dedicated Nuclear Forensics Laboratory in Romania. The steps taken in the
implementation of this program will be presented, referencing also the experience acquired following the
participation in practical nuclear forensics exercises at international level.
Keywords: nuclear forensics, nuclear materials, isotopic composition
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FLASH DYNAMIC INVESTIGATION BY NEUTRON AND GAMMA IMAGING
Marin DINCA
Institute for Nuclear Research, Campului 1, 115400 Mioveni, Romania
The imaging facility (INUS) with thermal neutrons and gamma radiations supplied in pulsing mode by
the TRIGA Annular Core Pulsing Reactor (ACPR) from the Institute for Nuclear Research (INR) was used
to aquire non-destructive flash images for objects with fast movement parts. ACPR is a nuclear research
reactor operated in steady state with a maximum power of 500 kW and in pulsing mode with a peak power of
20000 MW. For investigations presented in this paper ACPR was operated only in pulsing mode.
There are presented the investigations performed in the flash dynamic mode for an electric chainsaw,
Bosch AKE 30S, at the maximum speed of 9 m/s of the chainsaw and a jigsaw, Bosch PST 900 PEL at
minimum speed of the blade saw, about 3 cm/s, using neutrons and gamma radiations as penetrant probes
registered together by a Lanex regular scintillator.
Scintillations from Lanex were captured by an EM-CCD Hamamatsu C9100-02 camera that can
acquire images from scintillator up to hundreds of frames/s for proper sub-array, binning parameters and
exposure time of the image.
Experiments with electric chainsaw were conducted with various binnings, sub-arrays, electron
multiplications (EM) on sensor and exposure times to optimize working parameters. Experiment with jigsaw
used optimum working determined parameters. In Fig. 1 are presented images obtained for a field of view of
113 mm x 113 mm and 100 frames/s. Exposure time/frame is 0.1 ms for electric chainsaw and 3.8 ms for
jigsaw. EM was 182 for chainsaw and 0 for jigsaw. Quality differences for images (contrast and geometrical
resolution) are observed and discussed concerning exposure time, binning, sub-array and EM necessary to
have analysable images.
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Fig. 1 A flash image of the electric chainsaw (left), a flash image of the jigsaw (middle) formed in
majority by gamma radiations and a flash image of the jigsaw (right) formed in majority by neutrons on a
Lanex regular scintillator
Keywords: flash dynamic neutron and gamma imaging, electric saw investigation
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MEASUREMENTS OF RADON IN SOIL, WATER AND INDOOR AIR IN SIBIU
COUNTY (ROMANIA)
Ancuța ŢENTER (RADU)1, Botond PAPP 1, Kinga SZACSVAI1,*, Bety BURGHELE1, Nicoleta BRIŞAN1,
Alexandra CUCOŞ1, Tiberius DICU 1, Simion BELDEAN1, Carlos SAINZ1,2, Constantin COSMA 1,†
Faculty of Environmental Science and Engineering,“Babeş-Bolyai” University, Cluj-Napoca, Romania
Department of Medical Physics, Faculty of Medicine, University of Cantabria, c/Herrera Oria s/n., 39011,
Santander, Spain
1

2

The last COUNCIL DIRECTIVE 2013/59/EURATOM of 5 December 2013 laying down basic
safety standards for protection against the dangers arising from exposure to ionising radiation, and repealing
Directives 89/618/Euratom, 90/641/Euratom, 96/29/Euratom, 97/43/Euratom and 2003/122/Euratom,
included for the first time exposure to radon in various scenarios as a exposure situation which have to be
under control.
The problem of radon was assumed in Romania at national level by responsible authorities through
the design and the development of a National Radon Action Plan and an adequate legislation.
In order to identify radon risk areas is necessary to perform systematic radon concentration
measurements in all environmental factors, and to mapping the results.
The work present the first version of the Atlas of Radon in soil, water and indoor air for Sibiu
County, in which all the maps are collected and displayed with related information. The total numbers of
measurements include more than 220 indoor radon measurements, 135 soil radon and 160 water
measurements. The whole map was plotted on reference grids with 10 km x 10 km resolution, where in each
grid were performed on average 5 indoor radon measurements, soil radon measurements in 3 locations, and
were measured radon concentrations from 3 collected water samples (from wells and springs). Indoor radon
measurements were performed by using CR-39 nuclear track detectors, exposed for 3 months in rooms of the
ground floor dwellings, according to the NRPB Measurements Protocol. Soil gas radon measurements and
the measurements of the water samples were performed by using the LUK3C radon detector. The maximum
annual indoor radon concentration of the total measurements was 640Bq/m3 and the average value was 105
Bq/m3. In the case of water measurments the high value was 170Bq/L and the average concentration was
calculated at 13,3Bq/L. The results of soil gas radon concentration reveals the maximum of 90kBq/ m 3 and
the average value 26kBq/m3. With this value we can classified the county in a medium geogenic radon risk
area, according with the geological clasification.
A consolidated residential radon survey are in progress under SMART_RAD_EN project based on
indoor radon measurements and the assessment of the indoor air quality in 161 thermal isolating houses in
Sibiu metropolitan area.
Keywords: National Radon Action Plan, radon map, indoor radon.
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CALCULATION OF ENERGY LEVEL, B(E2) AND G-FACTOR VALUES OF EVENEVEN ISOTOPES OF SULFUR USING NuShellX@MSU.
Amin Attarzadeh
Institute for Higher Education ACECR, Khouzestan, Iran
The neutron-rich isotopes with Z≤20, in particular those with neutron numbers around N=28, have
been the focus of a lot experimental and theoretical scrutiny during past few years. The calculation of energy
levels , B(E2) and the g – factor values of 30,32,34,36,38,40,42,44S is divided in three types of interactions
according to the sd, pf and sd-pf valance space. The model space and interaction which is used to calculate
for 30, 32, 34,36S is sd and usdb respectively. Because of increasing the neutron number in 38, 40,42S from
sd to pf shell over, the sdpf and sdpfwb are selected as appropriate model space and interaction in second
phase of calculations which are in good agreement with experimental data. Finally, the energy level of 44S
are calculated as a controversial subject concerning to isotopes with neutron number around N=28. With
consideration of N=28 magicity in this isotope and the prolate-spherical shape coexistence at N=28 in 44S,
the sdpf and sdpfnow are chosen as the best model space and interaction to achieve good agreement between
NuShellX@MSU results for energy level and B(E2) values and experimental data.
Keyword: Shell model, g-factor, Sulfur, NushellX.
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PHYSICAL-CHEMICAL STUDIES ON GAMMA IRRADIATED PARCHMENT
Ion Bogdan LUNGU1, Mihaela MANEA1, Mihalis CUTRUBINIS 1, Ioana Rodica STANCULESCU1,
Lucretia MIU2
1

Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering, IRASM department, Str.
Reactorului Str, Magurele, Romania
2
National Research and Development Institute for Textile and Leather (INCDTP), ICPI Division

Deterioration of cultural heritage objects is due to physical, chemical and biological factors. Among
others, ionizing radiation treatment has the advantages of: the certainty of biocide effect, fastness, mass
treatment (large quantities), no harmful chemicals and residues left in the material. Although, because of the
complexity and diversity of the constituents of cultural heritage items, there is always a question: if the
radiation induces a supplementary degradation in the material. Literature reports show an increased use of
radiation treatment for microbial decontamination of wood, painted wood and paper. Regarding leather and
parchment, there are few data on the behaviour of the physical and mechanical parameters of leather under
the effect of ionizing radiation and even fewer on historical aged materials [1].
The purpose of this study is analyse the influence of gamma irradiation treatment on goat parchment.
There were identified both the radiation doses which have no effect on the mechanical strengh and the ones
who affect negatively the parchment. Mechanical strenght and infrared spectroscopy analyses were
conducted in order to evaluate the influence of radiation doses. There were applied different doses: 3, 6, 10,
15, 20, 25, 35, 50 and 100 kGy. For every dose there were sampled 10 (ten) test specimens for a better
characterisation. Between these radiation doses there were interleaved 4 (four) non-irradiated samples in
order to observe the uniformity and strength of the leather. Non-irradiated samples were placed before 3 kGy
and after 10 kGy, 25 kGy and 100 kGy.
The results indicate that the natural mechanical resistance decrease along with the growth of the
distance from the backbone to the belly area. The higher average value for tensile stress closest to the
backbone, is 38.81 N/mm2 and farthest, 25.07 N/mm2. Regarding the irradiated samples, it was observed a
slight increase of tensile stress average starting from the first irradiated sample with 3 kGy and 32.67 N/mm 2
and 10 kGy with 33.4 N/mm2. Taking into account the value of the standard error of the mean, around 3
N/mm2 it can be concluded that no effects were induced by radiation. Also, no effects were observed for
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doses between 15 kGy and 25 kGy. A slight decrease in strength can be observed starting with 35 kGy and
negative effects can be seen at 100 kGy. Trials are made to corelate the of FTIR results with the parchment
structure pre and post gamma irradiation.
In conclusion, it can be stated that for treatment and decontamination purposes, gamma radiation is
a viable process which does not affect negatively the parchment material.
References
1. Nunes, I., Mesquita, N., Cabo Verde, S., Trigo, M.J., Ferreira, A., Carolino, M.M., Portugal, A.,
Botello, M.L (2012), ”Gamma radiation effects on physical properties of parchment documents:
Assessment of Dmax”, Radiat Phys Chem 81(12): 1943-6.
Acknowledgement: Funding through PCCDI 2017 project PHYSforTeL contr. 44/2018 is gratefully
recognised.
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INTEGRATION OF THE HPD DETECTORS IN THE mCBM EXPERIMENT USING CAD
Laura RADULESCU,Alexandru BERCUCI, Mariana PETRIS, Mihai PETROVICI
“HoriaHulubei” National Institute for Physics and Nuclear Engineering, Bucharest-Magurele, Romania
The mini Compressed Baryonic Matter (mCBM) is a full system test experimental setupat SIS18
accelerator of GSIfor the future CBM experiment at Facility for Antiproton and Ion Research (FAIR) in
Darmstadt. It aims to test and commission the different detector systems with the free-streaming data
acquisition and the fast online event reconstruction and selection. The components of the mCBM setup were
integrated in a 3D model. Our group from Hadron Physics Department (HPD) is involved in the R&D
activities for two CBM subsystems, Transition Radiation Detector (TRD) and Time of Flight (TOF)- based
on the Resistive Plate Counters (RPC). We are reporting here on the mechanical design for the integration in
the mCBM setup of the basic units called modules of the most demanding zones of TRD and TOF systems,
the region of low polar angles (inner zones). The design integrates in the experimental setup the real size
TRD prototype together with its associated front-end electronics (FEE), both of them developed in our group
and the module M1, one of the basic units out of twelve, which are designed for the inner zone of CBM-TOF
wall. The mCBM experimental setup will also allow to test detector prototypes developed for the CBM
systems. A new RPC prototype with 32 strips and the characteristic impedance of the signal transmission line
matched to the one of the FEE channel was designed and will be built. It will be integrated in the mCBM
setup for testing its performance in high counting rate environment, before starting the construction of CBMTOF modules for the inner zone.
Keywords: FAIR, mCBM, RPC, TRD
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IRRADIATION SETUP FOR PROTON RADIOBIOLOGY WITH A PET CYCLOTRON
Ana CHIRIACESCU1,2, Liviu Stefan CRACIUN1*, Tiberiu Relu ESANU1, Mihai STRATICIUC1, Radu
VASILACHE3
1

Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH)
2
University of Bucharest, Faculty of Physics
3
SC Canberra Packard SRL

With the increasing applications of cyclotrons in health care and physics research a variable energy
machine was commissioning at IFIN-HH in 2012. Named TR19 and manufactured by the Canadian company
Advanced Cyclotron System Inc. (ACSI) it represented the core of a new Radiopharmaceuticals Research
Centre. The cyclotron accelerates negative ions (H-) on a vertically arranged plane and by passing the ions
through a thin pyrolytic carbon foil extract proton in the range 14-19 MeV energy and up to 300 microamps.
Medical PET cyclotrons usually run during the night or early in the morning, for the production of
radiotracers that will be used for imaging, such that the beam lines are in principle available for other
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purposes during the daytime. This represents an opportunity to exploit the science potential of these
accelerators well beyond medical imaging applications.
To perform multidisciplinary research the IFIN-HH facility is equipped with a 6 m external beam line that
transfer the protons to an experimental hall, which is always accessible for scientific activities. Radiobiology,
radio physiology, and other dosimetry studies can be performed using this beamline and may contribute to
further improve proton therapy results. Radiobiology experiments require low current beams down to pA
range, while medical cyclotrons are designed for high current operation in the range 10 to 250 microamps.
This study presents first results of our work to demonstrate the possibility of using a medical cyclotron to
produce stable currents in the range of a few pA.
One of the solutions for reducing the beam current is scattering the beam on a wolfram foil. As the
future experiments are aiming irradiating cell samples with protons, the purity of the beam is very important.
A good knowledge of the residual particles distribution, resulted from the interaction of the protons with the
air is very important, since they can induce some unwanted effects in the samples.
For estimating the effects generated by the scattering of the beam, as well as the interaction of the
protons with the environment, Monte Carlo simulations have been made using the FLUKA simulation code.
Keywords: Cyclotron; proton radiobiology; Fluka code
References:
[1] I. Ursu, L. Craciun, D. Niculae, N.V. Zamfir. “The Radiopharmaceuticals Research Center (CCR) of
IFIN-HH at start”, Rom. Journ. Phys., Vol. 58, Nos. 9–10, P. 1327–1336, Bucharest, 2013
[2] *** “Cyclotron Produced Radionuclide: Principles and Practice”, Technical Reports Series 465, IAEA,
Vienna, 2008
[3] Ghithan S et al, “Development of a PET cyclotron based irradiation setup for proton radiobiology”, J.
Instrum.10 P02010, 2015
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SYSTEMATICS OF ALPHA-DECAY HALF-LIVES OF SUPER-HEAVY NUCLEI NEAR
DOUBLE SHELL CLOSURES
I. Silisteanu1 and C. I. Anghel1,2
1

Horia Hulubei National Institute of Physics and Nuclear Engineering, Bucharest-Magurele, Romania
2
University of Bucharest, Faculty of Physics, Bucharest, Romania

We present the calculations of alpha-decay properties of nuclei around magic shell closures in the
framework of many body and “one-body” theoretical approaches in terms of shell model and “one-body”
(asymptotic or resonant) formation amplitudes and reaction amplitudes given by current models for nuclear
structure and reaction dynamics [1-3]. Alpha-decay half-lives are estimatedwith new formulas obtained by
fitting the calculated and experimental half-lives. Systematics of decay properties with themodels withand
without nuclear structure allows us to obtain:
- an accurate spectroscopic information on the decaying states.
- improved predictions for the half lives from the reaction data and theoretical estimations.
-the order of s.p. levels for superheavy nuclei .
1. C. I. Anghel and I. Silisteanu, Phys. Rev. C 95, 034611 (2017)
2. I. Silisteanu, A. I. Budaca, At. Data Nucl. Data. Tab. 98, (2012)
3. A.I. Budaca, I. Silisteanu, Phys. Rev. C 88, (2013).
Keywords: α-decay, half-lives, super-heavy nuclei.
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STUDIES ON ANCIENT ROMAN GLASS USING MICRO-PIXE AND SEM-EDS
Bogdan CONSTANTINESCU1, Daniela CRISTEA-STAN1, Anikó ANGYAL2, Enikő FURU2, Gergő
BÉTÉRI2, Zsófia KERTÉSZ2, Enikő PAPP 2, Zita SZIKSZAI2, Zoltán SZOBOSZLAI2
1

“Horia Hulubei” National Institute for R&D in Physics and Nuclear Engineering, Bucharest, Romania
2
Institute for Nuclear Research, Hungarian Academy of Sciences (MTA Atomki), Hungary

To determine the composition of ancient glass – former (Silica SiO2), alkali flux, stabilizer, colorants
and opacifiers – usually a combination PIXE-PIGE is used. Recently (Nuclear Instruments and Methods B,
vol. 417, pp 105-109, 2018) we demonstrated the capabilities of PIXE-PGAA methods for such analysis. In
the present paper we’ll discuss the possibility to identify all the important glass components during the same
irradiation using PIXE – two detectors, illustrating with the case of Roman glass pieces found in ancient
cities from Moesia Inferior (now Dobroudja). The samples were mainly recipients fragments found in
Tropaeum Traiani, Ulmetum, Oltina. Harsova settlements.
The experiment was performed at Bucharest TANDETRON: 3 MeV protons, approx. 10 nA, 100
microns diameter of the beam to obtain compositional values not influenced by micro-local corrosion and
also to allow the analysis on the narrow edge of the cut samples to totally avoid corrosion aspects. We used
two detectors: one for Low Energy (analyzing Na, Mg, Al, Si, Cl, K, Ca) and other for High Energy ( for Ti
to U region). The first experiment was performed in vacuum on small glass sherds fixed with a carbon
adhesive tape on a stainless steel holder. The final version is an “in-air” - but really in a helium flow –
measurement. The composition was calculated using GUPIX software. To obtain elemental maps some
samples were also analyzed at Legnaro AN2000 microprobe using 2 MeV protons. To verify the PIXE
results on low Z elements a supplementary EDS (Energy-Dispersive X-ray Spectroscopy) analysis was
performed based on a Scanning Electron Microscope (SEM) Zeiss EVO MA15.
All the samples are soda –lime-silica glass type (strong presence of Calcium and reduced presence of
Potassium) with relevant quantities of Antimony or Manganese (to obtain glass transparency) and Lead.
Comments about the different recipes are presented.
Keywords: ancient glass, PIXE-PIGE, SEM-EDS
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STUDIES ON PIGMENTS OF RELIGIOUS MURAL PAINTINGS USING A PORTABLE
X-RAY FLUORESCENCE SPECTROMETER
Daniela CRISTEA-STAN, Bogdan CONSTANTINESCU
“Horia-Hulubei” National Institute for R&D in Physics and Nuclear Engineering, Magurele, Romania
Small samples from the mural paintings of Holy Trinity Church in Urecheşti village -Cicaneşti, Argeş
County (XIXth Century) and of Icoanei Church, Bucharest painted by Grigore Zugravul (1784 - 1786) in “a
fresco” technique, but repaired in XIXth Century in oil technique were analyzed in our Institute's laboratory
of archaeometry using a portable X-ray fluorescence (XRF) spectrometer X-MET 3000TX+ and, partially,
our new acquisition Bruker Tracer 5’ spectrometer, to determine the composition of the pigments from
original and restoration (re)-paintings.
At the Church of the Holy Trinity from Urecheşti-Cicaneşti, Arges County, the original painting is
from 1832, but major restorations, including repainting, were made in 1871, and after 1950. Relevant for the
red color in Iconostasis is the original cinnabar (mercury compound) overlaid with lead minium, probably
from the restoration of 1871. Traces from the original painting of 1832 are also found in the painting of the
founders, where red is also given by cinnabar mixed with lead minium. The green color was originally an
artificial copper pigment, over which in the XXth Century was added Paris green (arsenic-copper
combination) for repainting (probably after 1950). The white color was originally from lime white.
Repainting (1871 or even later) was done with zinc white, and after 1950 with titanium white.
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In the case of Icoanei Church, the original “a fresco” painting was covered in all compartments with a
new oil painting decoration successively in 1838, 1873 and 1889 (see “Note privind reconstituirea unor etape
de refacere a picturii Bisericii Icoanei din Bucuresti” - by Gabriela Stefanita, in Caietele restaurarii 2017, ed.
ACS). Our most spectacular results are the identification of gold dust in the gold haloes, and of four white
pigments: lead white, zinc white (probably from the 1873 or 1889 oil re-painting) and smaller quantities of
Litopon (BaSO4 +ZnS), but also titanium white, probably used for retouching after 1930. The red pigment is
lead minium. The green pigment is green-earth, a copper-based pigment (copper malachite? - copper
acetate?) mixed with chrome green. For blue were used blue-cobalt, probably the original pigment of the
fresco, but also Prussian blue. Ocher is present almost everywhere, as well as calcium from the primer. With
our method it is not possible to distinguish between calcium from the primer and from the lime white.
This type of results are usefully for the restorers to re-paint with original or similar pigments, trying to
preserve the initial characteristics of painting.
Keywords: X-Ray Fluorescence, pigments, mural painting
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SEM-EDS AS INVESTIGATION TOOL FOR ARCHAEOLOGICAL ARTIFACTS
Paul MEREUTA1, Bogdan CONSTANTINESCU1, Daniela STAN1, Done SERBANESCU2, Gabriel
TALMATCHI3
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Scanning Electron Microscope (SEM) coupled with an Energy Dispersive X-Ray Spectroscopy
(EDS) module proved to be an excellent tool for analyzing archaeological samples. The images that we can
obtain with SEM can be used to analyze and understand the surface structure of a sample and the information
obtained from EDS gives its elemental composition.
The Zeiss EVO MA15 SEM coupled with a Thermo Scientific EDS detection system gives us a high
range of possibilities. The electron beam can be accelerated up to 30 KV. The EDS detector resolution is 129
eV. The scanned surface can vary depending on the sample and what type of information we wish to see on
it. We can scan a large area of tens of mm2 (a magnification of less than 100x) to see if there are any clusters
or a small area of just a few tens of μm2 to see the structure or to determine accurately the elemental
composition - e.g. segregation phenomena.
We illustrate with some Neolithic (Gumelnitza Culture) adornments, their composition being native
nephrite but also malachite and native copper. Also Roman glass fragments from Dobrogea settlements were
studied using the SEM-EDS system to complete the information obtained with PIXE at Bucharest
TANDETRON, especially about surface corrosion (the SEM-EDS analyzed area is approx. two microns in
depth).
The SEM-EDS can be used as investigation tool for ancient artifacts having a high rate of success of
determining the composition of the samples and also the surface imaging can in some cases offer invaluable
information. But, for a complete study, SEM-EDS must be complementary to X-Ray Fluorescence (XRF),
(micro) Proton Induced X-ray Emission (PIXE) or Inductively Coupled Plasma –Mass Spectrometry (ICPMS).
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RADIATION PROTECTION ASPECTS DURING THE RADIOACTIVE WASTE SUPERCOMPACTION COMPAIGNS
Gheorghe DOGARU, Felicia DRAGOLICI, Cătălin CIOBANU, Mihaela NICU, Laura IONASCU, Elena
NEACSU
National Institute for Research and Development for Physics and Nuclear Engineering –Horia
Hulubei(NIPNE), Măgurele, Ilfov
The main aim of the treatment of radioactive waste by super-compaction is to minimize the volume
of waste requiring subsequent storage or disposal, and to reduce the potential hazard of the waste which can
be safely handled during transport, storage and final disposal.
The super-compaction is a process used for conversion of the radioactive waste into a stable,
compacted solid form as a cylindrical pellet. A characteristic of the compaction is that it reduces the volume
of waste but the amount of radioactivity remains the same. More compaction campaigns have been
performed at NIPNE DMDR Măgurele. The radioactive waste is generated from decommissioning of WWR
research reactor. Some of them are secondary radioactive waste generated by own treatment activities and
some are coming from different licensed institutions in the country. The radioactive waste mainly consists of
contaminated scrap metal, contaminated debris, protective clothes, glass, and other contaminated materials.
The paper describes the variation of the dose of the workers performing different tasks during super
compaction campaigns performed at NIPNE DMDR Măgurele
This paper describes the measures taken in order to enhance the efficiency and safety of the work
during super compaction campaigns and, in the same time, to reduce the dose to the workers.
REFERENCES
[1] Ghe. Dogaru, F. Dragolici, C. Ciobanu, Optimized solutions for super-compaction of radioactive waste,
IWWAP 2017, Constanta
[2] Ghe. Dogaru, F. Dragolici, C. Ciobanu, The results of the radioactive waste super-compaction campaign,
IWWAP 2016, Constanta
[3] Ghe. Dogaru, F. Dragolici, L. Ionascu, M. Nicu, Treatment of radioactive waste by super compaction,
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USING RADIOMETRIC AND NON RADIOMETRIC METHODS FOR A COMPLEX
CHARACTERIZATION OF AN HISTORICAL MONUMENT ENSEMBLE;
OTETELESANU EX-MANSION FROM MAGURELE COUNTY ROMANIA CASE STUDY
Corina Anca SIMION1, 2, Tiberiu Bogdan SAVA1, Oana GAZA1, Doru Gheorghe PACESILA1, Nicoleta
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Opportunity to launch RoAMS laboratory for radiocarbon dating starting with 2012 at the same time
with opening the project for restoration, rehabilitation and enhancement of historical Otetelesanu Ensemble
("core" that have emerged and developed the institutes of Magurele Platform of Physics), it marked the
completion of a decade of investigation using radiometric and non radiometric methods of analysis
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developed in our institute regarding this historical monument.Radiometric methods aimed the use of liquid
scintillation counting in determining the activity concentration of tritium in different environmental
compartments, as well alpha-beta and high resolution gamma spectrometry in determining radionuclides
which are present in soils, sediments and building materials. Interpretation of results yielded new
information on the transformation time of the original park of the Ensemble into a garden-monument with a
particular Orchard inventory, but also give us the opportunity to study the dynamics of land, lakes, water
tables and springs and how they have influenced and still influence the evolution both of the park and the
historical building. Analysis of building materials samples and those resulting from boreholes taken to the
proximity of Otetelesanu Mansion offers some answers on their provenience and evolution.The non
radiometric methods were focused on radiocarbon dating by accelerator mass spectrometry of osteological
material excavated under the current building during basement formation / enlargement, on FT-IR and TGA
analyzes of raw bone material vs. extracted collagen and of other artifacts before dating, in order to
determine the conservation degree and characteristics or diagenetic processes induced by post-depositional
stage, and not least on the compositional analysis method PIXE of archaeological materials taken during
excavations. All these investigations have served to further characterize or help establish the first settlement,
the stratigraphy to the current walking level, and evolution of the first form(s) of the historical building(s).
Keywords: archaeometry, multidisciplinary techniques, radiometric and non radiometric methods
Acknowledgements: This work was supported by the project PNCDI 51-053 / 2007, PN 09 37 03 01,
PN2 Large Capacities - Developing Infrastructure for Frontier Research in Nuclear Physics and Related
Fields (IV), and PN 16 42 02 03.
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THE BEHAVIOUR IN TIME LOW-PH MODIFIED CEMENT BASED MATRICES USED
FOR EMBEDDING RADIOACTIVE METALLIC ALUMINIUM WASTE
Laura IONASCU, Mihaela NICU and Felicia DRAGOLICI
1

“Horia Hulubei” National Institute of Physics and Nuclear Engineering, Magurele, Romania

Stabilization/immobilization of radionuclides in different materials, known as “radioactive waste
conditioning” is one of the most important step in the management of radioactive waste. Even the many
radioactive wastes can be conditioned in ordinary Portland or modified cements, there are some metallic
radioactive wastes having a problematic behaviour in the paste cement system given by the chemical
reactions at high pH mainly in the initial setting steps. Such important metallic radioactive wastes are pure
aluminium and aluminium alloys having the passivation in the 4.5 ÷ 8.5 pH domains.
The aim of this paper is to assess the evolution of the macroscopic properties (strength, volume
change) of the cement matrices as a function of time, and to correlate them with microstructural changes.
This study proposes to highlight the structural and mechanical information regarding the interaction between
aluminium with the major components of the low-pH cement based matrix at different period of time which
are necessary for the medium and long term assessment of the safety and performance of Baita-Bihor
Repository.
Keywords: Cement matrix, radioactive waste, XRD, Mechanical tests.
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THE EVOLUTION IN TIME OF PHYSICO-CHEMICAL AND MECHANICAL
PROPERTIES OF CEMENT MATRICES CONTAINING SECONDARY LIQUID
RADIOACTIVE WASTE
Mihaela NICU, Laura IONASCU, Felicia DRAGOLICI and Catalin CIOBANU
1

“Horia Hulubei” National Institute of Physics and Nuclear Engineering, Magurele, Romania

The most accepted conditioning process in accordance with the actual international disposal
requirements and respecting the waste acceptance criteria for the storage or/and safe disposal is concrete
embedding.
The process implies the mixing of the radioactive waste with a binding material to convert the
radioactive waste in a matrix environmentally acceptable from the radioactive safety point of view for
interim storage and/or final disposal.
To respect waste acceptance criteria for disposal, the matrix must be stable in time from chemical,
physical, mechanical and geometric point of view. The purpose of this paper is to obtain data on samples
prepared with secondary liquid radioactive waste and cement, necessary for the approach the medium and
long term assessment of the safety and performance for waste packages.
Keywords: XRD, Mechanical tests, Radioactive waste, Conditioning matrix.
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RADON NATIONAL ACTION PLAN IN ROMANIA
DOGARU Daniela Maria
National Commission for Nuclear Activities Control 14 Libertatii Blvd, 5 Bucharest, Romania, 050706
The exposure due to radon is the biggest concern for public exposure, therefore the risks associated
with radon exposure should be careful considers by countries. The Council Directive 2013/59/Euratom of 5
December 2013 laying down basic safety standards for protection against the dangers arising from exposure
to ionising radiation, and repealing Directives 89/618/Euratom, 90/641/Euratom, 96/29/Euratom,
97/43/Euratom and 2003/122/Euratom[1], requires to member states to develop and implement actions in
order to minimise the exposure to radon.
The paper describes the individual actions and strategic directions of radon national action plan developed in
order to transpose the Council Directive 2013/59/Euratom in regard with radon.
The Radon National Action Plan is structured on seven strategic directions covering: development of
regulatory framework, measurements of indoor radon and development of radon map, identification of
indoor workplaces and other workplaces with high exposure radon risk, implementation of prevention action
in new buildings, information and awareness of public, minimisation of lung cancer risk due to radon,
training and education of professionals who could be affected by exposure to radon [2].
References
[1]
2013/59/Euratom of 5 December 2013 laying down basic safety standards for protection against the
dangers arising from exposure to ionising radiation, and repealing Directives 89/618/Euratom,
90/641/Euratom, 96/29/Euratom, 97/43/Euratom and 2003/122/Euratom, Official Journal of the European
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ION BEAM TREATMENT OF POLYURETHANES FOR BIOMEDICAL APPLICATIONS
Dina YAKUSHEVA, Ivan KASATKIN, Alexander ABATUROV
Institute of Technical Chemistry of the Ural Branch of the Russian Academy of Sciences, Academician
Korolyov St. 3, Perm, 614013 Russia
Polyurethanes are potential materials for biomedical applications owing to their wide range of
physical and mechanical properties. However, their biocompatibility and bioactivity is not always adequate,
which could cause toxic or unwanted immune effects after their implantation into the body.
The present research is connected with the development of the methods and techniques for
transformation of the surface chemistry of polyurethanes resulting in improvement of biocompatibility.
A combined method for polymer surface modification was developed and tested on various types of
polyurethanes and polyurethane ureas. The polymer surface was activated by nitrogen ion beam (1000
pulses, fluence 3.7 1015), generating free radical centers. Then acrylic acid was grafted to the surface due to
double carbon-carbon bond (Fig 1). A number of chemical reactions with carboxyl groups on the polymer
surface were carried out. For example, interaction with dioctylamine, resulting in the formation of
dioctylammonium salt, is illustrated in Fig.1. The structure of the grafted layer was confirmed by ATR FTIR
spectroscopy. Hemocompatibility of polyurethane sample with dioctylammonium radicals on the surface was
found to be significantly higher than that of initial polymer. Thus, this sample was recommended for
biocompatibility tests in vivo.
The work was supported by the Russian Foundation for Basic Research and The Government of
Perm Krai (project No 17-43-590904r_a).

Fig. 1. Surface modification of polyurethane.
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INCREASING THE ACCURACY OF THE BEAM CURRENT MEASUREMENT IN
CYCLOTRON APPLICATIONS
Laurenţiu TEODORESCU
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Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH)

The measurement of ultra low currents (picoampere range) may be accomplished by using the circuit
presented in Fig.1. U1 is a high precision instrumentation integrated circuit used in a transimpedance
amplifier configuration.
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Fig.1. An analog architecture to measure ultra low beam currents
A triaxial connection is used to send the beam current (I i) to the inverting input of the amplifier.
Considering the input bias current negligible (about 3fA), the output voltage may be expressed as:
(1)
VO  Ii  R2
A second amplifier (U2) is in a buffer configuration. Its input is connected to a voltage reference (V 1)
to supply the first shield of the triaxial cable at the same potential with the U1 non-inverting input. The
second shield is soldered to the ground line. By using the proposed method, the external noise may be
significantly reduced, and the circuit can be used to measure ultra low beam currents.
Acknowledgment: “The work has been funded by the Sectorial Operational Program Human Resources
Development 2007-2013 of the Ministry of European Funds through the Financial Agreement
POSDRU/159/1.5/S/ 134398 and by the PN 18090203”
Keywords: ultra low DC current, instrumentation amplifier, triaxial connection, beam.
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NEW METHODS FOR DECONTAMINATION OF A SURFACE IN RADIOCHEMISTRY
LABORATORY
Diana CHIPER, Cristian POSTOLACHE, Viorel FUGARU, Simona MANEA
“HoriaHulubei” National Institute for Physics and Nuclear Engineering, Radioisotopes and Radiation
Metrology Department, Magurele – Ilfov Romania,
The purpose of the experimental study is to improve the chemical, radiochemical or biological
decontamination procedures of the rooms, surfaces, equipment (in operation or out of use) of hot cells, protected
enclosures, technological spaces in a radiochemistry laboratory, so that the decontamination results in as little
solid or liquid waste as possible, as well as the development of decontamination and radiological characterization
protocols in order to improve the radiological security measures.
In the present paper there are presented data related to materials used in radiochemistry laboratories when
there were used tritium. The presented decontamination method is based on the use of polymeric hydrogels. For
carrying out the experimental studies and elaboration of decontamination and radiological characterization
protocols it has been chosen the Decongel polymeric, different types such as 1102, 1108 or 1128 from "CBI
Polymers", U.S.A. The working principle of this decontaminant is to be able to bind by trapping and encapsulate a
wide spectrum of radioisotopes, chemical compounds and contaminants by forming the chemical complexes at
the nano- or molecular level of dangerous materials.UtilizingDeconGel® as a decontaminant has several
advantages: it is easy to use and to handle, removed by peeling,environmentally friendly (non-polluting), can be
applied to both horizontal and vertical surfaces and by being used it reduces operating, exploitation and storage
costs, and also those with the staff.
The prelevating factor was determined by controlled contamination with solutions of tritium-labelled
compounds in the Tritium Laboratory, followed by the step of prelevating the non-fixed contamination. The
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surfaces of the chosen materials for the study were controlled contaminated or there were used contaminated
surfaces in hot cells. Controlled contaminated surfaces with tritium labeled compound were completely covered
with a relatively uniform layer of gel Decongel type 1108, 1102 or 1128. The determination of the prelevating
factor was made by reporting the activity originally taken to the total prelevated activity (initial and repeated). The
experimental results were correlated with the conventional surface activity thus determining the decontamination
factors for each type of surface. For the decontamination of the equipment from hot cells the Decongel 1180
polymeric gel was used. The results of the analyzed gel (previously peeled) are presented in the in extensopaper.
In conclusion the decontamination factor for the polymerisable gels Decongel 1108 and Decongel 1102 was over
90%, even for fixed radioactive contamination with tritium in case of which the classical measures were useless.
Depending on the contamination’s type and the contaminated radioisotope there may be necessary more then one
application of the gel. The decontamination time is greatly reduced, also reducing the contamination risk of the
staff implicated in decontaminating operations. The usage of the decontaminating gels can reduce the quantity of
radioactive waste resulted from the decontamination procedures compared with the classical methods.
Acknowledgments: ThisresearchissupportedbytheNucleu Romanian National Project –PN.
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NUCLEAR AND RELATED TECHNIQUES USED FOR THE INVESTIGATION OF SOIL
POLLUTION AND METAL TRANSFER IN PLANTS IN INDUSTRIAL AREAS
Antoaneta ENE 1,*, Claudia STIHI2, Ana PANTELICĂ3, Marina V. FRONTASYEVA2,
Sorina-Simona MORARU5
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The paper is presenting several applications of multi-elemental nuclear and related techniques for
the determination of elemental composition of some environmental samples and pollution biomonitors, such
as: soils, cultivated plants and wild vegetation.
The employed techniques were: instrumental neutron activation analysis (INAA), inductivelycoupled plasma mass spectrometry (ICP-MS), atomic absorption spectrometry (AAS), energy dispersive Xray fluorescence (ED-XRF), and ion beam techniques particle-induced X-ray emission (PIXE) and particleinduced gamma-ray emission (PIGE), The environmental and biomonitor samples were investigated using
validated techniques at partner institutions Dunarea de Jos University of Galati (UDJG), Valahia University
of Targoviste (UVT), Institute of Multidisciplinary Research for Science and Technology, and Horia Hulubei
National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH), Romania, and Frank Laboratory
of Neutron Physics (FLNP) of Joint Institute of Nuclear Research (JINR) at Dubna, Russian Federation. A
discussion is made regarding their suitability to be used for the investigation of metal contamination of soils,
as well as for pollution studies using plant biomonitors.
For agricultural soils adjacent to industrial enterprises in Romania, coefficients of metals transfer
from soil to cultivated plants have been calculated and the health risk for population by consuming food
items from industrial areas has been assessed.
Keywords: nuclear techniques, soils, cultivated plants, Romania.
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NEUTRON DIFFRACTION INVESTIGATION OF AGING PHENOMENA IN THE
CEMENT STRUCTURES
Tatiana LYCHAGINA 1, Dmitry NIKOLAYEV1, Cristian DRAGOLICI2, Maria BALASOIU 1, Laura
IONASCU2, Mihaela NICU2, Felicia DRAGOLICI2
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Frank Laboratory of Neutron Physics, Joint Institute for Nuclear Research (JINR), Dubna, Russia
Horia Hulubei National Institute of Physics and Nuclear Engineering (NIPNE), Magurele, Romania

The cementitious materials developed for the encapsulation of radioactive waste must respect
acceptance criteria, i.e. to have stable chemical, physical and mechanical properties. So the monitoring of the
developed materials structure is a very important item. In time different physical and chemical changes in the
cementitious materials occur. These changes can affect the structure and crystallographic texture of the
material and the mechanical resistance and anisotropy. We report about the progress of the neutron
diffraction investigation of the cement structures aging effect carried out in the period since 2016 year till
2018. These cement structures are developed by colleagues from IFIN-HH and planned to be used as
repository barriers and for encapsulation of radioactive wastes. The measurements were performed at the
texture diffractometer SKAT situated at the pulsed nuclear reactor IBR-2, JINR.
It was found that crystallization processes are stabilized after two years of aging, and the rate of
these processes is different in structures with different compositions. The strongest crystallization is
observed in the structures with the aluminum powder in cement matrix, and the adding of the different
chemical components results in the decreasing of such processes.
The anisotropy depends on the crystallographic texture of a material and causes the mechanical
properties differences in different directions. The anisotropy intensity is evaluated on the basis of the pole
figures study. The pole figures (10-11) and (11-20) of SiO2 measured for the cement samples with sand
shows that the anisotropy intensity can be different for the samples with different chemical composition.
The RO-JINR scientific cooperation program 2017-2018 is acknowledged
Keywords: neutron diffraction, radioactive waste, cement structures, aging
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MOVING IN SPIRAL IN MEDIUM
Aurel Konstantinovich1 and Ivan Konstantinovich1,2
1

2

Chernivtsi National University, Kotsyubynsky Str., 2, Chernivtsi, 58012, Ukraine
Institute of Thermoelectricity, National Academy of Sciences and Ministry of Education
and Science of Ukraine, Nauka Str., 1, Chernivtsi, 58029, Ukraine

Lorentz self-interaction method, complemented by Dirac hypothesis [1] was generalized by
Schwinger [2] for a charged particle moving in a spiral in vacuum and by Konstantinovich and Nitsovich [3]
for a charged particle moving in a spiral in medium. In the thesis, using the latter (see also [4-5]), we
investigate the spectral and spectral-angular distributions of averaged in time radiation power of system of
electrons moving in spiral in transparent medium.
The fine structure of the synchrotron-Cherenkov radiation spectrum of the one, two, three, and four
electrons moving in spiral in transparent medium is investigated combining analytical and high accuracy
numerical methods.
The fine structure of the electromagnetic radiation spectrum of one, two, three, and four electrons is
obtained as function of the transversal component V of their velocities (the component perpendicular to the
magnetic induction vector) using the relativistic model.
For the small time shifts between electrons, in radiation spectra of two, three, and four electrons
moving along spiral in medium we found the existence of the coherent radiation at low harmonics with
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( S N  is the coherence factor of N electrons) in the case when the dimension of this system is
smaller comparing to the radiation wavelength.
The overlap between neighbour harmonics, as well as oscillations in the spectral distribution of the
electrons radiation power are established and studied for the case when the transversal component of electron
velocity is bigger than the light phase velocity in medium ( c / n()  V  c ) but still smaller than the light
velocity in vacuum (see also [4–7]). These theoretical investigations indicate the possibility of experimental
confirmation of the existence of oscillations in the spectral distribution for radiation power of bunches and
jets of charged particles moving in a circle or spiral.
Keywords: synchrotron-Cherenkov radiation, spectrum, oscillations.
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POLARIZED NEUTRON SCATTERING ON FERROELASTOMERS SYNTHESIZED IN
MAGNETIC FIELD
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Composites combining high elastic and magnetic properties aremost perspective materials for
various applications (flexible shields against radiations, guides for magnetic flux, magneto-mechanical
drivers etc.) [1].In such composites tiny magnetic particles (Fe 3O4, size ~10 nm, 5.88 wt. %) were fixed
insideelastomer(polydimethylsiloxane [C 2H6OSi]n) by monomer polymerizationin static fields B S = 0.030.11 Tesla perpendicular to monomer layer (Fig.1).
Fig.1. Ordering magnetic particles under induction
BSduring polymerization of monomer layer.

The scattering of polarized cold neutrons (WWR-M reactor, PNPI)alloweddetermine nuclearmagnetic inteferenceand discover the transition from spontaneous ordering via dipolar forces (B S < 0.05
Tesla) to field-induced assemblyat BS > 0.05 Tesla.The applied weak field B1 = 0.02 Tesla did notdisturb
nuclear-magnetic correlations’ radii ~ 50-60 nm in observed structures (100-300 particles) while the strong
field B2 = 0.95 Tesla made the aggregation numbers greater by 2-4 times while the correlation radii became
lower by ~ 10 %in plane of films (Fig.2). The magnetic structures created during synthesis are stable and
resistant to the action of strong orthogonal external field ~1 Tesla. Along with findings elucidating
ferroelastomers' ordering, the results serve as a basis of technologies of magnetic materials with preset
structures which can be transformed finely by using external fields.
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Fig.2. Scattering of neutrons (n) polarized
along applied field B on the film of composite:
scattering angle θ, neutron momenta k,
k’initial and final, momentum transfer q.

1. M.Balasoiu, V.T.Lebedev, Yu.L.Raikher, I.Bica, M.Bunoiu. // J. Magn. Magn. Materials. 431 (2017) 126129.
Keywords: ferroelastomer, neutron, scattering, structure
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SYNTHESIS OF COLLOIDAL SILVER NANOPARTICLES WITH ANTIMICROBIAL
PROPERTIES BY GAMMA RADIATION
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Radiochemical synthesis of metallic nanoparticles is an eco-friendly method that allows the
obtaining of controlled size, well dispersed, fully reduced, highly stable particles at very mild conditions.
Colloidal silver nanoparticles were synthesized in a one-step process, in an aqueous system
of various ratios of AgNO 3/stabilizer /alcohol, using high energy ionizing radiations (-rays), irradiated with
a dose up to 100 kGy.
The synthesized Ag NPs were characterized by UV-Vis spectroscopy, Dynamic Light Scattering
(DLS), X-ray Diffraction (XRD) and FTIR spectroscopy. The change of color to yellow-brown was a first
indicator for the formation of silver nanoparticles. Moreover, the UV-Vis spectra shown a maximum
absorption peak in the range of 390-450 nm, specific to Ag NPs. The SEM analysis revealed the formation of
spherical shape Ag NPs with an average size of 30 nm at about 60kGy (Fig. 1). The size of obtained
nanoparticles decreased with the increasing of the irradiation dose.
The antifungal properties of radio-synthesized Ag nanoparticleswere assessedby the exposure to a
mixture of fungal suspensions (A. niger, T.viride, C. globossum etc.; Fig. 2)

Fig. 1 - SEM image of synthesized Ag NPs.
Irradiation dose: 60 kGy

Fig. 2 - The antifungal effect of radio-synthesized
Ag nanoparticles (at the end of 21 days fungi
exposure)
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The size of nanoparticles is influenced by certain parameters such as the choice of stabilizer, pH
during synthesis, the Ag+/stabilizer ratio and absorbed dose.
The financial support was providedby Ministry of Research and Innovation, through PN 1824010235N/2018 and Grant No 04-4-1122-2015/2017 (4408-4-15-17).
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UPGRADING OF TRITIUM LABORATORY FROM NIPNE, MAGURELE. RESEARCH
INFRASTRUCTURE AND NUCLEAR TECHNOLOGIES
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Metrology Department, Magurele – Ilfov Romania,
“IFIN-HH is one of the most important public R&D organizations in Romania. The institute is dedicated to
the research and development in physical and life sciences, mainly Nuclear Physics and Nuclear Engineering. The
research infrastructure of IFIN-HH has continuously developed in order to become a representative Romanian
institute for the 21st century physics at European and international level, in fundamental and applied nuclear physics.
In this regard, the "Large Capacities Programme - Infrastructure Development for frontier research in Nuclear
Physics and related fields" (Financing Contract no. 7 PM/29.10.2008), provided IFIN-HH a standard which is
similar to other important institutes worldwide, promoting competitive research in an international context.” One of
the objectives of the Large Capacities Programme is the development of the tritium laboratory – TRITIULAB,
laboratory with multiple users. In this context, in the paper is presented the development of the infrastructure of
Tritium Laboratory from National Institute for Physics and Nuclear Engineering, Romania. The Magurele research
platform has a tradition of over 50 years in the synthesis of labelled compounds field. The Tritium Laboratory (TL)
has been commissioned in 1976 as part of Radioisotopes Production Center (RPC). At first, Tritium Laboratory was
designed for synthesis of labelled compounds and their applications in life sciences. Later, the activities were
extended with: tritium sealed sources obtaining, tritium detection and dosimetry, wastes management, tritium effect
in materials and tritium facility designing and endurance testing (in cooperation with Romanian and EU partners).
Since 2007,tritium laboratory has been in refurbishment process (3 CEEX, 2 NP, 6 PNCDI project and POS
CCE/BCP 7PM/2008), and was extended and upgraded using as financial support POS CCE infrastructure project
No 7 PM/29.X.2008 (“Infrastructure Development for Research in Nuclear Physics and Related Field/Subproject C3
Tritium Laboratory with Multiple Users (TRITIULAB)”) and national research projects. The laboratories surface
was extended from 110 sqm to 210 sqm, new facilities (Radiochemical hoods Kotterman type, Glove Boxes
Jacomex type, Tritium Manifold manufactured by TRITEC &Pfeiffer and IFIN HH, Facility for tritiated volatile
liquids manipulation made by IFIN HH, High vacuum pump TSH-171E Pffeifer, Dry Scroll Vacuum Pump SH 110
Varian, Tube Furnaces RT 50-250/11 with temperature controller Nabertherm type, WK 10000 LAUDA and TAE
K20 RehslerKuhlsystemeCillers, 400SBDγC and RS400-HTO Overhoff portable TGM, CMS-H35L transportable
tritium monitoring Station Lab Impex Systems, OS 1700 Tritium collector ORTEC, etc) and equipments (Radio
HPLC Agilent 1200 with VWD Detector and Ramona Star Beta Raytest radiochemical detectors, radio TLC Rita
Star Raytest, LSC TRICARB TR 2800 PE type, Beta Imager Biospace Lab, FT NMR Spectrometer AVANCE 400
MHz Micro-bay Bruker Biospin with head for T detection, ESR EMX micro-bay Bruker Biospin, FT IR with ATR
TENSOR 27 Bruker Optics, SPECORD 210 UV – Vis Spectrometer – Analytic Jena, etc) have been purchased or
achieved. The Tritium laboratory maintains all the approached research directions up to the present . The principal
research fields are: Tritium management (processing manipulation technologies, detection and dosimetry,
radiological security, tritium wastes treatment) and synthesis of labelled compounds and their applications in life
sciences.
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This paper gives an overview of the radiocarbon dating method, the origin of 14C, the global carbon
cycle and the Accelerator Mass Spectrometry at the 1 MV Tandetron.
Accelerator Mass Spectrometry (AMS) is today the most sensitive isotopic analysis method known.
The AMS sensitivity can reach 10 -15 scarce isotope (14C)/ abundant isotope (12C), in other words,
AMS allows determination of the existence of a single atom in a torrent of one million billion other foreign
atoms. So, AMS is an analytical technique for measuring low levels of long-lived radionuclides .
Due to its exceptional sensitivity, this method has opened a very wide range of applications in
various fields: medicine, archaeology, geology, atmospheric physics, paleoclimatology, astrophysics, nuclear
physics, nuclear pollution tracking, etc.
The isotope with mass 14 known as radiocarbon is one of the unstable isotopes of carbon with
widespread applications in the scientific world. The use of 14C as a „clock” for estimating the age of various
historical and pre-historical samples is one of its most important applications.

Figure 1: Accelerator Mass
Spectrometry at the 1 MV Tandetron

Towards the development of a National Dating Program in Romania, the 14C dating laboratory was
commissioned in 2012 at IFIN-HH Bucharest.The particle accelerator in conjunction with ion sources, large
magnets, and detectors was commissioned to measure C, Be, I and Al isotopic ratios with an accuracy of 10 15
.
Performing analysis with such accuracy opens the possibility for applications in various domains such as:
carbon dating of artefacts, material research, geology, determination of erosion rates, detection of existing
nuclear pollution, forensic science and nuclear activity surveillance, diagnose of fusion experiments,
astrophysics and oceanography, biomedical, pharmacological applications and others.
Sampling, sample preparation and measurement of the 14C content are important steps in obtaining
reliable radiocarbon ages. In the 14C AMS technique, the element of interest (sample carbon) is chemically
separated from the original sample, converted to graphite, pressedinto a cathode (sample target holder) where
it forms a solid graphite plug or layer and
is then placed into a sputter ion source of an accelerator. Calibration of radiocarbon ages is the ﬁnal step in
establishing chronologies.
In conclusion any material which is composed of carbon may be dated. The advantage of the
radiocarbon dating method consists in the capability to be uniformly applied throughout the world on any
material that contains residual carbon.
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The exposure of human beings to ionizing radiation from natural sources, external and internal, in the
global estimate is 2.4 mSv y-1. From this 1.2 mSv y-1 is due to Radon from idoor.The aim of this study was to
determine the indoor radon concentration. The indoor radon measurements were carried out in 7 residential
buildings and 7 schools in Galati. For theindoor Radon measurementthe instrument SARAD-RTM was
used.The indoor radon concentration measured variesfrom BDL (below detection limit)to 144.8
Bqm−3.These values were compared with the world average value reported by the UNSCEAR.
Keywords: indoor radon
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An electroplating system for deposition of noble materials (Au, Ag, Pt) on small target systems
requires the control of the current through the electrolytic cell with a high precision. The thickness (T) of the
deposited material on a surface is given by:
T

Mw
I dt
n  F  A D 

(1)

where MW is the atomic weight of the deposited metal, n is the number of electrons taking part into the
reduction, F is the Faraday constant, A is the area of the deposit, D is the density of the metal, and I is the
current provided by the current generator.
If the current is kept constant, the thickness of the deposited material can be accurately determined and
the equation (1) becomes:
T

Mw
 I t
n  F  A D

A precision current generator may be bulit by using the architecture presented in Fig. 1.

Fig.1. The architecture of a high precision analog current generator
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The proposed architecture uses a non inverting operational amplifier (U1) and an high voltage output stage
formed by a junction field effect transistor (T1) and a bipolar transistor(T2). The output current through
provided to the electrolytic cell is proportional with the input voltage (V in):
I  I D  IC 

Vin
RS

(3)

If the applied voltage (Vin) is stable during time, and the U1 is a zero drift, low noise opamp type, the
programmable output current may be maintained at a constant value during the electrolysis process which
can take from a few hours to days.
Acknowledgment: “The work has been funded by the Sectorial Operational Program Human Resources
Development 2007-2013 of the Ministry of European Funds through the Financial Agreement
POSDRU/159/1.5/S/ 134398 and by the PN 18090203”
Keywords: electrodeposition, current, instrumentation amplifier, generator.
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Ra-226 DETERMINATION IN AQUEOUS SAMPLES BY ALPHA-LIQUID
SCINTILLATION COUNTING OF Rn-222
Relu DOBRIN, Cristian Dulama, Crina Bucur
Institute for Nuclear Research, Pitesti, Romania,
The paper presents the experimental results obtained during the implementation phase of a method
developed for determination of Ra-226 content in aqueous samples. The measurement method is based on
continuous extraction of Rn-222 in a water immiscible organic liquid scintillator. The sample aliquot and
scintillator are maintained in contact, within the scintillation vial, during the ingrowth of Rn-222 and its
decay products (Po-218 and Po-214) and are periodically counted by alpha-LSC (see Fig.1). Through a
regression algorithm, the equilibrium activity of Rn-222 and therefore Ra-226, is determined. A series of
experimental determinations have been performed to develop and optimize the method, by using various
dilutions of a standard solution containing Ra-226 and a Tri-Carb 4910TR LSA model, from PerkinElmer.

Fig. 1 Alpha-LSC spectrum of a Ra-226
experimental sample

Also, in the paper is presented our explanation
referred to the value of the detection efficiency of the
method, which, theoretically, should be about 3.0 (at
equilibrium, there are 3 alpha emitters, and the
efficiency of detecting alpha particles with liquid
scintillators is about 1.0). However, the experimental
value of the efficiency we recorded in a tracer study
with more than one hundred samples containing Ra-226
was only about 2.6 for all the samples. In fact, this is the
most commonly reported value in the literature for the
detection efficiency of this method. In our opinion, the
lower value of the detection efficiency is due to the
hardware limitation of the liquid scintillation analyzer;
the upper limit of the alpha-MCA of the LSA is set to
the channel 2000, and about 13-14% of the 7.7 MeV
alpha peak of Po-214 extends outside this range being
therefore not recorded in the alpha spectrum (see Fig.1).

Keywords: Ra-226 determination, alpha-LSC.
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CHEMICAL CHARACTERIZATION OF DEGRADATION STATE OF THE
MESITYLENE COLD MODERATOR USED IN IBR-2
Radu SETNESCU1,2, Marius LUNGULESCU2, Tanța SETNESCU1, Otilia CULICOV2,3, Serghei
KULIKOV3
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The cold moderator consisting in pellets of 3:1 (volume ratio) triphenylmethane (mesitylene) and
meta-xylene mixture, were subjected to neutron irradiation under real exploitation conditions, at cryogenic
temperatures (~30 K), at IBR-2M reactor in Dubna. The evolved hydrogen was measured in situ by mass
spectrometry. The sampling of irradiated moderator for subsequent chemical analysis was performed after
warming at room temperature.
Low extent of changes were observed in infrared spectra confirming the acceptable radiation
resistance assumed for this material even its appearance was intense yellow. However, some bands increased
slightly while others, related to the initial molecular structure diminished (3016 cm-1, 1607 cm-1). New
shoulders at 846 cm-1 or 787 cm-1 appeared near to structural peaks of the aromatic hydrocarbons indicating a
partial alteration of these molecules. The exposure to air at room temperature or at higher temperatures
resulted in formation of high amounts of solid residue. The amounts of residue formed at room temperature
under air flush, were significant and increased by exposure time of the samples. The ATR-FTIR spectra of
the residue phase obtained under air flow showed the presence of intense wide bands at 3400 cm -1
(attributable OH groups from oxidation) as well as changes in relative intensities of C-H bonds of methyl
moieties (a decrease of methyl groups absorption ~ 2860 cm-1 is obvious). The residue formation as well as
the presence of different groups related to degradation of the initial molecules can be assigned to reactions of
the radiation-induced free radicals: in the fresh irradiated product, these radicals are present as single
monomer or dimer molecules (stabilized by conjugation). Then, polymerization leads to macromolecular
structures along to oxidation induced by oxygen trapping of free radicals and subsequent reactions.
A second direction was the analysis of He gas circulated for a time within the reactor in the presence
of radiation and cold moderator. The presence of significant amounts of hydrogen within the He gas would
be detrimental for the safety conditions. Gas-chromatography with TCD and molecular sieves column was
used for H2 detection. The actual method and the calibration curves obtained with H 2/ He with mixtures with
controlled concentration, enabled the detection of H2 at concentrations as less as 800 ppm. Even at high
levels of H2 concentration, the separation H2/ He is good, it was observed that at low levels of H2, the H2peak
starts to shift toward the He one, so making difficult the detection of H2 below the above mentioned limit.
Further development of the method in order to increase its sensitivity is considered. Anyway, the result
obtained till now can support the conclusion that the hydrogen concentration is well below the danger limits
for conventional applications.
The present results enable to evaluate not only the extent of the neutron radiation-induced effects but
also to establish the conditions of moderator lifetime evaluation under the specific working conditions.
The financial support of Ministry or Research and Innovation through Grant No 04-4-11222015/2017 (4408-4-15-17).
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FORECASTING THE PRODUCTION OF MEDICAL RADIOISOTOPES AT ELI-NP
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The radioisotope production has a crucial role in medical diagnostic imaging or therapy. Historically,
the radionuclides were produced using accelerated beams or nuclear reactors. The radioisotopes are used to
precisely localize the pathological process or treat the illness by selectively targeting the site using a
bioactive molecule as carrier. The applications of radioisotopes in molecular nuclear medicine require high
specific activity, which can be usually obtained using nuclear reactions induced by high intensity accelerated
beams of light charged particles or neutrons coming from nuclear reactors. The radioactive element is
transmuted from the target isotope and can be separated by chemical procedures.
The increasing demand for medical radioisotopes requires more production facilities, along with the
investigation of new ways of production and the application of the new radioisotopes in both diagnosis and
therapy. A new alternative route for radioisotopes production is by photonuclear reaction using the high
intensity γ beams at the Extreme Light Infrastructure — Nuclear Physics (ELI–NP) facility. The interest in
using the high-intensity γ beam for radioisotopes production lies both in the possibility to obtain high
specific activity radioisotopes that are not produced currently in enough quantity and also for extending the
range of radioisotopes potential useful clinically.
The Gamma Beam System of ELI–NP will produce brilliant, quasi–monochromatic gamma–ray
beams via Inverse Compton Scattering of short laser pulses on relativistic electron beam pulses. The gamma–
ray beam at ELI–NP will be characterized by large spectral density of about 10 4 photons/s/eV, narrow
bandwidth (< 0.5%) and tunable energy from 200 keV up to about 20 MeV. The results of case simulations of
the photonuclear reaction to produce radioisotopes of medical interest will be presented and discussed
compared with the current routes and characteristics.
Keywords: medical radioisotope, photonuclear reaction, gamma beam facility, radioisotope production.
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COMPLEX ANALYSIS OF THE BIVALVIA MOLLUSCS SHELLS BY MEANS OF
PHYSICAL TECHNIQUES
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Bivalvia mollusks shells are inorganic polycrystalline materials. Polycrystalline physical or
mechanical properties exhibit very often an anisotropy which is mainly due to the presence of preferred
orientations or crystallographic texture described by an ODF (Orientation Distribution Function). A number
of physical methods that are applied to characterize quantitatively microstructure and texture of metals and
alloys could be successfully applied to biological objects. Both aspects, characterizing the microstructure
and texture from one side and correlating it to the properties from the other side, could be essential in
understanding of the polycrystalline biological species behavior.
Neutron diffraction, Scanning electron microscopy (SEM), X-ray diffraction, etc. is among the
physical methods we applied in our work. An important step of texture analysis is pole figures processing
and orientation distribution function (ODF) reconstruction. The ODF could be reconstructed from the pole
figures that are obtained from experimentally measured diffraction spectra.
In the present work we focused on the study of the Bivalvia mollusks shells. The spectra of the shells
were measured at SKAT spectrometer at pulsed reactor IBR-2 (Dubna, Russia). We measured Mytilus
galloprovincialis, Mytilus edulis, Муа arenaria, and Ostreidae edulis. Investigated samples exhibited
different phase content. Муа arenaria has only aragonite phase whereas Ostreidae edulis has only calcite
phase. All Mytiluses possess both calcite and aragonite phases of different content. The crystallographic
texture of all Mytilus samples demonstrated very sharp texture of the calcite phase. Other samples do not
show sharp crystallographic texture.
Scanning electron microscopy allows us to see the crystalline shape and microstructure of the
Mytilus galloprovincialis and Муа arenaria. X-ray difraction of these objects allows us to compare
the local texture of each phase with the global one measured by means of the neutron diffraction.
The RO – JINR scientific cooperation program 2017-2018 as well as Poland – JINR scientific
cooperation program 2018 -2020 are acknowledged.
Keywords: Bivalvia mollusks shells, physical techniques, crystallographic texture
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NEUTRON SCATTERING METHODS APPLIED TO THE MAGNETIC AND
MAGNETORHEOLOGICAL ELASTOMER STRUCTURE INVESTIGATION
M. BALASOIU1,2,3, M. BUNOIU4, I. BICA4, V.T. LEBEDEV5, S.V. KOZHEVNIKOV1,YU.V.
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In recent years, much work has been done on the production and research of materials, consisting of
a flexible matrix with built-in magnetized nano or microparticles. Thus, materials whose properties can be
modified in the presence of an external magnetic and electric fields are prepared [1-10].
In this paper, we will consider some of our results on the application of small angle neutron scattering and
polarized neutron depolarization methods to the study of the structure of magnetic and magnetorheological
elastomers in comparison with data obtained by other methods.
The reported study was partially supported by RO-JINR Projects of 2018 year (Theme 04-4-112115/20).
Keywords: magnetic and magnetorheologic elastomers, SANS, neutron depolarization, structure.
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METAMAGNETIC BEHAVIOUR IN Mn(III) 1D COMPLEXES
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The manganese (III) ion is one of the best suited d-type ions to acquire systems behaving as molecular
magnets, being a good carrier of magnetic anisotropy,[1] its complexes showing a large structural variety.
The tetradentate Schiff-base salen type ligands represent one of the most accessible class of Mn(III) building
units, the axial positions, perpendicularly to the mean plane of the ligand, being at the same time easy
magnetization axes and assembling points, binding the bridging agents. Particular situations are shown by
systems where the manganese complexes are forming monomeric or dimeric sequences. [2-4]
We report the synthesis, structure and magnetic properties of a series of Mn(III) complexes based on
5MeO-salen, N,N'-ethylenebis(5-methoxysalicylidene-iminate), and acetate or [(Tp)Fe(CN)3]- ligands, where
Tp is hydrotris(pyrazolyl)borate. The [Mn(5MeO-salen)]+ form oxo-bridged dimers whose further
assembling by acetate ligands, leads to zigzag chains. For the second bridging unit, the zigzag pattern is
determined by the cis topology of bridges and the existence of the Mn monomeric form. The competition
between coexistent ferro and antiferro magnetic couplings gives rise to metamagnetic behaviour.

Ferromagnetic coupling in [Mn2(5MeO-salen)2]2+ dimers

Chain with alternating magnetic anisotropy axes.

Figure 1. Synopsis of exchange coupling and magnetic anisotropy in chains based on Mn(III) dimers
Magneto-structural analyses were done with the help of ab initio calculations understanding the subtle
factors of local magnetic anisotropy combined with the exchange effects. A qualitative explanation of the
nature of ferro vs. antiferro coupling is outlined, distilling heuristically the results of the ab initio
calculations.
Keywords: spin coupling, magnetic anisotropy, manganese (III) complexes, molecular modeling.
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Review of metal-carbon structures’ studies by neutron and X-ray scattering has been presented.
Endoffullerenes with magnetic 4f- and 3d-elements were synthesized to prepare fullerenols and polymeric
complexes for biomedicine. Polarized neutron scattering [1] on hydroxyfullerenes’ solutions in fields at
different concentrations, pH-factors and temperatures showed a formation of fractal clusters (linear,
branched chain-like or globular). Comparatively to these supramolecular structures, the solid carbon-metal
matrices [2] have been studied as dependent on synthesis conditions by using molecular precursors (rare
earth diphthalocyanines) heated in vacuum or inert atmosphere to form the pyrolysates (Fig.1). A common
feature of endofullerenes and pyrolysates is a formation of carbon cells (~1 nm in diameter) encapsulating
metal atoms while in pyrolysates the carbon shells around metal are multiwall. Scattering methods, Fourieranalysis, modeling atomic (molecular) correlations allowed us to decode multilevel nano-scale and
submicron structures composed of metal-carbon cells. At large scales the AFM-images revealed a landscape
of labyrinth structures (Fig.1). These approaches enabled to understand the mechanisms of metal-carbon
coordination under different conditions. These findings make it possible to provide a progress in
technologies of advanced metal-carbon materials.

Fig.1. AFM-image (60×60 µm2) showing a labyrinth
structure of the pyrolysate of Yttrium diphthalocyanine
(sample prepared at 1300oC).

1. V.T. Lebedev, Yu.V. Kulvelis, V.V. Runov, A.A.Szhogina, M.V.Suyasova. // NANOSYSTEMS:
PHYSICS, CHEMISTRY, MATHEMATICS, 2016, 7 (1), P. 22–29.
2. V. T. Lebedev, A. A. Szhogina, V. Yu. Bairamukov. // IOP Conf. Series: Journal of Physics: Conf. Series
848 (2017) 012005. doi :10.1088/1742-6596/848/1/012005
Keywords: carbon, metal, structure, scattering
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BIO-MOLECULAR INTERACTIONS: SPECTROSCOPIC CONCEPTS AND
APPLICATIONS
Claudia Gabriela CHILOM
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Romania
Bio-molecular interactions are critical for many biological processes since they mediate most of the
cellular functions. These interactions contribute to understanding the function and behavior of
macromolecules, like proteins, and can also to the prediction of biological processes involving
macromolecules with unknown functions.
Currently several methods are used to investigate bio-molecular interactions: optical methods as
Ultraviolet and Visible light spectroscopy (UV-Vis), Fourier Transform Infrared Spectroscopy (FTIR),
Circular Dichröism (CD), Ramman spectroscopy, fluorimetry, Nuclear Magnetic Resonance spectroscopy
(NMR) and non-optical methods as equilibrium dialysis, electrochemistry, chromatography, electrophoresis,
isothermal titration calorimetry (ITC) and differential scanning calorimetry (DSC). Most of these methods
probe interactions in solution.
Spectroscopy techniques are widely used in the fields of biochemistry and molecular biophysics
nowadays. One particularly used property of spectroscopy is that employ light in interaction with matter to
determine certain internal features of a macromolecule and to characterize the binding with a ligand.
Spectroscopic methods are sensitive to changes of the structural and dynamic properties of biomolecules,
like proteins and biomolecular complexes.
In the case of proteins, spectroscopy is used to get information on the stability, secondary structure
of macromolecules, cooperative structure transition, protein folding or unfolding, as well as on the
mechanism of protein - ligand interactions. The goal of this presentation is not to cover all proposed methods
present in the literature to study molecular interactions in large protein complexes, but to highlight the advantages
of spectroscopic methods in the study of biomolecular interactions.
Keywords: structural and dynamic properties of biomolecules, protein-ligand interactions.
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AN EMERGING MEDICAL RADIOISOTOPE Cu-64: FROM PRODUCTION TO
CLINICAL APPLICATION
Dana NICULAE1
1

Horia Hulubei National Institute for Physics and Nuclear Engineering, Radiopharmaceutical Research
Centre, Magurele, Romania

Copper-64 has several unique attributes that make it a radionuclide with potential medical applications. It has
a complex decay scheme, with electron capture, beta-emission and positron emission branches. The positron
emission (18%) has a low energy allowing high resolution images and there are no abundant gamma
emissions that impair the imaging properties as with many other positron emitters. The combination of
positron and beta-emission (39%) imparts a high local radiation dose at the cellular level making it suitable
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for targeted radionuclide therapy, while the electron capture decay (43%) is accompanied by emission of
high LET Auger electrons which add to the cytotoxic potency if the radionuclide is located inside cells and
particularly within or close to cell nuclei. A convenient half-life of 12.8 h match with the pharmacokinetics
of small molecules and peptides but also with slower pharmacokinetics of monoclonal antibodies fragments
to be used as carriers.
Copper-64 can be produced by several different reactions using either a reactor or an accelerator.
Thermal neutrons can produce 64Cu in low specific activity and low yield through the 63Cu(n,γ)64Cu reaction
or using high-energy neutrons via the 64Zn(n,p)64Cu reaction in high specific activity but low yield. Using a
cyclotron the 64Ni(p,n)64Cu nuclear reaction can produce large quantities of the radionuclide with high
specific activity. Design and optimisation of proper chelators for Copper have generated a wide selection of
useful bifunctional chelators for this purpose and the radiolabelling process is straightforward.
The biological path as biometal can be used as a basis for molecular imaging with very simple
complexes, allowing blood flow and hypoxia imaging. Copper is an essential naturally occurring metal and
its trafficking, accumulation and clearance are tightly controlled in normal health but often disturbed in
disease states such as dementia, cancer, inflammation, nutritional abnormalities and inherited diseases of
copper metabolism.
Keywords: radiopharmaceuticals, positron emission tomography, cyclotron, copper-64
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CHARACTERIZATION OF GOLD NANOPARTICLES AS CONTRAST AGENT FOR XRAY COMPUTED TOMOGRAPHY
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In the last decades in radiotherapy the discrimination between tumors and normal tissue is of great
importance, and in most cases, such discrimination is made possible by novel imaging technologies.
Current research demonstrates that nanoparticles agents allow longer imaging times than classic agents.
Recently, gold nanoparticles (AuNPs) have been proposed as a promising agent for both medical
diagnostic and therapy. Multi-disciplinary research performed over the past decade demonstrates the
potential of gold nanoparticles as agents for selective amplification of radiation dose in tumors, due to their
strong photoelectric absorption coefficient [1]. However, considering the extensive investigations involving
radiation dose enhancement of gold nanoparticles, few studies have been reported for their contrast
enhancement proprieties [2].
In this study, gold nanoparticles are experimentally analyzed as dependence of concentration (1, 2.5,
5 mg/ml) and delivered dose by means of X-ray computed tomography (XCT) and X-ray fluorescence (XRF)
methods. The efficiency of these nanoparticles is evidenced for direct excitation and for inserted gold
nanoparticles in host as phantom like material tissue. Different working parameters as current (400, 600 µA)
and applied voltage (40, 30 kV) were used for XCT method and an improved contrast was observed for the
lower voltage and the higher current combination. The optimization processes of the XCT and XRF
experimental configurations are also presented considering the source working energies and validation of
contrast enhancement of the gold nanoparticles.
Additionally, empirical results were assisted with numerical simulations based on Monte Carlo
algorithms in order to analyze the radiosensitization dependence effect of energy excitation, nanoparticles
size and concentration.
References:
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THE IMPACT OF TOMOGRAPHIC RESEARCH IN PALEONTOLOGY
Alexey V. PAKHNEVICH
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Paleontological objects can be effectively study using tomographic technique, particularly X-ray
microtomography. Using a non-destructive technique, it is possible to study the internal structure of rare,
fragile, historically valuable specimens. On the other hand, a fossil and an internal rock can be non-contrast.
The efficiency of tomography of paleontological objects is not too much discussion, since only positive
results are published. But this issue is necessary to consider, because understanding the causes of the
occurrence of negative results is important for paleontologists. Previously, some specialists published their
observations on the effectiveness of tomography studies (Pakhnevich, 2009, Angiolini et al., 2010, Lee et al.,
2017). The contrast of fossil and internal rock depends on atomic numbers and mass percentage of the
chemical elements that are in their compounds, density, and thickness of objects. The safety of the
investigated fossils is very important. To predict the results, a scale of a contrast of the minerals and some
rocks (67 specimens) for X-ray microtomography was created to help geologists and paleontologists
(Pakhnevich, 2009). It is valid for parameters I = 100 mA, U = 100 kV, filter - Al, which are most often used
for tomography of paleontological objects with a thickness about 2 to 5 cm. Minerals were located at
different levels depending on the contrast with calcite. A significant influence of minerals contained in the
rock in a small amount on the contrast of fossils and internal rocks has been identified. The amount of
impurities in the minerals affects on the contrast. The impact of tomography studies varies greatly. It can
reach 100%, but for large samples the result is usually different. For example, for samples of 169 and 440
specimens (shells of Paleozoic brachiopods), the effectiveness was 64 and 66.2%, respectively. A result is
considered positive if at least one of the internal shell structures is detected. All structures are usually
detected in 10 - 17% of the samples. Thus, some factors affect to the effectiveness of tomography of
paleontological objects. The most information on the internal structure can be obtained for a small number of
samples. The study is supported by grants: JINR – Romania scientific cooperation program 2017 -2018 and
RFBR 16-04-00758.
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PRODUCTION OF IN-TARGET 11C[CO2] ON A SPECIFIC ACTIVITY OPTIMIZED
CONICAL LONG GAS TARGET
Liviu Stefan CRACIUN*, Tiberiu Relu ESANU, Cristina IONESCU
Horia Hulubei National Institute for Physics and Nuclear Engineering (IFIN-HH)
In the frame of the IFIN-HH investment “The Radiopharmaceutical Research Centre” the major
equipment is a state-of-the-art TR19 cyclotron manufactured by Canadian company ACSI. Benefiting of this
facility, the production of medical radionuclides via cyclotron is especially envisaged.
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One of the main β+ emitter radionuclide is 11C an ideal radionuclide to apply in positron emission
tomography due to its chemical and physical properties. Practically all the biologically active compounds
contain carbon only clever chemistry is required to replace one carbon-12 atom to carbon-11. Its half-life
20.4 minutes long enough to perform even sophisticated syntheses and to make clinical investigation
feasible. The emitted positrons have 0.96 MeV energy what results 0.3 mm mean linear range, allowing good
resolution in either human of preclinical PET investigations. High specific activity 11C is important because
it can trace neurotransmitters without perturbing the imaged system. High and stable production capacity of
11
C is the key to expansion of new clinical tracers and widespread use of 11C.
The aim of this work is to improve the specific activity of 11C[CO2] produced directly in target via
nuclear reaction 14N(p,α)11C and trapping in a reservoir filled with NaOH. The supply target is a mixture
gases, high purity N2 / 0.05% O2. Targeted studies with 11C compounds demand high specific activity. In this
study we used a conical aluminum gas target, 185 mm long with a volume of 65 cm3. By using a thicker foil
and efficient helium and water cooling system it is possible to increase the filling pressure and apply higher
beam current.

Work is in progress to build a system to keep the target at a constant temperature in order to conduct more
controlled experiments.
Keywords: Cyclotron; carbon-11; gas target
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FERROELECTRIC PEROVSKITE COLLOIDAL NANOCRYSTALS for ENERGY
STORAGE AND TRANSITOR APPLICATIONS
Gabriel CARUNTU1, Saman Salemizadeh PARIZI2, Benard KAVEY1, Daniela CARUNTU, Tomasso
COSTANZO1
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The rational design of monodisperse ferroelectric nanocrystals with controlled size and shape and
their organization into hierarchical structures has been a critical step for understanding the polar ordering in
nanoscale ferroelectrics, as well as the design of nanocrystal-based functional materials which harness the
properties of individual nanoparticles and the collective interactions between them. Aggregate-free, singlecrystalline titanium-based perovskite nanoparticles with controlled morphology and surface composition
have been synthesized by a simple, easily scalable and highly versatile colloidal route. The shape of the
nanocrystals was tuned from spheroidal to cubic upon changing the polarity of the solvent, whereas their size
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was varied by changing the concentration of the precursors and the reaction time, respectively. Lattice
dynamic analysis indicated that regardless of their size, BaTiO 3 nanocrystals present a local disorder within
the perovskite unit cell, associated with the existence of a polar ordering. We also demonstrate for the first
time that, in addition of being used for fabricating large area, crack-free, highly uniform films, BaTiO3
nanocubes can serve as building blocks for the design of 2D and 3D mesoscale structures, such as
superlattices and superparticles. Detailed in situ studies electron microscopy studies of individual BaTiO3
nanocubes with nanometre-resolution off-axis electron holography provided further evidence of the linearly
ordered, monodomain polarization state and enabled direct imaging of the ferroelectric polarization.
Nanoparticle-based thin films have been used to design flexible capacitors and field-effect transistors which
exhibited performance characteristics which rival those previously reported in the literature. Specifically,
nanocomposite films containing 7% of 15 nm BaTiO3 nanocubes dispersed into poly(vinylidene fluoride-cohexafluoropropene) (P(VDF-HFP)) displays a high permittivity (=21) and a relatively high energy density
(E=4.01 J/cm3) at 150 kV/m, which is 132% higher than that of the neat polymer and also exceeds the values
reported in the literature for polymer-ceramic nanocomposites containing a similar amount of nanoparticle
fillers. Moreover, all-inorganic bottom gate field effect transistors fabricated on flexible plastic substrates by
using these nanocubes as the dielectric layer and 10 nm spheroidal In 2O3 nanoparticles as the semiconductor
layer exhibited a high on/off ratio (>10 4) under a low driven voltage of 10 V with a charge mobility of 17
cm2V-1s-1. The superior performance characteristics of these devices are mainly due to the high dielectric
constant of the ferroelectric nanocrystals along with their tunable surface composition, which allows them to
be uniformly dispersed in various solvents and minimize the trapped sate density at the dielectricsemiconductor interfaces in these devices.
Keywords: solution-processing, colloidal nanocrystals, dielectrics, flexible electronics
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THEORETICAL MODELING AND EXPERIMENTAL STUDY ON
CHLORTETRACYCLINE INTERACTION WITH VECTOR MOLECULES
N. FIFERE1, Claudia NADEJDE2, Anton AIRINEI1, Dorina CREANGA2
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To increase targeting efficacy of low hydrosoluble drugs for infectious disease therapy some vector
molecules may be used to carry active pharmaceutical substances through body fluid system. The present
study was dedicated to hydrochloric chlortetracycline. The vector molecule was chosen considering its
convenient physical-chemical properties, with hydrophilic external surface and hydrophobic internal one.
The intermolecular interaction was first analyzed from the viewpoint of its structural and energetic
descriptors of each molecule; then the beta-cyclodextrin inclusion complex with chlortetracycline was also
modeled for two spatial possible configurations, relatively to the chlorine atom position by applying
quantum-chemical algorithms.
The assembling of the host-guest complex was further tested experimentally using aqueous solutions
with various concentrations of the two molecules – using electronic absorption spectra, vibrational spectra
and nuclear magnetic resonance spectra. The spectral recordings in UV-Vis and infrared domains have been
compared with theoretical spectra generated with mathematical algorithms. From FTIR recordings the
coupling of chlortetracycline into beta-cyclodextrin internal cavity was emphasized at the level of specific
vibration band with increasing intensity during host-guest complex assembling. The UV-Vis recordings of
process kinetics evidenced the higher probability of single chlortetracycline molecule inclusion within carrier
vector compared with the possibility of two drug molecules attaching to the same beta-cyclodextrin host
molecule. NMR investigation suggested that the rate of chlortetracycline interaction with beta-cyclodextrin is
only of moderate efficacy probably because uncontrollable transformation of chlortetracycline into 4-epi
chlortetracycline that is not able to develop rather efficient interaction with chosen vector molecule.
The study will be continued to increase the accuracy of mathematical modeling approach with new
soft packages and also, to monitor the stability of chlortetracycline structure.
Keywords: inclusion complex, drug targeting, quantum-chemical modeling, spectral analysis
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HYBRIDS BASED ON GARDEN HERBS, SILVER AND PECTIN
Marcela Elisabeta BARBINTA-PATRASCU1, Mihaela BACALUM2, Ana Elena LEPADATU1, Nicoleta
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The aim of present study was to synthesize pectin-coated bio-nanosilver using a “green” design. Silver
nanoparticles were generated from some common garden herbs: Mentha piperita, Amaranthus retroflexus
and Cirsium arvense. Pectin was extracted from fresh lemon peels. The samples were characterized by the
following methods: UV-Vis absorption and FTIR-ATR spectroscopy, DLS, AFM, zeta potential
measurements. Their bioperformances were checked in terms of antioxidant, antibacterial, hemolytic activity
and antiproliferative activity. The results are promising, the obtained biohybrids could be used in many bioapplications, especially in cancer treatment.
Keywords: Silver nanoparticles, pectin, “green” design, bioperformance
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NONLINEAR AND FRACTAL ASPECTS IN THE MANAGEMENT OF RISKS
Bogdan DUMITRU1, Cristian TOMA1, Mihaela GHELMEZ1
1

“Politehnica”University of Bucharest

Nonlinear and time-series aspects are well-known in physics applications in different
interdisciplinary domains. In the process of risks administration associated with concrete operations in
industry, some models of risks identification, analysis and treatment are proposed by us. They were adapted
to the specific thematic domain, the importance of them conducting to including the risks treatment in the
management system of the economic studied operator. Computer simulations on the basis of concrete data
for risks impact leaded to some nonlinear mathematical models for estimating the nivel of risks and residual
risks. For this purpose, a computer program –namely TableCurve3D – was used (Fig.1) and a comparison
with the FMEA (Failure Mode and Effect Analysis) was presented.
Rank 231 Eqn 2038 z=a+LOGISTICX(b,c,d)*LOGISTICY(1,e,f)
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For describing the accumulation of non-treated risks, we used interconnected pulses, based on large
time-scale patterns created by the slow-varying amplitude of generated vibrations. It was shown that nonlinear effect consisting either in spatial effects- as Koch curve generation (Fig.2), or in temporal effects- as
the enhancement of high-amplitude pulses at the end of a certain sequence, can be explained through
interlaced pulses.
Such pulses, with consonant properties repeated at larger scale, lead to a similitude feature within
fractals theory.
[1]. M.Ghelmez, C.Toma, M.Piscureanu, A.Sterian, Chaos, Solitons &Fractals, 17, 2003
[2]. E. Bakhoum, C. Toma, Mathematical Problems in Engineering, 11 pages, Article ID 409856,
doi:10.1155/2012/409856, 2012
[3]. B.Dumitru, M.Ghelmez, I.Craita, Aspects of Modeling Work Conditions Influence on the Performance
of Employees, COMEC 2016, Brașov, Romania
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MULTIDISCIPLINARY STUDY ON PREHISTORIC POTTERY FROM SOUTH EAST
ROMANIA
Roxana BUGOI (1), Theodor IGNAT (2), Cătălin LAZĂR (2), Florin CONSTANTIN (1)
(1) HoriaHulubei National Institute for Nuclear Physics and Engineering, Măgurele, 077125, Romania
(2) University of Bucharest, 34-36 Bd. M. Kogălniceanu, Bucharest 050107, Romania
Inspired by the archaeological research in the Sultana-Malu Roșu (southeastern Romania) tell
settlement belonging to Kodjadermen-Gumelniţa-Karanovo VI culture (c. 4500-3800 BC), a project on
experimental archaeology begun several years ago. One of the main goals of this project was to re-create
Eneolithic pottery. In order to reach it, a complex approach involving the use of archaeometric methods, was
employed.
The reconstruction of the chaîne opératoire of archaeological pottery started with the information
obtained through macroscopic observations. The next step was the development of experimental and
demonstrative models. In this process, several types of clay, tempering, modeling, burnishing, decorating,
drying and firing procedures were tested. Different hand-making techniques, such as shaping the vessels
from one lump of clay, coiling and molding were also tried.
The experimental archaeology procedures were backed up by the petrographic (optical microscopy
on thin sections) and chemical (X-ray fluorescence and X-ray diffraction) analyses on ceramic samples from
two Eneolithic dwellings excavated on the tell settlement from Sultana-Malu Roșu. These analyses not only
helped the identification of the clay source used as raw material by the prehistoric potters, source that turned
out to be located in the proximity of the tell settlement, but also provided a more refined recipe for the clay –
temper mixture.
This presentation is particularly focused on the use of imaging methods – radiography and X-ray
computed tomography (CT) – that were employed to gain additional knowledge on the manufacturing
techniques of Eneolithic pottery. This approach recommends itself as an excellent non-invasive way of
studying prehistoric pottery, being especially meaningful for investigating unbroken vessels or statuettes.
The combination of imaging analysis and experimental archaeology is an innovative one, having the
potential to confirm or refute some of the current hypotheses regarding Eneolithic pottery.
Radiography and CT were employed to study the structure of the vessels produced during the
experimental workshops, and the one of genuine Eneolithic pottery excavated from the tell settlement. The
set of images obtained from both experimental and archaeological pottery turned out to be comparable with
each other; in some instances, they helped identifying the manufacturing techniques. The most promising
results are the ones on vessels resulting from coiling techniques.
The data reported in this study will be also used for future research of archaeological pottery. In a
broader sense, these results will lead to a better understanding of the way of living of our ancestors.
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COOPERATIVE ENTANGLED EFFECTS BETWEEN MODE COMPONENTS OF
OPTICAL MICRO-FIBER (OR MICRO-CAVITY) STIMULATED BY TWO ENSEMBLES
OF ATOMS IN NON-LINEAR INTERACTION
Tatiana Pislari1,2 and Nicolae Enaki1
1

2

Institute of Applied Physics, Moldova
Physics Department, State University of Moldova, Moldova

Nonlinear Cooperative phenomena opens the new possibilities in the realization and application of
entangled states between the photons and radiators [1]. The preparation of entanglement states of photons in
two or more modes was the subject of the discussions in the quantum processing systems (QPS) [2, 3]. These
effects admit the new discussions and investigations in the fundamental description of the multi-particle
entangled states named bound entanglement [2, 3]. The collective effects between the cavity photons open
the conception of coherence between the bi-particles or between the Stokes and the pump and anti-Stokes
photons in the cooperative Raman process (CRP) [4]. Many authors [2, 3] emphasized, that the entanglement
of multi-mode particles cannot be distilled into pure entanglement under local operations of communication,
a class of the multi-particle entanglement is considered useless bound entanglement for any quantum
information processing. According to the authors of Ref. [5] report the first experimental preparation of a
bound-entangled state. A standard scheme in quantum information theory consists of two distant parts. The
Ref. [6] produced the bound entanglement in the polarization of four optical photons, produced from
parametric down-conversion. Within a range of the parameter, they have shown, that this state is entangled
and indistinguishable.
The realization of cooperative interaction between different subsystems in two-quantum processes is
proposed in many investigations of the last time [7]. According to these concepts the multi-particle entangled
states become more sophisticated than free entangled states named in many situations as an undistinguished
entanglement between the particles [8]. In some situations the so called bound entangled needs the new
redefinition in order to describe the inseparable process which takes place between the photons belonging to
same cavity modes. In such situation is better to study the quantum proprieties of collective modes, created
in the nonlinear interactions between the traditional cavity modes of the electromagnetic field (EMF).
Keywords:Quantum optical phenomena in absorbing; Nonlinear optics; Stimulated Raman scattering;
Cooperative phenomena in quantum optical systems
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NANOAGGREGATES FROM METALLIC NANOPARTICLES AND MACROCYCLIC
COMPOUNDS: PHOTOPYSICAL, PHOTOCHEMICAL AND ANTIMICROBIAL
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RADU Nicoleta1
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Metallic nanoparticles, silver (Ag) and gold (Au) especially, are widely studied mainly due to their
excellent antimicrobial and antibacterial properties that make them suitable in many applications. On the
other hand, macrocyclic compounds and phthalocyanines especially exhibit photoactivity under irradiation
and are therefore used especially in medical applications. The conjugation between nanoparticles and
phthalocyanines macromolecules has drawn a great deal of attention because these metallic nanoparticles
(eg.: Ag, Au) exhibit good photoactivity under UV-irradiation, and upon combination with photoactive
molecules such as metallic phthalocyanine (Pcs) derivatives, the photochemical activity of Pcs is enhanced
and the stability of metallic nanoparticles is considerably increased [1].
This research paper describes the chemical synthesis, physical-chemical characterization and the
photosensitizing properties of two phthalocyanine derivatives: tetracarboxamido-zinc phthalocyanine
ZnPc(CONH2)4 and octacarboxamido–zinc phthalocyanine ZnPc(CONH2)8. The chemical synthesis of the
two metallic nanoparticles is also described, focusing on the spectroscopical investigations (eg.: UV-Vis,
FTIR, AFM, XRD, TEM, SEM) and nanometer-size measurements using diffuse light scattering technique
(DLS).
The nanoaggregates obtained after the conjugation between metallic nanoparticles and
phthalocyanine derivatives is confirmed by IR and UV-Vis spectroscopies that revealed the formation of the
amide bond. Fluorescence lifetime measurements and quantum yields revealed that they decrease in case of
the conjugates compared to the phthalocyanines alone, as a result of the quenching caused by the AgNPs
especially. The antimicrobial activity of the two phthalocyanine derivatives and of the resulted
nanoaggregates was also investigated.
Keywords: metallic nanoparticles, phthalocyanine deriatives, photopysics, photochemistry, antioxidant
properties.
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The Romanian seismic network has been substantially developed during the last decade, as concerns
the number of stations and implicitly the improvement of the seismic stations coverage. These seismic
stations represent important data sources for seismological analyses and interpretations. Cluj seismic station
(CJR) is the starting point for the work carried out in this paper.The aim of the study is to perform a complex
investigation of the earthquakes recorded at CJR station in order to verify the potential of single-station data
for determination of theearthquake locations and extraction of information regarding the velocity structure
beneath the station.
The first step towards achieving this was to build the database with the local and teleseismic events
recorded at CJR station over 5 years, between 2013 and 2017. The waveforms related to these earthquakes
were analysed and interpreted with dedicated software. Next, we estimated the back-azimuths (BAZ) from
direct measurements on waveforms and compared them with theoretical ones calculated using the station’s
and epicentres’ coordinates. The observed differences highlight the existence of structural inhomogeneities
on the direction of waves propagation from the source to CJR station. Finally, we performed a surface wave
dispersion analysis in order to compute a 1D velocity model for the structure beneath the CJR station. This
model may represent a starting point for more detailed studies of the Earth velocity structure in the region
that could be very useful for seismic hazard analysis.
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MICROSTRUCTURE ANALYSIS OF HIP PROSTHESIS FROM Al 2 O3/Y-ZrO2
CERAMICS USING NEUTRON DIFFRACTION METHOD
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Current replacement hip prosthesis is consisted mainly from stainless steel or titanium, being limited
in performance and having a clinical risk so far. Alumina-yttria partially stabilized zirconia (Al 2O3/Y-ZrO2)
ceramics showed to represent an alternative in prosthesis components. Mechanical properties of these
ceramics depend on the distribution of residual stresses, after cooling by the sintering temperature. The main
characteristic of Al2O3/Y-ZrO2 ceramics is related to microstructure since the crystallographic texture,
residual strain, the pores, grain size etc. inside the ceramics influence its critical properties. The
crystallographic texture, residual strain can be determined using neutron diffraction method.
In the present article, we showed the microstructure characteristics importance (i.e. crystallographic texture,
grain size distribution etc.) of hip prosthesis determined by different techniques, including neutron
diffraction method. This investigations will provide new quantitative data in order to optimize the
components of the newly prosthesis for its use in artroplasty.
Keywords: microstructure, ceramics, Al 2O3/Y-ZrO2, neutron diffraction.
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Nowadays, when a growing concern is noticed regarding food composition and the demands for
healthy foods has expanded, Cold Pressed Oils, obtained from different seeds, fruits, vegetables and nuts
have become more and more attractive in terms of nutrition due to the phytochemical and antioxidant
properties of their active compounds.
The human body uses oils in the diet for three purposes: as an energy source, as a structural
component and to make powerful biological regulators.
Elemental profiling in terms of macro-, essential elements constitutes an important tool for quality
control in in terms of nutritional values of these products. In this regard, an Inductively Coupled PlasmaMass Spectrometry (ICP-MS) based multi-elemental profiling was performed to assess the quantitative
complement of essential mineral and toxic metals content of different oil samples types, from Romania
market, after microwave digestion.
The nutritional value of the oils expressed by the concentration of metals (Na, Mg, K, Mn, Ca, Cu
and Cr), proved their good quality to be used as food supplements.
The heavy metals content (Cd, Pb and As) of the investigated oils were sufficiently low as to pose no
risk to human health.
Additionally, the carbon stable isotope ratios (ẟ13C) of vegetable oils samples was determined by
IRMS using a Delta V Advantage (Thermo Fisher Scientific, Bremen, Germany) in order to differentiate the
specific fingerprint of investigated oils.
Keywords: heavy metals, ICP-MS, edible oils
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We outline here examples from a series of case studies and method development advances using the
ideas of spin coupling and vibronic (vibrational-electronic) interactions as ancilary tools in the description of
diverse processes, of physical or chemical sort. A part of the work deals with the features making the boron
doped diamond suitable as electrode. The local B site can be characterized as a hole in a degenerate level,
prone to distortions of Jahn-Teller type, as the corresponding potential energy surface mapping illustrates
(see Fig. 1). The unpaired electron originating from the boron atom appears delocalized on the neighbor
atoms, explaining the conducting behavior of the doped diamond.
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(c)

Figure 1.The BC50H52 molecular model (panel a) and the results of relaxed potential energy curves tuning
selected angles in the central BC 4 tetrahedron (panel b).The potential energy surface drawn driving the offcenter placement of boron as function of polar coordinates, at dr=0.1 Å.
In a second part, taking prototypic molecules (colorants, penicillins) in contanct with metal ion
complexes or nanoparticles, we realize numeric experiments in the frame of density functional theory (DFT),
investigating charge transfer and spin polarization effects, extendind the methodological tracks of previous
works. [2, 3] We attempted new advances in extracting key parameters, exploiting the capability of DFT to
give quantitative measures to valuable concepts like electronegativity and chemical hardness. In the DFT
frame, the fractional electron populations are conceptually allowed, enabling - at non-standard handling interesting treatments (fragment energy analysis, fractional and non-aufbau orbital populations, to emulate
excited states).
Keywords: Charge transfer, spin coupling, vibronic coupling, molecular modeling.
1. I. B. Bersuker, Chem. Rev.2001, 101,1067.
2. C. I. Oprea, P, Panait, F. Cimpoesu, M. Ferbinteanu and Mihai A. Gîrţu, Materials2013, 6, 2372
3. C. I. Oprea, P, Panait and Mihai A. Gîrţu, Beilstein J. Nanotechnol.2014, 5, 1016.
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THE IN VITRO EVALUATION OF THE RADIOTOXICITY OF GALLIUM-68
LABELLED PHARMACOLOGICAL COMPOUNDS
Radu-Marian SERBAN1,2, Mihaela TEMELIE1, Dana NICULAE1, Anca DINISCHIOTU2
1

Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering (IFIN-HH),
Radiopharmaceutical Research Centre, Magurele-Ilfov, Romania
2
University of Bucharest, Faculty of Biology, Bucharest, Romania

In vitro toxicity studies are important in pharmacological development studies, being performed
before the testing of all newly synthesized drugs on animals in order to provide relevant information
regarding the effects such compounds has on an organism in a more time and cost efficient method than
animal testing.
This approach of testing a substance toxicity involves exposure of bacterial or mammalian cells to
controlled doses of the active compound and analyzing the effects they induce. Studying the effects of the
compound on the cells morphology, metabolism and growth rate can give important data regarding the risks
which presence of a certain substance can pose to human lives, other organisms or the environment itself.
Another advantage of in vitro toxicity testing compared to in vivo testing is represented by a large number of
samples that can be analyzed, thanks to the rapid growth of bacterial colonies and cell lines, compared with
the efforts of managing the appropriate number of test animals required for a relevant study.
During early stage development of radiopharmaceutical compounds testing the radiotoxicity is
crucial for the selection process of proper therapeutically substances. Radiotoxicity is a measure of how
harmful a radioactive nuclide is to a living organism. This property can be exploited by medical techniques
in order to cause the destruction of a target tissue or organ for therapeutic purposes. The toxicological tests
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are also important in the development of certain radiopharmaceuticals labelled with Ga-68 used for imaging
purposes, the compound needs to be albe to generate a resonable resolution image while having an as small
as possible detrimental effect on the body, especially on critical radiosensitive organs.
Keywords: radiopharmaceuticals, in vitro testing, toxicity, gallium-68
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BIO-NANOSILVER GENERATED FROM NETTLE AND GRAPES, AS ADJUVANT IN
CANCER THERAPY
Marcela Elisabeta BARBINTA-PATRASCU1, Mihaela BACALUM2, Ana Maria CONSTANTINESCU1,
Nicoleta BADEA3, Camelia UNGUREANU3, Stefan Marian IORDACHE4
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Green chemistry principles were used to phytosynthesis silver nanoparticles from aqueous extracts
of nettle (Urtica dioica) leaves and black grapes (Vitis vinifera fruits). The mixture of these extracts proved
to be the most potent bioreductant for Ag+, as compared to each extract alone. Spectral and morphological
studies were performed to characterize the metallic nanoparticles. Their biological activity was checked by
evaluating the antimicrobial, the antioxidant, anti-cancer properties and biocompatibility (hemolytic activity
was tested).
The anti-cancer potential of both the nettle and black grapes could be combined into a single drug,
which can be easily administrated (intramuscular or intravenously) and which doesn’t affect other organs
like chemotherapy does.
Keywords: Metallic nanoparticles, antimicrobial activity, antioxidant properties, cancer
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INCREASING THE ENERGY EFFICIENCY OF BIOGAS SYSTEMS BY
ELECTROPHYSICAL STIMULATION OF MICROBIAL ACTIVITY
Nicoleta Oana NICULA1, Carmen MATEESCU1
1

National Institute for Research and Development in Electrical Engineering ICPE-CA

For producing biogas by fermentative processes, various pretreatment actions should be applied to
the organic substrate in order to reach a higher methane content but also to decrease the biomass hydraulic
retention time, so as get a higher efficiency of the global biochemical processes. It is known that sinusoidal
electric fields in the extremely low frequency range applied to microbial cultures, depending on the species
and the nutrients present in the medium at certain sensitive frequencies, can significantly alter the
metabolism of microorganisms, including those of fermentation.
This paper presents a laboratory innovative method for achieving a selective stimulation of microbial
activity in the fermentative organic mass. Anaerobic digestion experimental testing was carried out for two
types of organic substrates: potatoes residuals and molasses, while the influence of the sinusoidal electric
field of extremely low frequency in the range of 0.5 Hz ÷ 500 Hz, on the metabolic activity of methanogens
was studied. The results showed that by controlling some parameters such as the electric permittivity, the
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electric capacity and the dielectric loss factor in laboratory-scale experiments, the biochemical activity of
methanogens and consequently the biogas quality can be improved.
Also, the paper presents an innovative biogas concept with organic mass electrophysical stimulation,
that ensures the biomass exposure in sinusoidal electric field of extremely low frequency in the range of 0.5
Hz ÷ 200 Hz, with the scope to facilitate de metabolic activity of the methanogenic microorganisms and
increase the biogas yield in anaerobic digesters. The system includes an anaerobic fermentation chamber in
which two parallel planar walls have incorporated in the layer of epoxy resin polarizing electrodes that are
electrically connected to the terminals of a controlled frequency electrical generator in the range 0.5 ÷ 200
Hz.
The innovative technique and the biogas system allow increasing the efficiency of biogas generation
through a selective stimulation of fermentative processes in favor of methanogenic microorganisms in order
to maximize the CH4 : CO2 ratio in biogas and reduce the retention time of the organic mass in the
fermenter, without any auxiliary energy consumption. Moreover, they ensure improving the environment
quality by increasing the level of degradation and conversion of organic pollutants.
Keywords: biogas, electrophysical pretreatment, biomass.
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CHARACTERIZATION OF FERRIHYDRITE NANOPARTICLES IN
INTERACTION WITH LIPOSOMES AND THE EFFECT AGAINST NORMAL AND
TUMOUR CELLS
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Spectroscopic properties of chemically synthetized ferrihydrite nanoparticles at the interface with
liposomal membranes were investigated by spectroscopic methods (UV-Vis, FT-IR and fluorescence). Three
types of ferrihydrite nanoparticles were used: empty, cooper and cobalt doped nanoparticles. The differences
in empty and doped ferrihydrite nanoparticles morphology, dimensions, volume size distribution were
highlighted by atomic force microscopy (AFM) and small-angle neutron scattering (SANS) methods.
Finally, the effect of these nanoparticles on the cell viability was tested.
The dispersion of the nanoparticles at different dilution was analyzed by UV-Vis spectroscopy, a
large absorption in the 250 - 600 nm spectral range. The fluidity of the liposome membranes in the presence
of ferrihydrite nanoparticles was studied on the basis of Laurdan probe fluorescence properties. Fluorescence
general polarization and the anisotropy were used in order to monitor the fluidity and the organization of the
lipids in liposomes. The effect of the dopant metals has been discussed. The influence of empty and doped
ferrihydrite nanoparticles at cellular level was studied and the cell viability was determined using the MTS
assay. A different effect of the ferrihydrite nanoparticles was obtained.
Keywords: ferrihydrite nanoparticles, morphology, laurdan, liposomes fluidity, cellular viability.
Acknowledgment: The work was accomplished with the financial support of the 2018 RO-JINR Project
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Folic acid is a bioactive component which can induce changes in the model of lipids membranes
organisation. The mechanism of interaction of folic acid with Dipalmitoylphosphatidylcholine (DPPC)
liposomes has been approached through UV-Vis spectroscopy, steady state and time resolved fluorimetry.
The presence of folic acid in the liposomal suspension led to an important modification in the
liposomes absorption spectrum. These spectral changes may be an indication that the lipid organisation was
altered by inserting the folic acid into the liposomal membrane. A significant increase in the fluorescence
intensity of folic acid in the presence of DPPC liposomes was observed. It is possible that the fluorescent
area of the folic acid structure, in the presence of DPPC liposomes, becomes less accessible to solvent
molecules due to the interaction with liposomes. For the membrane fluidity studies, laurdan probe was used.
The profiles of the general polarization, GP, and relative area, ΔSR confirms the membrane tendency to
becames rigid at low temperature and fluid at high temperature where the solvent relaxation appear. This
solvent relaxation can be been attributed to a small number of solvent molecules present at the membrane
interface. The fluidity of DPPC liposomal membranes has not been affected by the folic acid partial insertion
to the outer liposome layer. Time resolved fluorescence experiments confirm the dynamics of the folic acid
molecules in the liposomal membrane.
To see how FA acts on cell membranes, its effect on the fluidity of natural membranes was
monitored using one normal cell line (L929 – mouse fibroblasts) and three cancer cell lines (Hep G2 –
human hepatocellular carcinoma, HT-29 – human colorectal adenocarcinoma and MG-63 – human
osteosarcoma). The results were compared with those obtained with liposomes.
Keywords: folic acid, laurdan, liposomes fluidity, luteolin, cellular viability.
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Introduction. Vinca L. species are decorative and medicinal plants, well known for their alkaloid
content. The genus is native to middle and south Europe where it comprises three species and one variety:
Vinca minor L., Vinca major L., Vinca major L. var. variegata Loudon and Vinca herbacea Waldst. & Kit.
Methods. The aim of this study was to analyse the main morphological differences between the
leaves of three of the species (V. minor, V. major var. variegata and V. herbacea), using light microscopy
(LM), scanning electron microscopy (SEM), and transmission electron microscopy (TEM) methods. The
leaves of V. minor and V. herbacea were collected from A. Borza Botanical Garden, Cluj-Napoca county,
Romania and identified by Dr. Marcel Pârvu, Babes-Bolyai University of Cluj-Napoca, and V. major var.
variegata was bought from the Flowers Time Company, Cluj-Napoca.
Results. LM gave us information about the presence or absence of trichomes on the surface of the
leaves. SEM method helped in analyzing the distribution of stomata on the ventral and dorsal sides of the
leaves, and in measuring the length of the trichomes. Using TEM method, the width of the cell walls was
compared.
Conclusion. Our analyses showed that V. minor leaf had no trichomes on the surface nor on the
margins, and that the V. major’s trichomes were present only on the margins compared with V. herbacea
which had trichomes also on the dorsal side. Also an interesting result was that V. herbacea had no stomata
on the dorsal side of the leaf (Fig. 1). TEM analyses revealed that V. herbacea has the widest cell wall,
followed by V. minor and V. major.

Fig. 1 - Stomata distribution; first row: dorsal side, second row: ventral side; A1-B1: V. minor, A2-B2: V.
major, A3-B3: V. herbacea; rectangular surface: 12*10-2 mm2.
Keywords: SEM, TEM, light microscopy.
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MAGNETO-STRUCTURAL CORELATIONS WITH NITROXIDE RADICALS
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In order to chart extensive data concerning the Electron Paramagnetic Resonance (EPR)
sprectroscopy of stable organic radicals [1], used as spin probes in complex supramolecular environments,
we develop various computational experiments, using Density Functional Theory (DFT) and Valence Bond
(VB) methods (see panels a and b in Figure 1), as well as phenomenological models for the spin-spin or spinfield interactions. According to our interests in the spin-chemistry, [2] extending previous methodological
developments regarding structure-property relationships in systems with organic spin carriers [3], we
approach molecular models deriving from the TEMPO ( (2,2,6,6-tetramethylpiperidin-1-yl)-oxyl) radicals.
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Figure 1. Synopsis of structural aspects of nitroxide-based radicals. (a) the molecular orbital (MO)
perspective of the spin lodging; (b) the VB modeling of spin delocalization in the NO group, (c) the variation
of coupling parameter, J, as function of mutual τ angle between the -type MO planes
We attempt to consider the full complexity of the interactions in various molecular systems and
supramolecular conditions converting the data offered by state-of-the art DFT computations in handy
models, accounting the spin-spin interactions between nitroxide spin carriers, as function of their mutual
placement (distance, bond angles, dihedrals between two N-O groups belonging to different TEMPO
moieties). For instance, in the symplified situation outlined in panel (c) of Figure 1, the comptued NO...NO
exchange interaction can be rationalized as a J= JF+ JAFsin(τ)2 dependence, fitted with the JF=+17,7 cm-1
and JAF=-168 cm-1 parameters. More complex and diverse dependencies are accounted extending the
computational mapping and model developments.
Keywords: Organic Radicals, spin coupling, molecular modeling, structure-property relations.
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IN VEGETABLES BY GCXGC-TOFMS TECHNIQUE
Diana Ionela Stegarus,Mircia Toderici, Roxana Elena Ionete
National Research and Development Institute for Cryogenics and Isotopic Technologies - ICSI Rm. Valcea,
4 Uzinei Str, Romania
Monitoring the level of contamination of loading with pesticide residues of various agricultural
products, as vegetables, fruits, soil, water and other components of agro-systems, remain a major concern in
the evaluation of risks for environment and health. Therefore, this work emphasize the application of twodimensional chromatography in determining a large range of pesticide residues (ex. fungicides, insecticides,
acaricides) from vegetables, to better assess the impact of agricultural practices that sometimes may result in
"accidental" application of higher doses of treatment solutions. Samples have been collected from various
regions of Romania, considering both different batches and production periods, randomly chosen from
several agricultural producers. The experimental two-dimensional chromatograms were obtained using a
GCxGC-TOFMS, a state-of-the-art equipment that manages to easily quantify at ppb level and to record the
entire spectrum at high speeds (up to 500 spectra / second) without losing of the data quality. The results
showed that vegetables such as green lettuce, green beans, cucumbers and tomatoes have accumulated
pesticide concentrations that exceed the maximum allowed by the law, including chlorpyrifos-ethyl,
fludioxonil, cyprodinil, fenhexamid, spirodiclofen.
Keywords:residues pesticides, fruits, soil, water, GCxGC-TOFMS
Acknowledgments:This work is part of the program PN 18 12 03 02 "Cercetari privind dezvoltarea de
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The purpose of this paper is to present the most comprehensive catalogue of Romanian earthquakes
for which fault plane solutions are available at the moment. The catalogue comprises 250 crustal events and
416 subcrustal events covering the time span 1929 - 2000. All the existing information is considered and
revised, and presented in a homogeneous catalog. The output summarizes all this information and when
several fault plane solutions are available, only one single solution is selected in the catalogue. To this aim
we have analyzed all the information existing in previous published papers and internal reports. We
reconsidered the available fault plane solutions and finally selected a single fault plane solution for each
event in the catalogue. For some cases, necessary corrections to the previous solutions are carried out.
The earthquake mechanism catalog for the XX century has in principal three main sources: 1). The
catalogue published by Radulian et al., 2002; 2). For Banat and Danubian area the catalog is completed with
the work of Oros et al., 2008; 3). Some 30 earthquakes mechanisms are included computed by waveform
analysis are from Ardeleanu, 2010; for the last years (1998-2000) the earthquake mechanism are computed
by the authors.The catalog is presented in a single table in the order of occurring time of the events.The
magnitude have been reconsidered and presented as moment magnitude (Mw), either transformed from older
magnitudes or in accord with Romplus catalog. Quality definition is given by quality designation (A, B, C, D
or E, where A is better quality than E) as defined by Zoback and Zoback (1991). The seismogenic areas
spread over the crust in Romania are presented in a new form, which is permitted by the number of the
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events with computed focal mechanism with depth in the crustal part. The characterization of focal
mechanism in correlation with these seismogenic areas are described and several considerations with local
tectonic and geologic features are presented.
The catalogue of fault plane solutions of Romanian earthquakes compiled in this paper is presented
in the Appendix and is accessible on line at www.infp.ro. It is the belief of the authors that the present
catalog, presented as a database, will be a valuable contribution to an extended primary input data for all
seismic hazard computations. It is added to the present catalog of the focal mechanisms computed for the
period until the end of 2012 (Radulian et al., 2018, Bala et al., 2018). It is the belief of the authors that the
present catalog, presented as a database, together with the new catalog, will be a valuable contribution to an
extended primary input data for all seismic hazard computations for all Romania.
Key words: revised catalog of earthquake mechanisms, seismogenic zones of Romania
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One popular family of designer drugs, referred to as “bath salts” on the black market, are the
synthetic cathinones. An important member of this family is 3,4-methylenedioxypyrovalerone (MDPV), a
β-keto phenylalkylamine that is a derivative of the natural alkaloid cathinone found in the Catha edulis plant
(see Fig.1) [1]. MDPV was first detected in Japan in 2007, and then it was increasingly found throughout the
world [2]. In 2011, the Drug Enforcement Agency of the United States (DEA) temporarily classified 3,4methylenedioxypyrovalerone as a Schedule I drug, meaning that it has no accepted medical use and very
high abuse liability [3].
The aim of the present study was to characterize MDPV by IR spectroscopy in conjunction with
Density Functional Theory (DFT) calculations. The presence of a chiral centre at the α-carbon of the side
chain gives rise to the enantiomeric pair of S-MDPV and R-MDPV, respectively. Quantum mechanical
calculations for both isomers were carried out in the ground state using the B3LYP hybrid functional with 6311G(d,p) as basis set. For the most stable isomer the vibrational frequencies Have been evaluated by
analyzing the energy second derivatives determined based on the harmonic approximation. The detailed
vibrational assignments of the absorption bands have been done based on the potential energy distribution
(PED). The experimental and calculated frequencies are found to be in good agreement.
Keywords: synthetic cathinone, MDPV, DFT, vibrational analysis.

Fig.1
[1] M. Coppola and R. Mondola, 3,4-Methylenedioxypyrovalerone (MDPV): chemistry, pharmacology and
toxicology of a new designer drug of abuse marketed online, Toxicol Lett. 12(5), 208, 2012.
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The capacity of 3,4-methylenedioxypyrovalerone (MDPV) to induce an excessive dopaminergic
tone, in combination with inhibition of norepinephrine uptake and potentially reduced ability to provide
compensatory serotonergic transmission, appears to form the basis for a variety of symptoms observed in
emergency departments, such as severe agitation, violent behaviour, tachycardia, psychosis, profuse
diaphoresis, paranoia and anxiety [1].
In order to assess the chemical potential of 3,4-methylenedioxypyrovalerone, the main quantum
molecular descriptors characterizing the hydrophobic/hydrophilic, steric and electronic interactions between
the studied compound and its biological receptors have been computed. Octanol-water partition coefficient
(logP) is used in QSAR studies and “rational” drug design as a measure of molecular hydrophobicity,
property that affects the drug absorption, bioavailability, hydrophobic drug-receptor interactions, metabolism
of molecules, as well as their toxicity. We have also determined the molecular electrostatic potential (see Fig.
1) in order to investigate the reactive sites present in the molecular electrostatic potential map of the studied
compund. The three dimensional molecular electrostatic potential map (MEP) diagram illustrates the relative
polarity of the molecule and is very useful for the identification of the sites where electrophilic and
nucleophilic attack may occur.
As 3,4-methylenedioxypyrovalerone can cause central nervous system degeneration, we have
investigated its molecular interaction with human DNA. This study was perfomed through molecular
docking, by using the AutodockVina software.
Keywords: MDPV, molecular descriptors, docking, DNA.

Fig. 1
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3,4‐Methylenedioxypyrovalerone (MDPV), Critical Review Report, Agenda item 4.13, Thirty‐sixth Meeting,
Geneva, 16‐20 June 2014.
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OPTIMISATION OF THE PERFORMANCES OF ANN SYSTEMS DESIGNED FOR THE
IDENTIFICATION OF JWH CANNABINOIDS
Steluta GOSAV, Madalina-Manuela COMAN, Mirela PRAISLER
“Dunarea de Jos” University, Department of Chemistry, Physics and Environment, Galati, Romania
In order to obtain an efficient artificial neural network (ANN), attention must be paid in designing
the input matrix [1]. In this paper we are presenting an improved version of an ANN system designed to
identify drugs of abuse. In its initial version, the ANN system assigned the class identity of the compounds
based on a large number of input variables (molecular descriptors) [2].
Two chemometrical methods have been used in order to select the most important input variables.
The selection criteria are the relative sensitivity and the relative importance. The relative sensitivity is a
measure of how much the outputs change when the inputs are changed. The inputs are all set to the lowest
values and then each in turn is increased to the highest value. The change in the outputs is measured as each
input is increased from lowest to highest to establish the sensitivity to change. The absolute importance of an
input variable (input node) is determined by the sum of absolute weights of the connections among this input
node and the nodes of the hidden layer. The input importance is a measure of how each input will influence
the next layer in the network.
In this case, the challenge in enhancing the performances of the ANN system by optimizing the
sample/variable ratio is to find efficient selection criteria, which would allow the reduction of the number of
input variables without loosing relevant information. In other words, these criteria should allow us to
eliminate only the redundant information and to maintain into the system (as much as possible) the
information needed to obtain a good modeling power. The best performing network has been identifyed by a
validation process that has involved all samples included the database.
Keywords: JWH cannabinoids, ANN, optimisation.
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Fig. 1. The hidden and output layers of ANN system.
[1] S. Gosav, M. Praisler, D.O. Dorohoi, ANN expert system screening for illicit amphetamines using
molecular descriptors, Journal of Molecular Structure 834-836, 188-194, 2007.
[2] S. Gosav, M. Coman, M. Praisler, Automated recognition of synthetic cannabinoids based on ANN and
molecular descriptors, 18th International Balkan Workshop on Applied Physics and Materials Science,
Constanta, Romania 10-13 July 2018.
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AUTOMATED RECOGNITION OF SYNTHETIC CANNABINOIDS BASED ON ANN
AND MOLECULAR DESCRIPTORS
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This paper presents the results of an exploratory analysis performed in order to evaluate the
feasibility of building an artificial neural network (ANN) system able to identify the biological activity
(toxicity) of novel JWH synthetic cannabinoids based on their constitutional, topological or 3D-MoRSE
descriptors. The molecular descriptors [1] represent important computational tools for characterising
molecular structures, as a first step towards their classification and the identification of their main biological
activity.
In order to predict the molecular structure, as well as the
biological activity and toxicity of JWH synthetic cannabinoids,
we have built a database consisting of 139 compounds
representing drugs of abuse (mainly JWH cannabinoids,
sympathomimetic amines, narcotics and other potent analgesics),
their main precursors, and derivatized counterparts. Their
optimized molecular structures have been characterized by
computing their constitutional, topological and 3D-MoRSE
descriptors. This database has been used in order to train and
validate an Artificial Neural Network (ANN) application
designed to distinguish the JWH cannabinoids from other
compounds of forensic interest, including other types of synthetic
Fig.1. Molecular structure of the JHW cannabinoids.The eficiency with which the ANN network
parent compound.
identifes the class identity of an unknown sample has been
assessed based on several figures of merit.
Keywords: JWH cannabinoids, molecular descriptors, ANN.
[1] R. Todeschini, V. Consonni, Handbook of molecular descriptors, Wiley-VCH, Weinheim, 2000.
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THE IDENTIFICATION OF FULERENE SPATIAL FORMATIONS TYPE OF GRAPHITE
FILMS DEPOSITED ON METAL SURFACE BY ELECTRICAL DISCHARGE IN
IMPULSE THROUGH THERMAL GRAVIMETRIC ANALYSIS (TGA)
1

MARIN Laurentiu1,
National Institute for Research and Development in Chemistry and Petrochemistry, Bucharest, Splaiul
Independentei Street, 202, sector 6, Romania

The formation of graphite films at micrometric and nanometric scale on the surfaces of alloys-made parts
causes their diffusion in the surface layer accompanied by the formation of high hardness carbides, and, as a
result, the wear resistance of this layer increases [1-5]. TGA tests on graphite films were conducted on a Du
Pont Instruments 951 device. In order to avoid errors – due to the oxidative process that takes place at high
temperature and results in a weight increase – TGA tests on graphite films were carried out in nitrogen
atmosphere. The following parameters were set for the reference sample and for the graphite deposit material
on the surface of the work piece: 20-800 ° C temperature range; 10 °C/min heating rate; medium N2 analysis
at a working pressure of 760 mm Hg. First of all, TGA tests were done on a pure graphite sample, which was
thought to be the reference sample. The curve shape does not reveal any unusual thermal behaviour for
graphite; within the temperature range of 100-280 °C a weight loss of 7.485% (0.4683 mg) occurs as a result
of volatiles and water evaporation; between 280-600 °C no weight loss occurs which shows a high thermal
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stability of graphite; some non-significant decomposition (of about 18% of baseline) occurs within the
temperature range of 650-800 °C, caused by decomposition of tars and heavy hydrocarbons that are found in
most varieties of graphite and, finally, considerable amount of graphite is found in the residue – more than
75%, at the end of determination 800 °C. These aspects are characteristic for graphite behaviour. TGA curve
of deposited graphite sample shows a completely different allure from that characteristic of pure graphite.
The graph shows a number of very interesting aspects suggesting that the graphite film, deposited by
electrical discharge in impulse, has a completely different structure from that of pure graphite or that, besides
graphite, other chemical compounds of carbon are formed [6]. One may notice that within 200-300 0C
temperature range (at 222.99 0C) a significant weight increase (of 1.999 %) occurs, showing that the graphite
sample gains weight, instead of losing it due to decomposition or loss in volatiles – showing a material
adsorption in graphite film structure (as the adsorbed material cannot be anything but nitrogen from the
atmosphere in which the tests are run)
Keywords: fullerene, thermal gravimetric analysis
[1] Luneva V.P.; Verhoturov A.D.; Coziri A.V.; Glabet T.V.; Brui V.N. (2005). Using the Cr-Ni alloys for
the electric discharge deposition forming of. EPI, Nr 4, pp.11-18.
[2] Burumculov F. H.; Lezin P.P.; Senin P.V.; Ivanov V.I. (2003). The electric discharge tehnology aimed at
retreading and hardening of the machining pieces and tools. USM “Ogareva”, Saransk.
[3] Topala P. (2007). The transfer of mass and diffusion processes on surface layers of engoine parts during
electrosparkle processing. The materials of international conference: the technologies of maintaining,
retreading and hardening of engine parts. Saint-Petersburg. V.2, pp. 234-242.
[4] Sidorenco S.I.; Ivaschenco E.V.; Mazanko V.F.; Lobachva G.F.; Mironov D.V.; Khranovskaia E.N.
(2005). Forming of ferrous alloys surface layer by combination of nitriding and electrospark alloying by
chrome and titanium and certain properties of the afore-mentioned layer. 6-th International conference
“Interaction of Radiation with solids” September 28-30, Minsc, Belarus, pp. 430-432.
[5] Beshliu Vitalie. (2008). Structure and Properties of Surface Layers of Pieces Cemented when Interacting
with the Plasma Channel of Electric Discharges in Pulse. The annals of „Dunărea de Jos” University of
Galaţi, Fascicle V, Technologies in machine building Vol.1, pp. 24-30PublishingHouse, (2008) 1356-1364
[6] W. Weselowski, A. Kartuj, F. Laam, J. Therm. Anal. Calorim., 81 (2008) 1237
Kroto, H. W.; Heath, J. R.; O'Brien, S. C.; Curl, R. F.; Smalley, R. E. (1985). "C 60: Buckminsterfullerene".
Nature 318 (6042): 162–163. Bibcode:1985Natur.318..162K. doi:10.1038/318162a0
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APPLICATIONS OF ELEMENTAL PROFILING IN CONJUNCTION WITH
CHEMOMETRY IN WINE DISCRIMINATION
Dana Alina MAGDAS1, Ioana FEHER1, Cezara VOICA1, Adriana DEHELEAN1, Gabriela CRISTEA1, C.
SARBU2
1

National Institute for Research and Development of Isotopic and Molecular Technologies, 67-103 Donat
Street, 400293 Cluj-Napoca, Romania
2
Babes-Bolyai University, Faculty of Chemistry and Chemical Engineering, 11 Arany János, 400028, ClujNapoca, Romania
During the last years, beside the aknowleged techniques that allow wine discrimination, the
geographycal origin differentiation of wines based on elemental profile, was also proposed. According to
previous recent studies, elemental profiling represents one of the most suitable way for connecting the wine
with the region, due to the fact that the elemental content from the soil are directly reflected into the wine
composition. Alongside, there are some other external factors that might influence the elemental content of
wine and should be taken into consideration while establishing geographical markers. Possible sources are
represented by agricultural practices (for instance Cu from copper suphate, which is widely used as
fungicide, or other pesticides metal based), also by climatic condition during the grape growing stage
(precipitation in large quantities might wash out some impurities from surrounding areas). Another influence
of metal content might arise from vinification process, more precisely from tanks or other substances that are
added for different purposes.
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The main purpose of this study was to emphasize the advantages brought by using elemental profile
of wines in conjunction with chemometric methods in Romanian wines discrimination. In this regard, white
wines coming from well-know viticulture regions from Romania (Transylvania, Oltenia, Moldova) were
considered for this study. The best markers combinations for discrimination of wine samples according to:
geographical origin, vintage or specific variety, were proposed using different chemometric methods, such as
principal components analysis (PCA) and linear discriminant analysis (LDA).
Keywords: wine discrimination, elemental profile, chemometry.
Funding. The authors are grateful to the support of Romanian National Authority for Scientific Research
and Innovation, CNCS/CCCDI – UEFISCDI, project number 187 PED-2017, within PNCDI III
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STRUCTRAL AND CHEMICAL EFFECTS OF BACTERIAL GROWTH LIGHT
REGIMES ON BIOGENIC NANOPARTICLES PRODUCTION
Maria BALASOIU1,2, Sergei STOLYAR3,4, Yuri KOVALEV1,5, Ana PANTELICA2, Dan PANTELICA2,
Dorina ARANGHEL2,7, Chivuta-Ramona BADITA2,
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As a result of variation of the growth conditions for the microorganisms, i.e. growth period, light
exposition, potassium citrate – ferric citrate rate, etc., bacterium Klebsiella oxytoca creates, as was
established in previous works [1– 6, 8], different types of ferrihydrite nanoparticles. For example, in previous
works it was established that particles type F12 and F34 are obtained from the bacterial biomass grown
during 8 and 21 days, respectively. These particles were accurately studied by means of Mössbauer
spectroscopy [1-2] and static magnetic measurements analysis [3], small-angle X-ray scattering [4-6],
scanning electron microscopy [5], spectroscopic [7] and ion beam analysis methods [8], X-ray diffraction
[8].
In the present paper structral and chemical effects of bacterial growth light regimes on biogenic
nanoparticles production are reported.
Support by RO-JINR Cooperation Programme Projects for 2017-2018 years and Grants of Romanian
Governmental Representative to JINR is acknowledged.
Keywords: bacterial ferrihydrite nanoparticles, SAXS, SEM, TEM, PIXE
[1] S.V. Stolyar, et al., Inorganic Materials 42 (2006) 763–768
[2] S.V. Stolyar, et al., Inorganic Materials 43 (2007) 638–641
[3] Yu.L. Raikher, et al., Physics of Solid State 52(2) (2010) 277-284
[4] M. Balasoiu, et al., Optoelectronics and Advanced Materials –RC 4(12) (2010) 2136-2139
[5] M. Balasoiu, et al., Romanian Journal of Physics 55(7-8) (2010) 782-789
[6] M. Balasoiu, et al., „Biogenic nanoparticles produced by bacteria Klebsiella Oxytoca”, in Modern Trends
of Nanoscience (Publishing House of Romanian Academy) ISBN 978-973-27-2230-5 (2013) 179-196
[7] C.G. Chilom, et al., Romanian Journal of Physics 62(3-4) (2017) 701(12)
[8] S. Kichanov, et al., Romanian Reports in Physics 70 (2018) (in press)
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STRUCTURAL AND MAGNETIC PROPERTIES OF CO AND CU-DOPED
FERRIHYDRITE NANOPARTICLES
M. Balasoiu1,2*, S. Stolyar3,4, R. Yaroslavtsev3,4, A. Artemieva3, D. Soloviov1,5, O. Orelovich1, V.
Turchenko1,6
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The present work reports the results of structual investigation of cobalt-and copper-doped
ferrihydrite nanoparticles. Co- and Cu-doped synthetic ferrihydrite particles were prepared at room
temperature by slowly adding NaOH alkali solution to iron nitrate Fe(NO3)3 and cobalt or copper salt
solution at continuous intermixing to attain the neutral pH value [1].
The samples were investigated by means of small-angle neutron scattering (SANS), X-ray diffraction
(XRD) and scanning electron microscopy (SEM) at the facilities in function at the Joint Institute of Nuclear
Research Dubna. The results are analyzed and discussed in comparison with the magnetic properties reported
earlier [1, 2].
Acknowledgements: The research was partially supported by 2017-2018 RO-JINR projects (Theme 04-41121/ 2015-2020).
Keywords: ferrihydrite nanoparticles, Cu and Co-doped, structure, magnetization.
[1] Stolyar, S.V., Yaroslavtsev, R.N., Iskhakov, R.S., Bayukov, O.A., Balaev, D.A., Dubrovskii, A.A.,
Krasikov, A.A., Ladygina, V.P., Vorotynov, A.M., Volochaev, M.N.: Phys. Solid State 59, 555–563 (2017)
[2] S V Stolyar, R N Yaroslavtsev, O A Bayukov, D A Balaev, A A Krasikov, R S Iskhakov, A M
Vorotynov, V P Ladygina, K V Purtov, M N Volochaev, Journal of Physics: Conf. Series 994 012003(7)
(2018)
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PILOT STUDY: ASSESSMENT OF THE CHARACTERIZATION OF THE TEMPORARY TEETH
COMPARED WITH PERMANENT TEETH BY MEANS OF THERMAL ANALYSIS
VASILE Monica1; MOLDOVEANU Lucia-Elena1; GEZGINSenol2; MEYERMarkus 2;
VLACHOS Spyridon1; CIUPINAVictor1
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Thermal analysis (TA) is a strong analysis tool used by material engineers in characterization of
different materials, including plastic, ceramics and metals. This method is able to identify by thermal
decomposition the quantitative and qualitative structure of building materials and has been even used
successfully to characterize the bone structure in different pathologies of bones structure, in order to predict
the evolution of bone diseases like osteoporosis[1], necrosis of the femoral head [2] or demineralization on
the teeth[3]. Taking into account the results obtained from the study of the bones, the present paper is taking
into account a pilot study which proposes a characterization by the same means, of thermal analysis, of the
permanent teeth compared with the temporary teeth, aiming to find the differences and similitudes between
their structure and to relate furthermore this structure with the further development of the adult teeth and
skeletal muscles. The present study is proposing a comparative analysis and characterization of the
temporary teeth and permanent teeth in order to observe the possibility to discover the incipient
demineralization on the teeth and to block in the same time the evolution to the decay. This study may open
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the possibility to transform benefits of thermal analysis to detect the incipient step of the demineralization
right from the beginning by the structure the temporary teeth.
[1] Measurement method based on thermal analysis for the characterization of frozen and banked human
bones, Francesco Lamonaca, Monica Vasile, Luigi MaxmilianCaligiuri, Alfonso Nastro, World Journal of
Engineering 11(6) (2014) 621-626, ISSN: 1708-5284
[2] Objective Measurement Method to Detect Hip bone affected by Osteoarthritis, Francesco Lamonaca,
Monica Vasile, Alfonso Nastro, The Third Ceramic Society Conference “ Advanced Ceramics and
Application”, September 29 October 1, 2014, Serbian Academy of Sciences and Arts, KnezMihailova 35,
Belgrade, Serbia
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HYDRO-PHYSICAL CHARACTERISTICS OF CALCARO-CALCIC CHERNOZEMS IN
THE MALINA RIVER BASIN, GALATI COUNTY, ROMANIA
Sorina-Simona MORARU1,*, Antoaneta ENE 1, Alina SIMIONICĂ2
”Dunărea de Jos” University of Galati, Galati, Romania
The County Office for Pedological and Agrochemical Studies of Galati, Galati, Romania
1

2

The importance of knowing the hydro-physical properties of agricultural soils stems from the need to
identify the problem of water retention in the soil, with an impact on vegetation and its productivity.
The purpose of this study was to evaluate the main hydro-physical parameters of calcaro-calcic
chernozem soils, in order to determine the water storage capacity, which plays an important role in the
development and maintenance of physico-chemical and biological processes at the pedosphere level.
The research was carried out in the south of Smardan commune, Galati County, Romania. After the
analysis of four soil profiles, there were identified limestone chernozems, developed on loose parental
materials. Thus, depending on the clay content (%, <0.002 mm), the humus content (%) and the bulk density
(g/cm3), the main hydro-physical characteristics of the soil were calculated as follows: Total Porosity (TP %
v/v), Aeration Porosity (AP % v/v), Compaction Rate (CR % v/v), Wilting Coefficient (WC % w/w), Field
Water Capacity (FWC % w/w), Useful Water Capacity (UWC % w/w), Total Capacity (TC % w/w), Easily
Accessible Water Capacity (EAWC m3⸱ha-1) and Draining Capacity (DC % mm).
The results of the research revealed a variation of these parameters on the profile, depending on the
granulometric composition of the soil, the humus content and the bulk density. In the first 50 cm of soil, in
the case of clay-sandy textures, with moderate humus content and very low bulk density, the soil has a good
water retention capacity, while on soft textures, with a moderate humus content and a very low bulk density,
the sensitivity to drought is increasing. At the same time, in the case of coarse (sandy) textures, a very low
humus content and low and very low bulk densities, susceptibility to droughts increases significantly.
Taking into consideration the climatic micro-zone in which the investigated soils (hot-dry, with a
moderately weak hydroclimatic balance) were formed and their hydro-physical characteristics, it is
recommended to plan the territory for the studied region with irrigation systems combined with drainage, so
as to balance the water regime in the soil and avoid losses that may result from infiltration or leakage to the
surface.
Keywords: soil texture, hydro-physical characteristics, drought, Galati County
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INVESTIGATION OF THE STRUCTURE AND TEXTURE OF MOLLUSK SHELLS BY
PHYSICAL METHODS FOR UNDERSTANDING THE BIOMINERALIZATION
PROCESS
Iuliana MOTRESCU1,2, Anca-Elena CALISTRU2, Gerard JITAREANU2,3, Maria BALASOIU4,
Liviu Dan MIRON5
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The modifications of the mollusk species after animal death are important both form the
paleontological and environmental point of view[1]. Climate change is impacting marine life, increasing
temperature and acidity of water[2]. The chemical composition of the adjacent fluids directly influences the
biomineralization process. Studying the microstructure and composition of marine shells would offer
information about the environment through the biomineralization process. The results might be even applied
to the fabrication of composite materials.
In this work we study different mollusk shells from the Black Sea. The microstructure of the samples
is analyzed by two methods: the surface is imaged using scanning electron microscopy (Quanta 450, FEI)
while the volume imaging is performed using micro-computer tomography (MicroCT SkyScan 1172,
Bruker). The surface imaging is coupled with the investigation of elemental chemical composition performed
with the disperse energy X-ray spectroscopy (EDAX).
The results show the layer structure of the shells, while the micro-mapping of the elemental
compounds including oxides allowed us to make a cohesive biomineralization study, analyzing parameters
such as calcification rate, shell thickness, density, etc.
Keywords: biomineralization, fosil, scanning electron microscopy, micro computer tomography.
[1]Popov S.V. 1992– Proceeding of the Paleontological Institute of the RAS, vol. 245, p. 46.
[2]Rodolfo-Metalpa R., Houlbreque F.,Tambutte E., Boisson F., Baggini, C., Patti F.P., Jeffree R., Fine M.,
Foggo A., Gattuso J-P., Hall-Spencer J.M. Nature Climate Change 1 (2011) 308 – 312.
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ASSESSMENT OF SURFACE WATER QUALITY OF DANUBE RIVER IN TERMS OF
WATER QUALITY INDEX
RomanaDRASOVEAN1,Gabriel Murariu1,Gigi CONSTANTINESCU2
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In order to determine the water quality of Danube River, in the Galati area, the Water Quality Index
was calculated.Water Quality Index is an useful number of overall quality of water.Galati is a Danube port
city locatedin south-eastern of Romania.Samples were taken from 9 placesalong the Danubestarting with the
place where the Siret flows into the Danubeto the Profiland Steel Plant. Profiland Steelis a company in Galati
whose main activities are:sheet and zinc strips;treatment and coating of metals.The monitoring period was
one year, from November 2016 to December 2017.Every month, twenty five physico-chemical parameters
were investigated. In this study the assessment of surface water quality was determined on the basis of
various indicators such as: potassium and calcium ions,nitrites, nitrates, total nitrogen,ammonium,chlorides,
total phosphorus,sulphates,cadmium, chrome, copper,lead,iron, zinc,density, dissolved oxygen, chemical
oxygen demand(CCO-Cr), biochemical oxygen demand (CBO5), electrical conductivity,the density of the
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conductivity,resistivity,pH, salinity, total dissolved solids.The water quality index(WQI)has been calculated
by using Weighted Arithmetic Water Quality Index Method.
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DETERMINATION OF WASTEWATER QUALITY INDEX OF MUNICIPAL
WASTEWATER PLANT OF GALATI
RomanaDRASOVEAN1,Gabriel Murariu1,CarmenNISTOR PURGHEL2, Nicolae TIGAU1
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University, Galati, Romania,
2
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Environment,”Dunarea de Jos” University of Galati, Galati, Romania,

In this paper some physical-chemical parameters of wastewater were measured at the entrance and
also at the exit of the wastewater treatment plant belonging to Galati. Galati is an important city of Romania,
located in south-eastern of this country. The indicators used toanalyze the quality of wastewater
were:ammonium, total nitrogen, sulphides and hydrogen sulphide, total phosphorus, total dispersed solids
(TDS),chemical oxygen demand (CCO-Cr) and pH.The monitoring was carried out between August 2016
and May 2018. The purpose of the monitoring was to see the efficiencyof the treatment technologies.The
level of pollution in the wastewater was evaluated in terms of Wastewater Quality Index (WWQI).
Wastewater Quality Index (WWQI) is a number ranging within 1 to 100 whichindicates theoverall
characteristic of wastewater.
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SEISMICITY CLUSTERING PROPERTIES IN SPACE AND TIME IN FRONT OF THE
SOUTH-EASTERN CARPATHIANS BEND ZONE
Anica Otilia PLACINTA1, Mircea RADULIAN1,2, Felix BORLEANU1, Emilia POPESCU1
National Institute for Earth Physics, Măgurele
Academy of Romanian Scientists, 54 Splaiul Independentei, Bucharest
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The South-Eastern Carpathians Arc bend in Romania is the most seismically active segment of the
entire Carpathians orogen. The seismicity here is dominated by the Vrancea intermediate-depth source,
located in a narrow focal volume embedded in the mantle (about 60 to 180 km depth). The seismicity in the
overlying crust is significantly less intensive and more dispersed in space as compared with the seismic
activity in the mantle. It overlaps but at the same spreads beyond the epicentral area of the subcrustal events,
mostly eastward of the Carpathians Arc bend. The goal of the present work is to investigate the clustering
and source scaling properties of the recent seismicity (after 2010) developed in the crust in front of the
South-Eastern Carpathians Arc bend. A few representative earthquake sequences were recorded during the
study time interval. The most important earthquake sequence occurred close to Mărăşeşti city, with the main
shock of magnitude Mw = 5.4 triggered on 22 November 2014 at 19:14 in the bottom crust (h = 41 km).
According to Romplus catalog (Oncescu et al., 1999, updated), it is the largest earthquake ever recorded in
the area both in the historical and instrumental times. Following the main shock, the seismic activity
developed over an extended area in front of the South-Eastern Carpathians Arc bend. The area of disturbed
activity exceeds by far the area expected to scale the main shock size. Unusual migrations were induced both
toward SW (reaching 30 km distance from the epicenter) and NE. Both area and time duration (about six
months) of the perturbed seismicity following the shock of Mărăşeşti earthquake exceeds by far the scales
usually observed for earthquake sequences of moderate magnitude. We apply cross-correlation analysis
together with empirical Green’s function (EGF) deconvolution and spectral ratios techniques to investigate
seismicity clustering properties and to optimize the source parameters determination. At the same time, we
applied inversion techniques to retrieve the moment tensor solution for the largest shocks. For EGF and
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spectral ratios applications, we associated to the main event many co-located events, appropriately selected.
The source parameters are estimated as mean values for all the available earthquake pairs. Source clustering
and scaling properties and focal mechanism are investigated and discussed in terms of the regional
seismotectonics and comparatively with the source scaling relationships for the Vrancea intermediate-depth
earthquakes.
Key words: South-Eastern Carpathians, seismicity clustering, source parameters, empirical Green’s function
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ATOMICALLY THIN MATERIALS PHYSICS AND DEVICES: FROM FLAKES PEELED
WITH A SCOTCH TAPE UP TO 4 INCH WAFERS
Mircea DRAGOMAN
National Research and Development Institute in Microtechnology, Bucharest 077190, Romania
The paper will present the state-of-the art of 2D materials, their main physical phenomena which are
used in nanoelectronic devices and the continuous development of nanotechnologies associated with them
[1], [2].The discovery of the graphene has triggered the hope that graphene electronics will surpass rapidly Si
based electronics. However, soon it was discovered that graphene has not a bandgap, thus a CMOS FET
based on graphene cannot be implemented since graphene FETs cannot be switched on and off. Moreover,
the electronic devices based on graphene flakes lack the reproducibility which is encountered in billions of
transistors on a single Si chip. Therefore, the CVD grown graphene was later transferred on Si/SiO 2
substrates at the wafer scale up to 6 inches. The major physical property used in graphenenanoelectronic
devices is the ballistic transport since the mean free-path at least 400 nm at room temperature, while for Si is
3 nm. It is the highest mean-free-path at room temperature encountered in materials. In Fig. 1 we present the
evolution of FET transistors fabricated by us during the last 10 years.
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Fig. 1 (a) graphene FET on flakes (Appl. Phys. Lett. 96, 103105 (2010)) (b) ballistic one-gate FET
(Nanotechnology25 415201 (2014)) on wafer, (c) ballistic double-gate FET on wafer (J. Appl. Phys. 119,
244305 (2016)) (d) graphene FET with high mobility and high on-off ratio on wafer (Physica E 97,2018).
The talk will present other devices based on atomically thin materials such as diodes, memories, antennas,
microwave and optoelectronic detectors based on graphene, MoS 2.and HfO2 ferroelectrics. Experiments of
the first quantum gates based on ballistic transport in graphene working at room temperature will be
presented as ultimate circuits for a booming area of applied physics.
Keywords: graphene, 2D materials, nanotechnologies, nanoelectronics
Acknowledgements The authors would like to thank to the financial support Nucleus projects 2016-2018,
Idei 2012-2016, and UE FP7 project NANORF
[1] M.Dragoman and D.Dragoman, 2D Nanoelectronics, Physics and Devices of Atomically Thin Materials,
Springer, 2017.
[2] M. Dragoman, D. Dragoman and I. Tiginyanu, Atomically thin semiconducting layers and
nanomembranes: a review, Semicond. Sci. Technol. 32 033001 (2017).
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METHODS FOR THE ENHANCED SAMPLING OF (i) LONG-TIME KINETCS AND (ii)
LARGE-SCALE DYNAMICS OF BIOMOLECULES
Ioan ANDRICIOAEI
Department of Chemistry and Department of Physics, University of California, Irvine, USA
I will present methods that allow for the enhanced calculation of long-time kinetics of complex
classical systems based on the Wiener stochastic path integral formalism. Assigning weights to Langevin
trajectories of artificially biased dynamics allows for the calculation of time correlation functions for the
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unbiased system of interest via re-weighting. In the context of fluctuation theorems, a similar strategy allows
for the analytical derivation of new, exact formulas for the entropy-enthalpy components of the free energy
directly from non-equilibrium dynamics.
Secondly, I will present a methodology that uses molecular-dynamics derived parameters to scale up
the dynamics of DNA molecules on the micrometer-microsecond scale via Kirchhoff elasticity theory for
elastic rods.
Lastly, I will discuss dynamical arrest transitions in proteins with the language of jamming theory,
and present universality curves for protein folding, granular jamming, and the glass transition in glass
forming liquids.
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For the assessment of element pollution levels and identification of their sources, which are
aprerequisite for study ing effects of contaminants on the environment and human health, a multivariate data
base containing as many pollutant elements should be generated. Therefore, multielement methods are
usually used for such studies. The analysis of environmental samples for their elemental content is governed
by the sample type, the element of interest, the sensitivity, precision and accuracy needed and the availability
of the technique. The choice of multielementmethods available includes inductively coupled plasma mass
spectrometry (ICP-MS), and particle-induced X-ray emission (PIXE). These high sensitivity analysis
methods were used to determine the elemental composition of some samples of mosses and lichens, used as
bioindicators, placed in different vision areas from Dambovitacounty with different pollution industrial
sources. We have studied the distribution of heavy metals such as Cd,Cr, Cu, Co, K, Fe, Mn, Ni, Pb, and Zn
in these environmental samples and the maps of distribution.
Acknowledgements:The financial support was partially insured by AOSR project,nr.3, 2018.
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HETEROEPITAXIAL CVD DIAMOND ON MONOCRYSTALLINE IRIDIUM BUFFER
LAYER: HRTEM ANALYSIS OF INTERFACES
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Due to its excellent properties, diamond is one of the best candidates for electronic applications [1].
Nevertheless, up to now, only monocrystalline material exhibits sufficient properties even if defects such as
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dislocations still hamper its development. Synthesis of single crystalline diamond layer is limited in size
because there is no available substrate with dimensions higher then typically 3x3 mm 2 at reasonable cost.
Heteroepitaxial diamond grown on iridium substrates by CVD technique is a promising material for the next
generation of electronic and radiation detection devices [2, 3]. The up-scaling possibilities of the growth
process are particularly interesting for producing larger diamond surfaces, compatible with microelectronic
technologies. However, the performances of devices are limited by the residual mosaicity and the presence of
high density of dislocations in the range of 10 7-109 cm-2 and one key point for improving this technology is
to have a better understanding and control of the first growth steps [4-6].
In this work, High Resolution Transmission Electron Microscopy (HRTEM) analysis of the interface
between heteroepitaxial diamond on monocrystalline iridium buffer layer will be presented. The sample
underwent a Bias Enhanced Nucleation step followed by a short CVD growth step. Dual beam Focus Ion
Beam (FIB) has been used for preparation of HRTEM lamella. The studied interface results from Bias
Enhanced Nucleation and CVD growth steps.: between monocrystalline iridium films and Bias-enhanced
nucleation of diamond and between BEN diamond and CVD diamond layer. These lamella have been
observed using a TEM JEM-ARM200F, with an atomic resolution and defects such as stacking faults, micro
twins and dislocations have been observed. Ultra high resolution images allowed identifying highly oriented
diamond grains related to BEN step and diamond grown during CVD step.
References
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S5 L5

ENGINEERING CVD DIAMOND SINGLE CRYSTALS SYNTHESIZED BY
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The negatively charged nitrogen-vacancy center (NV) in diamond is a point-like defect that has
focused a lot of attention in the past few years due to a number of emerging quantum mechanical
applications in cryptography, information processing and magnetic sensing. It has bright single photon
emission and the electronic spin state of the defect can be optically read-out and manipulated leading to
exceptionally long coherence time even at room temperature.
Harnessing the outstanding properties of NVs mainly relies on the progresses obtained in the synthesis
of high quality and purity diamond material using the microwave plasma assisted chemical vapor deposition
technique (MPACVD). Individual or ensembles of NV centers can be produced by nitrogen implantation of
high-purity isotopically 12C enriched CVD diamond plates. On the other hand, the direct creation of NVs
during growth allows creating defects with improved properties in terms of coherence time and orientation as
compared to implantation. The requirements though are very challenging and are setting an increasing
pressure to the diamond synthesis capabilities by MPACVD. They include the control of NV creation yield
and density over a wide range of concentration, from a few ppb to a few ppm and the control of defects
spatial localization both in-depth (creation of delta-doped layers for example) and inplane (creation of
arrays). Moreover the ability to promote one orientation among the 4 possible axes of the NV dipole by
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growing on specific orientations such as (111) and (113) represents a strong advantage for the foreseen
applications.
In this talk the growth of nitrogen-doped CVD diamond single crystals by MPACVD will be
described. Special emphasis will be given to the control of the orientation and localization of NV centers and
the optimization of their density and properties.

Keywords: single crystal diamond growth, quantum technologies, NVs centers, nitrogen doping.
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GRAPHENE BASED DEVICES FABRICATED USING ELECTRON BEAM
LITHOGRAPHY
Adrian DINESCU, Mircea DRAGOMAN, Andrei AVRAM, Florin COMANESCU
IMT Bucharest, Romania
Graphene based devices represent a possible solution for the nanoelectronics of the future. The functionality
of graphene nanodevices strongly depends on the shape of the graphene itself.Unpatterned graphene has no
bandgap, being not suitable for the fabrication of many devices as for example the digital field effect
transistors, because the “off state” could not be achieved(1). The very high resolution and great flexibility of
electron beam lithography recommend this patterning technique as a very useful tool for shaping graphene
and for fabrication of graphene based devices that feature very often details in the sub 100nm range. This
presentation will be focused on nanoscale patterning of graphene for the fabrication of various devices:
graphene diodes for high frequency applications (2), ballistic transistors producing negative differential
resistance with large peak to valley ratio (3), graphene field-effect-transistors with nanoperforated graphene
channels (4) and back gated field effect transistors used as test devices to study the effect of for electron
beam irradiation of graphene. For all these devices the graphene was patterned by electron beam lithography
and etched by RIE in oxygen plasma, using as protective layer two electron resists: a positive one - PMMA
and a negative one - HSQ. The advantages and drawbacks presented by these resists are analyzed in
relationship with the effect of electron beam irradiation of graphene, revealing important consequences for
the fabrication and characterization of graphenebased devices and in particular for those steps in which ebeam lithography or scanning electron microscopy are involved (5).
[1]A.K. Geim, K.S. Novoselov, “The rise of graphene”, Nat. Mater., 6 (2007), p. 183
[2]M. Dragoman, M. Aldrigo, A. Dinescu, D. Dragoman and A. Costanzo, “Towards a terahertz direct
receiver based on graphene up to 10 THz”, Journal of Applied Physics 115 (4),2014
[3] M. Dragoman, A. Dinescu, D. Dragoman, “Negative differential resistance in graphenebased ballistic
field-effect transistor with oblique top gate”, Nanotechnology Volume: 25 Issue: 41 Published: 2014
[4] M. Dragoman, A. Dinescu, D. Dragoman, “Solving the graphene electronics conundrum: High mobility
and high on-off ratio in graphene nanopatterned transistors”, Physica E: Low-Dimensional Systems and
Nanostructures, Volume 97, March 2018, Pages 296-301
[5]A. Dinescu, M. Purica, R. Gavrila, A. Avram and R. Muller, “Influence of Low Energy Electron Beam
Irradiation of Graphene Ribbon Based Back Gated Field Effect Transistors”, MRS 2012 spring meeting,
April 9-13, San Francisco, California
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The paper presents studies on the level of radioactivity in the environment of the European
Spallation Source ESS-ERIC area, Sweden. These studies are necessary for the holding of data as
background, which will be compared when the activity is carried out on a particle accelerator, which the
institute will equip itself with.
The data are also needed to assess the impact of the work carried out on this equipment on the
environment and workers. Water and soil samples were taken from representative points to cover the studied
area. They were conditioned and measured alpha, beta and gamma globally. For water, 1 L of the sample
was evaporated to dryness and the residue was deposited on a tray and measured. A quantity of soil was
dried to the constant mass and 0.5 g of the sample was analyzed gross alpha and gross beta, and 5 g of the
sample was analyzed for the gross gamma.
Also, three water samples were prepared for tritium measurement. For the water samples are the
following results: i) the overall alpha activity was in the range of 0.010 ± 0.008 Bq / L and 0.030 ± 0.010 Bq
/ L; ii) the overall beta activity was in the range of 0.040 ± 0.020 Bq / L and 0.310 ± 0.030 Bq / L; iii) Global
gamma activity was below the limit of detection of the method and the measurement installation. Soil
samples had: i) global alpha activity in the range of 32 ± 10 Bq / kg and 108 ± 16 Bq / kg; ii) overall beta
activity in the range of 482 ± 38 Bq / kg and 920 ± 50 Bq / kg; iii) Global gamma activity was below the
limit of detection of the method and the measurement installation.
For tritium, volumetric activity ranged from 7.80 to 11.52 T.U. (1 TU = 0.118 Bq / dm3). In the case
of one of the samples from a depth drilling, the measured value was less than 7 TU. (Detectable Minimum
Activity under the conditions of the measurement protocol used). The laboratory does not have an
electrolytic enrichment facility for samples with low levels of tritium radioactivity. The values of
radioactivity concentration for all analyzed samples are comparable to those in Romania. The activity
presented in this paper was conducted within Laboratory for Dozimetry for Personnel and the Environment
(LDPM) of the Horia Hulubei National Institute for C & D in Physics and Nuclear Engineering, IFIN-HH,
Romania. The activity carried out within the laboratory is recognized by the Nuclear Regulatory
Commission, CNCAN, by the regulatory body in the nuclear field. The conditioning and measurement of the
samples were made in accordance with the working procedures in force using the equipment with a
calibration certificate, provided by the laboratory.
Keywords: radioactivity, environment, samples, tritium
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A DECADAL DETERMINATION OF TRITIUM LEVELS IN ENVIRONMENTAL
SAMPLES AROUND NIPNE ROMANIA (2007 – 2017)
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The Horia Hulubei National Research and Development Institute for Physics and Nuclear
Engineering is located in the town of Magurele and approx. 10 km from the center of Bucharest. The impact
of this beta-emitting isotope on the environment has been studied at the institute since the early 1970s, with
the interest in it also coming from the two-fold increase in tritium at planetary level, along with nuclear tests.
With the entry into the 21st Century, and alignment with the rules in force, there is an even greater need to
properly manage the impact of their own emissions on the environment, to judiciously assign the
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contribution of this isotope to the collective dose employed for the whole institute, and last but not least, to
use the slightly increased above the normal level of radioactivity in tritium released in the environment, to
improve current methods. The study refers to a decade, namely 2007-2017. Although the IFIN-HH
environmental monitoring program exclusively involves the determination of tritium present as tritiated
water in liquid effluents in the Ciorogarla Institute's spillway channel, however, the database presented will
include over 400 determinations of this isotope in air, wastewater, groundwater, soil, vegetation, vegetables
and fruits, fish, both at IFIN-HH (Group I and Group II), as well as in the Magurele settlement and certain
areas in Bucharest. Tritium determination was performed with or without pretreatment in the radiochemistry
lab, the measurement being performed over time using the liquid scintillation method (LSC method) on TriCarb 1600TR, Tri-Carb 2910TR and Quantulus 1220 analyzers. Tritium was highlighted as tritiated water,
free water from tissues, total tritium and tritium organically bonded, the latter being a result of processing on
the semi-automatic Oxidizer M307 combustion equipment. The values obtained follow the normal route of
the seasonal and annual fluctuations expected for this radionuclide, which is both anthropogenic and
cosmogenic but also momentary, recording the environmental impact of gaseous and liquid discharges of
IFIN-HH in real time of producing events. Mildly elevated values correlated with Group I local emissions
were found outside the institute in general in the dominant direction of the winds, 2 to 5 km away from the
source, but also in other investigated points, the variations being determined by the meteo-climatic
conditions and contextual situations. The annual averages statistics follow the overall regional / local trend of
the last 10 years, and the values are approx. 3 to 4 orders of magnitude below the maximum limits of
exclusion levels. Regarding of the value provided in the drinking water legislation (100 Bq/dmc), the
volumic activities of tritium are approx. 20 to 50 times smaller.
Keywords: environmental monitoring, tritium, LSC method
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Radu MANU2 ,Victor CIUPINĂ1,3, Gabriel PRODAN1, Lucian PETRĂŞESCU2, NicoletaVINETICU2
1

Departament of Physics, Ovidius University of Constanta , Mamaia 124, Constanţa, 900527, România
2
Faculty of Physics, University of Bucharest, Atomiştilor 405, Măgurele, Ilfov
3
Academy of Românian Scientists, Independenţei 54, Bucharest, România

The advantage of using electron diffraction is the small area taken into study, up to a few square
nanometers, but sample can be complex and can affects the results. For amorphous samples, we cannot
separate useful data because of the additional quantity given by scattering on amorphous carbon or formvar
film substrate. Crystalline structure analysis can be done in two steps: first, crystallographic information and
cell parameters determination and second, refinement of the unit cell, including atom position.
Nanostructured materials are accurately investigated using TEM (Transmission Electron
Microscopy), but compromise must be made when information are acquired using electron diffraction
technique. Due to instrument geometries, the errors in electron diffraction data are larger compared to X-Ray
diffraction, making the analysis difficult.
To improve the quality of electron diffraction analysis we use precession technique: First of all, the
electron beam is deflected and rotated using the condenser lens. Frequency of rotation is a controllable
parameter using electronic equipment. After the beam interaction with the material studied, it is recollimated
by means of DeScan lens.
We applied Cohen method with a model implemented by Nielson-Riley adapted for electron
diffraction by simple trigonometric approximation valid in electron diffraction case (sinƟ = O, cosƟ = 1).
We compared the electron diffraction results in the case of precession method with the conventional
electron diffraction method for different thin films, based on soft program, wich coordinate the
precession system with an original hardware system.
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Radon, the colorless, odorless, naturally occurring gas that can enter buildings through cracks and
unsealed openings in basements and foundations from the soil represented a source of potential riskfor the
human health.Radon does not pose an immediate danger to health and is only a concern if there is prolonged
exposure to high concentrations over many years.
One of the places where there may be an important exposure is school. If the concentration of this
gas exceeds reference values, imposed by means of normative documents, it is included in the list of
potential dangers for human health. This is why international attention is paid to the monitoring of this gas in
closed, private or public spaces, in compliance with measurement protocols that tend towards harmonization
at European Union level, while respecting the specificities of each territory.
The Basic Safety Standars of the European Union (EU-BSS 2013/59/EURATOM)were created in
order to development and implementation of measures to reduce the risk of radon exposure. In Romania,
these triggerthe need to develop a protocol for radon measurement in public buildings, including the schools.
During the presentation, the status and results of first radon measurements in schools that underlie
the achieve a radon measurement protocol development in Romanian schools and the setting of the most
adequatemeasures to reduce the risk of radon exposure will be presented.
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Short-term earthquake forecasting (timescale of hours, days and weeks) is of essential importance to
mitigate strong seismic events disasters. During last decade, due to fast progress of satellite sensors
technology development, all weather, high-resolution and high-dynamic range, a huge time-series data base
is available for earthquake precursors anomalies monitoring in active geotectonic areas. The main problem
for seismic anomalies recognition is to extract useful information associated with tectonic activities and to
eliminate the effects of non-tectonic factors. Pre-earthquake spatio-temporal developed geodetical,
geophysical, and geochemical anomalies are controlled by various factors like as earthquake moment
magnitude and its focal depth, geological setting, topography, land covers as well as climate and atmospheric
conditions. In this paper, changes before and after the Vrancea earthquakes in the crustal dynamics as well as
in the land and atmospheric parameters (surface latent heat flux -SLHF, and air surface temperature- AT
anomalies,have been investigated on the basis of time-series geospatial (NOAA AVHRR and MODIS
Terra/Aqua) and field data analysis for 2012-2016 period. Ground surface deformations have been detected
through analysis of Synthetic Aperture Radar Interferometry (InSAR) radar satellite Sentinel 1 and high
quality in-situ GPS monitoring data. The detected changes show strong evidence of coupling between
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lithosphere-land surface-atmosphere-ionosphere associated with the Vrancea’s earthquakes For some
analyzed earthquakes, starting with ten days up to one week prior to a moderate or earthquakes a transient
thermal infrared rise appeared in SLHF (tens of W/m 2) and AT (2-10Co) values higher than the normal,
function of the magnitude and focal depth, which disappeared after the main shock. Ground vertical surface
displacements presented on interferometric deformation map are in the range of 4 cm for uplifts and
sbsidence. The joint analysis of geospatial, geophysical, and geological information is revealing new insights
for Vrancea zone seismicity understanding in Romania.
Keywords: Earthquake presignals; geospatial and in-situ data; lithosphere–surfacesphere-atmosphereionosphere coupling model, Vrancea, Romania.
Acknowledgements: This work was supported by Romanian Ministry of Research and Innovation project
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Evaluating the technologies for storing the graphite radioactive waste resulting from decommissioning
of the IFIN-HH VVR-S Russian type nuclear research reactor represents a matter of relatively elevated
interest at international level because these wastes constitute an important category of radioactive wastes
containing long life radioisotopes, for which the are no well-established final disposal treatment and
conditioning technologies and therefore they cannot be disposed a the National Disposal of Radioactive
Wastes from Baita-Bihor belonging to IFIN-HH due to limitations imposed by National Commission for
Control of Nuclear Activities (CNCAN). In the paper, a numerical evaluation of the activity inventories of
the graphite waste is performed and the associated operator risks are estimated. Using the AMBER software
package, an interim disposal system is modeled establishing the storage conditions of the wastes in the drums
and of the drums in the repository. Various scenarios for the present and future evolution of the storage are
elaborated and tested for an interim disposal of 25-50 years until a final national final disposal system will be
operational around 2055. Finally, a dose rate in mSv at contact with the storage container wall and at 1 m
distance is calculated and subsequently compared with the in-situ measurements.
S5 O7
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A high temperature superconducting (HTS) material like YBCO type, of second generation (2G)coated conductor, was chosen for the execution of the superconducting coils which are part of a
superconducting magnetic energy storage system (SMES) under construction in ICPE-CA. A very important
issue for a superconducting magnetic energy storage system is the persistent mode operation of the HTS
coils together with the junctions resistivity. The switch between “persistent mode” and “driven mode“
operation of a superconducting coil is performed by the so called “persistent switch” (PS). This paper
describes the design and the numerical modeling of a PS destinated to work with the HTS coils, and some
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experimental results regarding the physical properties of the YBCO tape, necessary for the design of the PS.
The numerical modeling results refers to magnetic field generated by the coils and the thermal behavior of
the PS. The Comsol Multiphysics software was used to obtain the numerical results. Figures 1 and 2 refers to
the magnetic field generated by the HTS coils and the thermal profile of the PS.

Fig.1. The generated magnetic
field of the HTS coils.

Fig.2. The thermal profile of
the HTS persistent switch.

Acknowlegments: The authors acknowledge the funding for this research, the MCI under
35/ PN 18240201.
Keywords: superconducting, design, persistent, switch.
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During September 2013, a unique seismic swarm occurred in the NW Galati area, Romania.
Geophysical measurements were deployed in the epicentral area and in the nearby regions shortly after the
swarm event. The swarm included hundreds of earthquakes with magnitudes ranging from 0.1 to 4.0,
generally associated with the existing active fault system. Prior to the swarm episode, the seismic activity
level was too feeble to be recorded by the existing monitoring network. The large number of shallow events
(less than 10 km depth) occurred over a short time interval in an area with low and dispersed seismicity, but
in vicinity of a populated region, therefore creating concern and drawing high attention of mass-media.
It has been five years since different GNSS- Global Navigation Satellite System reference and
campaign station networks were set up in NW Galati area. Over the last decade we developed new tools to
improve the observations. Improvements in standard point positioning, clock-jumps and cycle-slip detection
and other interruptions over all constellations, frequencies and signals, carrier-phase signal-to-noise ratio,
filtering methods, allowed us to achieve improved and reliable positions from the homogeneous combination
of all networks. Here we present an analysis of all available RINEX data processed using the GIPSY
software and 3D velocities derived from the MIDAS - Median Interannual Difference Adjusted for Skewness
algorithm [Blewitt et al, 2016 1].We analyze plate motion, strain rates by using an algorithm called MELD Median Estimation of Local Deformation that works particularly well to retrieve the long-wavelength strain
rate signal in areas of low deformation [Kreemer et al, in revision for JGR, 20182] and vertical land motion
results of GPS Imaging technique using median spatial filter [Hammond et al, 2016 3]. A variety of
geophysical studies are made possible by combining DD - Double Differences& PPP - Precise Point
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Positioning analysisthat have been showing us so far two distinct areas pertaining to Sf. Gheorghe fault. The
one related to the north-eastern tectonic block that shows an uplift movement and the other relative to the
south-western tectonic block, where all velocities had a negative trend.In addition, we have created 1Hz
position streams from high-rate & real-time stations, analyzed ionospheric influences, and performed quality
checks on the GNSS solutions. All studies were conductedhaving in mind the need for a better assessment of
the impact of earthquakes in NW Galati (Romania).
Keywords: GNSS, High-rate GPS data, seismic swarm, GPS seismology,strain rates, GPS Imaging
technique;
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In order to maintain a clean environment, wastewater is treated in special plants to assure that the
concentration of several elements, mainly heavy metals, is maintain below certain minimum acceptable
values, imposed by international and national regulations. The amount and the size of the suspended particles
in wastewater have an important role regarding the aquatic fauna, as they absorb light and consequently
increase the water temperature, decreasing the amount of dissolved Oxygen.
The method we present is a simplified version of Dynamic Light Scattering (DLS) experimental setup
with an improved and very fast procedure for processing the DLS time series. A time series or a succession
of time series is recorded and the autocorrelation function of each time series is computed and stored as a
column in an array.
An Artificial Neural Network (ANN) with on input layer, one hidden layer and one output layer has
been designed for processing the autocorrelation function of each time series. Training takes time and is
performed just once, on a training set having a very big number of inputs with known outputs. The output
was the average diameter of the suspended particles and the input time series were generated using an
algorithm that has been previously published. Each time series was generated as a sum of harmonic functions
with initial phases generated using random numbers and the amplitudes selected using a specific algorithm.
Once the ANN is trained it is saved as a function and computing the average diameter of the suspended
particles is extremely fast, as it resumed to matrix multiplication and addition rather that fitting a function to
the time series autocorrelation, as in traditional DLS data processing. This feature of being extremely fast
and less computational intensive stands as a proof of concept for using it in almost real time (about 1.2
seconds delay, out of which 1 second is spend for recording the time series) for monitoring the size of the
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suspended particles in wastewater, before and after the filtration or sedimentation process. Details on the
ANN design, training and results on wastewater and natural water are presented in the extended paper.
Keywords: Wastewater, Dynamic Light Scattering, Artificial Neural Network, Suspensions
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CHARACTERIZATION OF PROTECTIVE AND FUNCTIONAL HARD COATINGS BY
MICRO-XRF
Mihail LUNGU, Ion TISEANU, Cosmin DOBREA, Ioana POROSNICU
National Institute for Laser, Plasma and Radiation Physics (INFLPR), 077125 Bucharest, Romania,
In INFLPR we are engaged in research and development of materials and technologies for hard
protective surface coatings that are designed to function under extreme conditions like for example the
plasma facing components of nuclear fusion installations and the optical components for ultra-intense lasers.
Micro-X-ray Fluorescence (µXRF) method employed in Tomo-Analytic - an analytical instrument developed
in INFLPR is well suited for a non-invasive characterization of such large area coatings. It successfully
proved its applicability to 2D thickness mapping of coated samples exposed to fusion plasma environment
[1].
Our Tomo-Analytic instrument can accommodate different procedures both based on calibration
standards and standardless to evaluate the coating thickness. In this contribution we focus on the
introduction of a fundamental parameter method as a standardless procedure that involves the powerful peak
integration software XRS-FP (Fundamental Parameter). The XRS-FP software implies several processing
steps among them a powerful noise reduction, peak deconvolution, removal of escape peaks and a series of
artefact mitigation algorithms. Eventually, thecorrectly integrated net intensity of peaks XRF are converted
to elemental concentration (wt or mole %) and layer coating thickness, from several nm up to couple of µm.
By means of XRS-FP, a NDT inspection was conducted on a wide variety of samples like dielectric
and metallic coatings of optical components in the petawatt scale lasers, fusion plasma exposed mirrors,
rough coatings for instruments and components that are relevant in the metallurgy industry, structures for
optical and electro-optical devices, toxic gas sensors, photonics and plasma technologies for the maintenance
of optical elements exposed to ultra-intense radiation environment.
The scientific contribution of this work has a significant impact thus can overcome multiple issues that
arise in the development of fusion energy technology, clean and efficient energies, or the development of
frontier scientific research on ultra-intensive lasers (petawatt scale).
[1] “X-ray micro-laminography for the ex-situ analysis of W-CFC samples retrieved from JET ITER-Like
Wall”, Tiseanu, Ion; Craciunescu, Teddy; Lungu, Mihail; Dobrea, Cosmin, 2016 Phys. Scr. 2016 014050;
[2] Ion Tiseanu et al. X-ray microbeam transmission/fluorescence method for non-destructive
characterization of tungsten coated carbon materials, https://www.sciencedirect.com/journal/surface-andcoatings-technology ,Volume 205, Supplement 2, Pages S1-S608, (2011);
Keywords: XRF, standardless, fusion energy, petawatt lasers;
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GEOMORPHOLOGY ASPECTS AND CHEMICAL COMPOSITION INVESTIGATIONS
OF SOILS FROM URANIUM MINE TAILINGS
Ioan Alin BUCURICA1,2, Cristiana RADULESCU1,3, Gica PEHOIU4, Ovidiu MURARESCU4, Ioana
Daniela DULAMA1, Claudia STIHI1,3, Sofia TEODORESCU1, Raluca Maria STIRBESCU1
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The main impact on the environment in the mining industry from Banat region, Romania, comes from
tailings ponds and tailings dumps, as well as from processing plants. Incorporating into trophic circuits, in
inadmissible quantities caused different diseases to humans and animals from Banat region. More than 80
uranium tailings dumps, mostly non-certified, with different volumes and surfaces were founded in Anina
Mountains. All these dumps represent a real danger for environmental degradation (air, water, and soil) with
heavy metals and radionuclides as well. In this research, the most obvious potential pollution was identified
around the radioactive former exploitations from Ciudanovita-Lisava, Romania. In this respect were
collected three soil sample sets (n=6) from each investigated sites during April - September 2017. All
samples were analyzed by Optical Microscopy (OM), Scanning Electron Microscopy coupled with Energy
Dispersive Spectrometer (SEM-EDS) and Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). Also,
for a well interpretation were achieved radioactivity measurements in the sampling period.
Keywords: soil, uranium mine tailings, SEM-EDS, ICP-MS.
Acknowledgments: This work was supported by the project entitled Health risk assessment
associated with abandoned copper and uranium mine tailings from Banat Region, Romania, according with
Protocol no. 4748-4-2018/2019, bilateral project of Joint Institute for Nuclear Research and Valahia
University of Targoviste, on theme 03-4-1128-2017/2019.
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CHEMICAL AND MORPHOLOGICAL INVESTIGATIONS ON PAINTED POTTERY OF
ROMANIAN CULTURAL HERITAGE
Ioana Daniela DULAMA1, Cristiana RADULESCU1,2, Alina BINTINTAN 3,
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In the Transylvanian Neolithic, the Lumea Nouă communities are considered the creators of an elegant
painted pottery. The eponym site is Alba Iulia-Lumea Nouă, discovered by chance in 1942, while carrying
out some town planning works. From the chronological point of view, the Neolithic communities who have
produced this type of pottery are included in the time frame 5200-4900 BC. The origins of this type of
painted pottery are still controversial.
This study aims to investigate a possible link between the painted pottery from the Alba Iulia-Lumea
Nouă settlement and the potential clay sources identified in the proximity of the archaeological site
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considering the anthropic pollution. In order to establish some correlations between clay source and pottery
composition, two analytical techniques (attenuated total reflection - Fourier transform infrared spectrometry
and scanning electron microscopy coupled with energy dispersive spectrometry) have been used. The
recorded data show similarities for both techniques and give preliminary information regarding the clay
composition used for pottery manufacturing in middle Neolithic. Cluster analysis using Average Linkage
method correlated the clay sources with the analysed painted pottery. Despite the limited numbers of
samples, the archaeometric results indicate that there is an obvious link between the analysed Lumea Nouă
painted pottery and two of the selected clay sources from Alba Iulia-Lumea Nouă archaeological site. Some
of the local clay sources could have been considered the suitable raw material used for the Lumea Nouă
pottery type production. However, further determinations performed on a larger set of painted ceramic
samples are needed in order to confirm this state of the research.
Keywords: painted pottery, Lumea Noua, SEM-EDS, ATR-FTIR.
Acknowledgments: This work was supported by a project of the Romanian National Authority for
Scientific Research, UEFISCDI, project 51PCCDI/2018 “New diagnosis and treatment technologies for the
preservation and revitalization of archaeological components of the national cultural heritage”.
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X-RAY AND SCANNING ELECTRON MICROSCOPY ARCHAEOMETRIC STUDIES OF
PIGMENTS FROM MURAL PAINTS
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The application of analytical techniques, originally developed in the field of materials science, to
objects of art and archaeology gives the art historians and archaeologists the possibility to gain information
about the material composition of such objects, the provenance or to explore the technology used for the
manufacturing [1]. Furthermore, scientific investigations are useful for conservation projects in order to
differentiate the original parts of an object from later additions, former restoration works, and to understand
what materials can and cannot be used.
X-ray nondestructive analytical techniques such as scanning electron microscopy (SEM) in
combination with energy-dispersive spectrometry and X-ray diffraction (XRD) have been widely used for
the analysis of archaeological paints. They can be used for mineralogical (XRD) and chemical (XRF and
SEM-EDX) characterization of samples. All these techniques have been developed as non-destructive and
non-invasive techniques for analyzing valuable objects.
The analysis of paints and pigments is one of the most interesting aspects, not only in archaeology, but
also in the history of art, to understand deterioration processes and to develop conservation methods. A
number of works will be devoted to the characterization of paints (a pigment added to a binder), and also of
pigments for collecting informations about the exploitation of natural resources and to better understand the
manufacturing and weathering/deterioration processes of the investigated artifacts. Modern and performant
analytical techniques, as FTIR, Raman, SEM-EDS, XRD, colorimetric and gloss measurements, are used and
the results are discussed too.
Acknowlegements: This study was supported by the grant 51PCCDI/2018 from UEFISCDI-MEN.
Keywords: XRF, XRD, SEM-EDS, pigments
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[1]. R. M. Ion, Analytical Investigations and Advanced Materials for Damage Diagnosis and Conservation of
Monument’s Stucco, in: Advanced Materials for the Conservation of Stone, M. Hosseini and
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HYBRID NACOMPOSITE rGO/SEMICONDUCTOR OXIDE AS SENSITIVE MATERIAL
FOR NO2 DETECTION
Ioana ION, Gabriela TELIPAN*, Delia PATROI, Virgil MARINESCU
Research and Development National Institute for Electrical Engineering ICPE CA, Bucharest, ROMANIA
In present paper, we present a gas sensor realised with rGO/ZnO hybrid nanocomposit as sensing
material for detection of NO2 in low concentration 0-10 ppm, which operating at room temperature. ZnOrGO hybrids nanocomposit material was obtained as follows: ZnO powder was additivated with 10% (wt. %)
rGO. GO was obtained by modified Hummer method [1-3]. The sensitive material was characterized
structural and morphological by X-ray diffraction, UV-VIS, DLS, SEM, RAMAN. The sensor module is
constituted from PCB substrate with interdigitated Ag array electrode deposed by photolitografic technology
and the sensitive material was deposed by dipping method on electrode surface.
The active area for sensitive material was 10
mm x 0,5mm.-Fig. 1(a and b). Fig. 1c shows the
response sensor for 1,3,5 and 10 ppm NO2. The
a
decrease of resistance in oxidant gas NO2 denotes the
character of semiconductor type p for this sensitive
material . The air resistance was 1530 kΩ which
decrease at 47, 8,7 3,36 and 3,3 kΩ after 3600
b
seconds exposure in gas, coresponding to 1, 3, 5 and
c
10 ppm NO2.
Fig.1. The sensor structure a) PCB substrate with interdigitated Ag array electrode b) sensor module with
sensitive material deposed on electrode, c. The sensor response
The authors would like to acknowledge Romanian Ministry of Education and Research for financial
support: project PN II – PCCA type 1, no.146/2012.
Keywords: reduced graphene oxide (rGO), ZnO semiconductor oxide, gas sensor, nitrogen dioxide
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Biosynthesis of nanoparticles is under exploration is due to wide biomedical applications and research
interest in nanotechnology. Two hydroalcoholic plant extracts, Prunus mahaleb (Mahaleb cherry) and Malus
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purpurea (Blutapfel) were used and compared for bioreduction of silver nitrate (AgNO 3) for the synthesis of
silver nanoparticles Fig.1, Fig.2. Stable silver nanoparticles were formed by treating aqueous solution of
AgNO3 with the hydroalcoholic plant extracts as reducing agent of Ag + to Ag0. This article summarizes
recent activity in this general area where environmentally friendly synthetic techniques are currently being
explored for the synthesis of “greener” AgNPs including the use of hydroalcoholic plant extracts. The
nanoparticles were characterized by FTIR, Raman, SEM equipped with EDS. The silver nanoparticles
synthesized were generally found to be spherical in shape. The results showed that the hydroalcoholic plant
extract of Prunus mahaleb (mahaleb cherry) and Malus purpurea (Blutapfel) is very good bioreductant for the
synthesis of silver nanoparticles.
Keywords: biosynthesis, nanoparticles, Malus purpurea, Prunus mahaleb

Fig. 1 SEM image for extract of Mahaleb cherry
with silver nitrate

Fig. 2 SEM image for extract of Blutapfel with
silver nitrate
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SPECTRAL CHARACTERISATION OF THE PORPHYRINS
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The spectroscopy of porphyrins has been rapidly developed during the last two decades, this class of
compounds being of great biological importance and possessing a number of significant properties. Raman
spectra of the several porphyrins were recorded in the region 200–2000 cm−1. The result of a detailed FTIR
study is presented and the vibration spectra are analyzed based on the results of advanced quantum chemical
calculations. The solid obtained during the porphyrin synthesis, after purification by extraction in Soxhlet,
were analyzed by SEM with EDS. Also, using SEM have been investigated the surface morphology of the
porphyrins samples.
The spectral properties and spectral homogeneity of the porphyrins confirmed that these materials
could be a perspective for DSSC.
Keywords: Porphyrins, RAMAN, SEM, FTIR
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Many approaches were used to transform micro-reliefs such that to be suitable for fabrication
techniques used in mass production. The paper presents a method of optimizing the diffractive phase
elements (DPE) manufacturing using unequal phase steps dependent on the characteristics of the particular
DPE.
The optimization algorithm is implemented in MatLab similar to [1], but contains two loops of
analysis: one at the DPE level, the other at the optical images obtained from DPEs. At DPE level the
optimization consists in minimizing the mean square error (MSE) between computer generated holograms
(CGH) with 28 equal levels and the approximating DPE of 2 N, N<8 unequal levels. Comparisons are made in
the cases of relevant DPEs (e.g. of lower or higher spatial frequencies). At the reconstructed image level,
optimization takes into account the performances measured in terms of efficiency, mean square error, and
uniformity [2]. The optical images result both in simulated and experimental versions.
The simulated results are clearly exhibiting the advantage of unequal steps versus the equal ones.
The approximating DPEs are experimentally achieved by direct laser writing technique via two photon
polymerization. The technique is an acceptable compromise between accurate micro-relief details and a
limited number of imprinted steps.
Keywords: unequal imprinted phase steps
Acknowledgement Research supported by the Romanian Authority for Scientific Research and Innovation,
contract UEFISCDI, PN-III-P2-2.1-PED-2016-1396, 218PED/2017.
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The basic structure of the IFIN-HH, Ionizing Radiation Metrology, Dosimetry and Testing
Laboratory (CMRID) contains the irradiation facilities, arranged according to the specific activities:
generating X radiation (D2), panoramic irradiation bench (A3, A4, B1), bench for collimated beam
irradiation (C1) and radiation in various geometries (A1). Knowledge of the equivalent ambient dose rates,
H*(10) in all sites allows to organize activities under assurance of the radiological security for the staff.
Evaluation was done by the Laboratory for Personal and Environment Dosimetry (LDPM) in 17
representative points. The measured values are expressed as H*(10), nSv/h, the average value over a period
of three months and are reported as values obtained by monitoring for a period of 2 years. The maximum
value of 51338 nSv/h was measured in the first quarter 2015 in the point designed as A1. The other values
are in the range of 82 ÷ 2669 nSv/h. The measurement uncertainty is 12 % for k=2. The personal dosimetry
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survey of the staff, performed in the same laboratory, using the TLD personal system, emphasized that the
values of personal equivalent dose, Hp(10), mSv, registered in the same periods, was less than 0.15
mSv/month, what proves that the adequate measures of safe radiological working measures were applied. On
the other hand, the survey of some points, situated on the northern side, outside the dosimetry laboratory
building, revealed that the H*(10) values are within the limits of natural background in Magurele city,
H*(10) = 99 ÷ 133 nSv/h. However, the monitoring of the outdoor southern side of the building, where the
highest indoor dose rates were measured, is recommended.
Keywords: area dosimetry, the ambient dose rates equivalent, thermoluminescent dosimetry.
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The use of natural products in synthesis of nanomaterials defined a new synthesis approach, namely the
nanobiotechnology synthesis techniques, a combination of nanoscience and biotechnology. Zinc oxide, an
exceptional material for applications in electronics, photocatalysis, medical science, etc. is an ideal candidate
for nanobiotechnology synthesis [1]. The improvement of zinc oxide properties by using a vegetal matrix as
template was previously demonstrated [2].
We have used nanobiotechnology methods for the synthesis of zinc oxide nanoparticles using the juice of
red cactus pear (Opuntiaficus-indica) with zinc acetate as precursor. The zinc oxide nanoparticles were
characterized by transmission electron microscopy, electron diffraction and UV-vis spectroscopy. The
energy bandgap was calculated by Tauc equation. The photocatalytic properties were demonstrated in the
degradation of Congo red azo dye.
We also report results of density functional theory (DFT) calculations on Congo red molecule adsorbed
on a ZnOnanocluster, in order to explain experimental results regarding the photocatalytic degradation of
these pollutants under visible lightirradiation. For this purpose, we analyze the absorption spectrum of the
free and adsorbed molecule, the binding configurations, the matching of the energy levels with the oxide
catalyst and the likelihoodof the charge-transfer to the substrate.
Acknowledgements. This work has been performed in the frame of Project No. 91, JINR-RO 2018, topic
number 04-4-1121-2015/2020, JINR 322/21.05.2018, Dubna, Russia.
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Understanding how forest land cover responds to climate change requires knowledge of land-surface
interaction processes, which control the degree to which interannual variability and mean trends in climatic
variables affect the surface energy budget and by this forest vegetation. Urban forest represent unique areas
for the detection of climatic change and the assessment of climate-related impacts. Forest systems are all
sensitive to climatic factors and extreme climate events and are likely to have different vulnerability
thresholds according to the species, the amplitude, and the rate of climatic stressors. According with
numerical models forecasting, as a result of global climate change, there is a clear evidence that some of the
most severe weather events (thunderstorms, floods, heat waves, etc) could become more frequent and intense
in Romania over the next years. Effects of climate extremes on urban/periurban forest systems can have both
short-term and long-term implications for standing biomass, tree health and species composition. The
preservation and enhancement of urban forest vegetation land cover in natural, semi-natural forestry
ecosystems is an essential factor in sustaining environmental health and averting natural hazards. Use of
satellite remote sensing to monitor the forest changes due to climatic or anthropogenic stressors is an
excellent example of the value of multispectral, multiresolution and multitemporal observations. Fusion
technique was applied to time series satellite imagery data (Landsat TM/ETM/OLI, Sentinel 2 and MODIS
Terra/Aqua satellite data) for an urban forest ecosystem of Bucharest metropolitan area in Romania over
2000-2017 period. This paper addresses a number of issues related to modifications in urban/periurban forest
vegetation land cover, which can have an impact on the local and regional climate through changes in
biogeophysical processes. Also, this paper aims to (i) describe observed trends and scenarios for summer
heat waves, windstorms and heavy precipitation, based on results from simulations with global circulation
models, regional climate models, and other downscaling procedures, and (ii) discuss potential impacts on
urban forest systems in Romania. Due to global warming and climate changes urban/periurban forest systems
of Bucharest city experienced environmental degradation. However, climate change effects like increased
precipitation, moth attacks, freezing and thawing events during winter and long-transported air pollution (e.g.
nitrogen) as well as heat wave event during summer period may also have reinforced the changes in biomass.
Keywords: time-series satellite data , climate change , extreme climate events, urban/periurban forest,
Bucharest, Romania
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Forest phenology is a multi-scale phenomenon, arising from processes in leaves and trees, which
controls carbon and water cycles, observable at the ecosystem scale (e.g. eddy flux measurements), very
important to characterize the relation between phenophase transition events at different spatial scales.
Usually aerial photography and imagery recorded from an unmanned aerial vehicle (UAV) to observe tree
phenology over a large area of several hectares and across diverse forest species communities, with spatial
and temporal resolution at the scale of individual tree crowns and their phenophase transition events (10 m
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spatial resolution,∼5 day temporal resolution in spring, weekly in autumn) can provide better phenology
information. Such field data can be used for validation of time series Landsat TM/ETM/OLI, Sentinel 2 and
MODIS Terra/Aqua data. From synergy of data analysis can be finded the spatial standard deviation in
transition dates behavior in the pixel size domains for different resolutions of satellite sensors and
multispectral characterization. Due to spectral similarity between forest species, the unique spectral
properties of forest vegetation leads to some accuracy difficulties, but time series satellite remote sensing
observations can contribute to mapping forest tree species due to the phenological differences between them.
Therefore, the timing and number of image acquisitions (temporal resolution) are highly important for
accurate identification of species. Through time series of the Normalized Difference Vegetation Index
(NDVI), provided by NOAA- AVHRR and MODIS Terra/Aqua data is possible to examine trends and
seasonality in forest vegetation Leaf Area Index (LAI) and in primary productivity, as well as to identify the
impacts of human disturbances (clearcutting, etc.), but is difficult to identify phenological patterns at the
individual level. By using high spatial resolution imagery (primarily unmanned aircraft vehicles- UAV, and
new Sentinel 2 data and maximizing the number of acquisition dates will be improved forest classification
accuracy based on phenological differences between target species, and minimizing costs. In order to extract
forest phenological changes, this paper applied fusion technique to multitemporal satellite imagery data
(Landsat TM/ETM/OLI, Sentinel 2 and MODIS Terra/Aqua satellite data) for a mountain forest ecosystem
placed in Prahova Valley, South Carpathians in Romania over 2000-2017 period. Due to global warming
and climate changes mountain forest system experienced environmental degradation.
Keywords: forest phenology, time-series satellite data , climate change , Prahova Valley, Romania.
Acknowledgements. This work was supported by Romanian Ministry of Research and Innovation
project number 6PS/2017, within Sectorial Program as well as by Program NUCLEU Contract
33N/16.03.2018INOE 2018.
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APPLICATION OF REMOTELY SENSED THERMAL INFORMATION TO URBAN
CLIMATOLOGY OFBUCHAREST CITY
Maria ZORAN1, Roxana SAVASTRU1, Dan SAVASTRU1, Adrian DIDA2
National Institute of R&D for Optoelectronics, Bucharest Magurele, MG-5 077125 Romania
2
University Transylvania of Brasov, Forestry Faculty.
In frame of predicted increasing extreme climate events and global warming, urban climate is an
important issue in scientific research. Atmospheric composition near urban agglomerations is highly affected
mainly due to industrial activity and road traffic.This paper investigated the influences of urban growth and
green land cover decrease on metropolitan climate of Bucharest in Romania. Remote sensing data from
Landsat TM/ETM/OLI, Sentinel 2 and time series MODIS Terra/Aqua thermal infrared sensors as well as
in-situ meteorological data have been used to assess urban land cover– air and land surface temperature
interactions over period between 2000 and 2017 years. The air (Ta) and land surface temperature (Ts), key
parameters for urban climate characteristics analysis, were analyzed in relation with the Normalized
Difference Vegetation Index (NDVI) at city level. Based on these parameters, the urban growth, Urban Heat
Island (UHI) effect and the relationships of Ts to other biogeophysical parameters have been analyzed. In
order to separate urban and rural pixels, the MODIS Land-Cover Product (LCP) have been used. These LCP
values rely on a 1-km gridded database composited from different MODIS products, namely, land/water
mask, albedo, spatial texture, directionalreflectance, enhanced vegetation index, snow cover, land surface
temperature, and terrain elevation information. These data are composited over a 1-month time period to
produce a globally consistent, multitemporal database on a 1-km grid as input to classification
characterization algorithms. The correlation analyses revealed that, at the pixel-scale, Ta and Ts possessed a
strong positive correlation with percent impervious surfaces and negative correlation with vegetation
abundances at the regional scale, respectively. Was also analyzed UHI phenomenon during extreme heat
waves events. Our results suggest that monthly mean UHI intensity is between 1 oC and 6 oC, and the most
intense UHI occurs in day-time in the summer period during heat waves periods.Satellite data analysis
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stressed a clear land surface temperature contrast between the central, median and peripheral zones of
Bucharest city.The analysis show that different urban/periurban zones and landscapes bring diurnally and
seasonally different contributions to the local and regional thermal environment. Urban land cover was the
most important contributor to increases in regional Ts. Vegetation had a clear cooling effect as the
normalized vegetation difference index (NDVI) increased during summer periods.
Keywords: urban climate, Thermal Infrared time-series satellite data, biogeophysical
parameters, Urban Heat Island, Bucharest.
Acknowledgements. This work was supported by Romanian Ministry of Research and Innovation project
number 6PS/2017, Contract NUCLEU 33N/16.03.2018 and project Contract PCCDI 18/2018 VESS-3-PIMS.
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ENHANCED HEAVY METAL CONCENTRATIONS IN SOIL AND FRUIT TREES
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The aimof this study was to assess the heavy metals content in orchard soils and fruit trees (apple
and plum) from different types of samples (soil, trees bark, leaves and fruits body) in order to characterize
the influence of various fertilizers and pesticides used in agriculture. The most popular used fertilizer in fruit
growth Dambovita County is manure, a natural complex material rich in nitrogen and phosphorus assimilable
compounds and main microelements. Commonly, the pesticides used by local orchardists consist in different
formulations based on copper sulfate containing formulations which are efficient in the annihilation of pests
in fruit crops.
The samples were collected quarterly from different areas of Dambovita and Arges counties,
representative for fruits and fruit trees production.
Solid samples were analyzed by wavelength dispersion X-ray fluorescence (WDXRF) and
instrumental nuclear activation (INAA). We determined the content of Cd, Co, Cr, Cu, Fe, Mn, Ni, Pb and
Zn. Moreover, the soil properties were determined in order to get an image of their specificity and
subsequently to find a correlation betweenthe heavy metal content and soil properties. Biological factors
were used for estimation of plant/risk heavy metal interactions: Bioconcentration factor (BCF) is expressed
as the ratio of metal concentration in bark to that in soil (the values of BCF > 1 point to a good
accumulation); Mobility ratio (MR) as the ratio of heavy metal in leaves to that in soil. The biological factors
give a quantitative image of the accumulation and migration of the studied metals. The values of the
biological factors depend both on the nature type of fruit tree and the analyzed metal.
Finally, correlations between the concentrations of heavy metals in the analyzed samples and
pesticides used in studied areas were found.
Keywords: heavy metal content, fertilizers, pesticides, apple tree, plum tree, elemental analysis
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SUPPORT DATABASE FOR FIRST RESPONDERS IN TRANSPORTATION INCIDENT
INVOLVING DANGEROUS MATERIALS
Bogdan ZORILA1,2, Valentin-Teodor ACASANDREI1, Nicolae MOCANU1
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2
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Dangerous goods or hazardous materials are daily transported by road and rail. These transports, in the
event of incidents or accidents, may be a potential hazard to the population and the environment. We could
remind here the event on 24 May 2004 in the village of Mihailesti, Buzau County, Romania, when a truck
loaded with ammonium nitrate rolled over and caught fire, and one hour later exploded killing at least 18
people and another 13 were wounded.
When such incidents occur, the first responders must take a series of safety precautions:
- Approach cautiously;
- Secure the scene of the incident;
- Identify the hazard;
- Assess the situation;
- Obtain help and act accordingly to the situation.
The support database was created using “Emergency Response Guidebook – 2016” and will be the
backend of a web application callable by the first responders during the initial phase of transportation
incident. The database contains the following information:
- UN ID number of the substance;
- Complete name of the substance;
- Substance class (explosives, gases, flammable liquids or solids, etc.);
- Isolation distances for small and large spills;
- Protection distances for small and large spills, for both day and night periods.
The application display to the user, on a map, isolation and protection distances, based on the local
meteorological parameters (wind speed and direction).
Keywords: database, hazardous materials, first responders, emergency response.
Acknowledgements: Bogdan ZORILA is preparing a PhD at the Faculty of Physics, University of
Bucharest. This work was supported by the Romanian Ministry of Education and Research through Grant
SOL 7 ⁄ 2017 / RR – CBRNE.
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A STUDY OF CASEIN MICELLES AGGREGATION USING DYNAMIC LIGHT
SCATTERING
Dan CHICEA1,2
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Milk proteins aggregation was induced by Calcium lactate, in its most common form of pentahydrate
C6H10CaO6·5H2O at different concentrations and the variation of the average protein aggregate in time has
been monitored.
The experimental setup for a Dynamic Light Scattering (DLS) measurement was selected to be as
simple as possible, yet functional and consisted of a Laser source, a cuvette, a detector for scattered light and
a PC for recording the time series. DLS time series were recorded at different equal time intervals and the
recorded DLS time series were processed in a conventional manner, by computing the autocorrelation of
each time series and by fitting the theoretical exponentially decaying function on the data. The result of the
fit provided the diffusion coefficient of the suspended particles and, here from, the average diameter of the
particles.
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Depending on the
Calcium lactate
concentration, the protein aggregation can be
very fast, and can last from seconds to a few
tens of seconds. As time pases the average
diameter of the protein remains constant,
within the systematic method errors.
Keywords: Dynamic Light Scattering, Casein
Micelles, Protein Aggregation
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MACROSEISMIC INTENSITY ATTENUATION RELATIONSHIP WITH EPICENTRAL
DISTANCE FOR FAGARAS SEISMOGENIC ZONE (ROMANIA)
Angela Petruta CONSTANTIN1, Iren Adelina MOLDOVAN1, Dragos TOMA DANILA 1
1
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Seismic hazard assessment and intensity-based shake maps of a seismic zone depend on the
attenuation equations. Due to the absence of strong motion records, macroseismic intensity information
available for previous earthquakes which have occurred in studied area were the only source of information
utilized for developing attenuation relationship for that zone. The aim of this paper is to determinate a new
macroseismic intensity attenuation law for the Fagaras seismic source. The Fagaras Seismogenic Zone had
experienced major and moderate earthquakes in the past and macroseismic maps had been constructed by
various authors for these earthquakes representing intensity pattern and decrease of this parameter with
distance on different azimuths. The input data consist of macroseismic intensities collected for 5 moderate
and major earthquakes (Mw ≥ 4.6) that had occurred during the last hundred years with epicentral/maximum
intensity in the range IV-V to IX MSK degrees. Using this data, attenuation relationships of macroseismic
intensity with distance will be accomplished. The new deduced attenuation equation will be used for rapid
damage assessment of a potential future earthquake occurred in the Fagaras Seismogenic Zone.
Keywords: Fagaras seismogenic zone, Crustal earthquakes, Macroseismic intensity, Epicentral distance,
Attenuation
Acknowledgements: This paper was partially carried out within Nucleu Program, supported by ANCSI,
CIRRUS 18 15 01 01/2018 project, and the Partnership in Priority Areas Program – PNII, under MENUEFISCDI, DARING Project no. 69/2014.
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USING THE ETAS MODEL FOR CATALOGUE DECLUSTERING AND ANALYSES
SEISMIC SEQUENCE IN DANUBIAN SEISMOGENIC AREA
Cristian GHITA1, MihailDIACONESCU1, Iren-Adelina MOLDOVAN1, Andreea CRAIU1, Eduard
GabrielCONSTANTINESCU1
1
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The purpose of this work consists in analyses of declustering catalogue and seismic sequences in
Danubian seismogenic area.The studied area is located in the Danubian seismogenic zone, and represents
the Southwest, adjacent to the Danube, of the orogenic unit of the Southern Carpathians.
Studies conducted here highlighted areas with high seismicity:
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The Resita-Moldova Noua area, alongside the Oravita fault, recorded the seismic sequence occurred
in April-August 2002, with a total of 70 earthquakes, the maximum magnitude being 3.5 (Mw) for the
earthquake of August 4, 2002
The Teregova area is where the seismic sequence from October-November 2014 was generated, the
main shockwith a total of 51 aftershocks that occurred after. The maximum magnitude observed was 4.1
(Mw) for the earthquake produced on October 31, 2014.
Cerna-Jiu area located along side a strike slip fault. The maximum magnitude observed was 5.5
(Mw) for the earthquake of July 18, 1991.
A widely used method in seismology for assessing seismic hazard is Seismicity declustering
catalogue. The identification of spontaneous and triggered earthquakes is the basis for the development of
the concept of background seismicity. The goal of seismicity declustering is to separate earthquakes in the
seismicity catalogue in to independent and dependent earthquakes.
In order to model seismicity declustering , the ETAS algorithm (epistemic type aftershock
sequences) is used.
Applying this procedure (ETAS) involves a certain degree of subjectivity that is limited, however, by
the possibility of adjusting the free parameters of the algorithm by rigorous statistical criteria such as
maximum likelihood.
Key words: Seismic background, declustering, epidemic model, maximum likelihood
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INVESTIGATION OF BETA TITANIUM ALLOY BY NEUTRON AND X-RAY
DIFFRACTION AND SANS
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A wide range of strength and plastic properties of β-titanium alloys with common chemical
compositions can be achieved by modifying their heat treatment (HT)parameters. The best result is attained
with alloys of the transient class ([Mo]eq = 10 - 16%). In the alloy used in the research, VT22 [Mo]eq =
12.7%.
Quenching and aging are carried out to improve the strength level of β –titanium alloys. After the
quenchingtheir structure obtains the small amounts of a primary α phase and a metastable β phase with a
high dislocation density. As a result of subsequent aging, the essentially refined α phase consists of very
small particles (~ 50-100 nm) evenly distributed in the β-matrix. This can result in the texture formation and
the subsequent anisotropy of the properties. The prior deformation in β-phase considerablyaffects the
heterogeneous α precipitation kinetics.
Recent investigations on β - alloys demonstrate that aging temperature decrease by 50°C does not
notably change their strength properties, while the plastic properties (5, , КСU, low-cycle fatigue) reduce,
yet the microstructure remains unchanged [1]. This can be caused by differences in the morphological and/or
crystallographic textures or in the change of phase composition. We plan to carry out the texture and phase
analysis using neutron and X-Ray diffraction. The combination of X-Ray and neutron sources will help us
use advantages of the both methods to their full potential.
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In addition, in order to solve the problem, we have made a research using small angle neutron
scattering (SANS) to get the data about size, morphology and volume fraction of dispersed particles.
Figure shows the difference between the curve of the sample with bad plastic properties (2) and the
curves of the other two samples with satisfactory
plastic properties. In the sample 2 the surface of the
scattering particles is smoother, and the size of the
dispersed particles is smaller than in the other two
samples. The integral intensity of diffraction peak α-Ti
(101) in the sample 2 is twice as large as in the other
two samples.
The sample with unsatisfactory properties is
detected by the SANS and neutron diffraction data.
The texture data in combination with other research
methods data will enable to determine the optimal heat
treatment mode.
Figure. SANS curves of the samples.
Keywords:
titanium,
SANS,
neutron
diffraction.
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Research has focused mainly on the strong influence of soil type and its physico-chemical proprieties
for vine culture. The concept of terroir represent an important factor in viticultue and winemaking. By
definition, it represents a correlation between soil type and climatic factors, cultivation technology and
winemaking techniques and practices.
The description of soil types is given by the Office of Agrochemical and Pedological Studies
documentations. The soil sampling was done systematically from a network of points located at a distance of
about 50 meters. The soil was collected from 81 points in two depths: 0-20 and 20-40 cm from the topsoil.
The color of soil samples was done by comparison with Munsell catalog. The proportion of CaCO3 was
carried out by using the Bernard method. For each soil sample measurements of pH (WTW Inolab 730) in
aqueous solution by potentiometric method using a ratio of soil: water 2.5:1 were made. In order to obtain
the chemical composition the soil was prepared into pressed powder pellets, with a ratio of 5:1 of soil and
resin, for energy dispersive X-ray fluorescence spectrometry (ED-XRF) analysis.
The absorption of potentially toxic elements by roots can be both active (metabolic) and passive (nonmetabolic). For soil samples was highlighted an average contents for Cr, Cu and Ni exceeding the normal
values allowed by law, while those of Cd, Co, Ni and Zn are below this value. In the case of Co, Ni, Zn and
As values are above the normal maximum permissible soil. Althought there are not strong proves for the link
between soil chemical composition and wine quality, some physical proprieties of soils can influence it.
Keywords: vineyard soils, potentially toxic elements.
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Knowing the characteristics and content of sludge generated from urban waste water treatment plants
is very important in taking decisions to capitalize or eliminate them. European legislation, transposed at
national level, establishes strict criteria for the use of sludge in agriculture, while stimulating the application
of recovery methods. Heavy metal pollutants are particularly dangerous due to long-lasting remanence in the
soil as well as to their taking over by plants and animals. To these elements of toxicity is added the
possibility of combining heavy metals with minerals and oligominerals thus becoming their blockers,
frustrating the organisms of these elements indispensable to life. This paper aims at presenting the
monitoring of heavy metals (Cd, Cr, Cu, Fe, Mn, Pb and Zn) as a result of the use of different concentrations
of sewage sludge for the cultivation of cereals such as wheat, oats or maize. Te monitoring was done by
atomic absorption spectrometry (AAS) and inductively coupled plasma mass spectrometry (ICP-MS).
Keywords: heavy metals, AAS, ICP-MS, sewage sludge.
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SURFACE ACOUSTIC WAVE DEVICES BASED ON UNCD FILMS
Mihai GOLOGANU, Critina PACHIU, Titus SANDU, Andrei AVRAM, Silviu VULPE
National Institute for R&D in microtechnologies - IMT Bucharest
Diamond and particularly ultrananocrystalline diamond (UNCD) are highly attractive for many
different types of composite acoustic devices because of its mechanical properties: hardness-100 GPa,
Young's modulus-1200 GPa and consequently very high acoustic wave propagation velocities (about 17000
m/s and 11000 m/s for longitudinal and transverse waves, respectively) [1]. Due to their mechanical
properties UNCD films may be used for the fabrication of Surface Acoustic Wave (SAW) devices at very
high frequency. In order to conveniently generate SAWs in UNCD films piezoelectric thin film layers are
needed to be deposited on naturally smooth surfaces of UNCD films.
Recently we have shown our capability to process UNCD films by fabricating various
micromechanical structures from UNCD materials [2]. In this contribution we continue the work on
processing UNCD films toward functional micro- and nano-electromechanical (M/NEMS) devices by
fabricating SAW devices incorporating UNCD films. We present first the deposition of ZnO films on UNCD
substrates by atomic layer deposition technique and by sputtering. ZnO was chosen because of it has good
piezoelectric properties and good mechanical coupling to the UNCD film. Then we show the fabrication of
the metal interdigitated transducer (IDT) directly deposited on a piezoelectric film by Nanolithography
(Electron-beam lithography and Nano-Imprint Lithography) [3]. The design parameters of the SAW devices
were obtained in COMSOL by simulations based on a simplified Coupling of Modes (COM) model.
Keywords: UNCD, SAW, Nanolithography
[1] A. V. Sumant, O. Auciello, M.Liao, “MEMS/NEMS based on mono-, nano-, and ultrananocrystalline
diamond films”, MRS Bullet., 39(6), 511-514, 2014.
[2] C. Pachiu, T. Sandu, C. Tibeica, A. Avram, L. M. Veca, R. Popa, M. Popescu, R. Gavrila, C. Popov, V.
Avramescu "Fabrication and characterization of suspended microstructures of ultrananocrystalline
diamond, „Romanian Journal of Information Science and Technology”, Volume 21, Number 1, 49-62, 2018.
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A FUGACITY BASED MODEL FOR THE ASSESSMENT OF POLLUTANT
DYNAMIC EVOLUTION OF VOCS AND BTEX IN THE OLT RIVER BASIN
(ROMANIA)
Andreea IORDACHE1), Mihaela IORDACHE 1), Claudia SANDRU1), Cezara VOICA 2), Diana
Stegarus1), Roxana IONETE1)
1)

National Research and Development Institute for Cryogenics and Isotopic Technologies - ICSI Rm.
Valcea, 4 Uzinei Str , Romania
2)
National Institute for Research and Development of Isotopic and Molecular Technologies, 67-103
Donat Str., Cluj-Napoca, Romania

The transfer of volatile organic compounds (dichloroethane-1,1, dicloethane-1,2, tetrachloroethane,
tetrachloroethylene) and volatile aromatic hydrocarbons (benzene, toluene and xylene isomers) has been
studied in environmental water, sediment and biota samples with the use of MacKay calculation model.
The applied model was based on experimental data that allowed establishing the bioconcentration
factors (BCFs) that relate the compounds concentration from sediment-, water- or air- to the biota. Thus,
conclusive suggestions for a rapid preliminary risk assessment can be achieved as support tools for the
preventive measures in the investigated area. An effective management requires both the understanding of
environmental processes and the ability to quantify the risk of the transfer mechanism associated to health
and chemical contamination.
Evaluation of the contamination level resulting from accidental chemical discharges or continuous
is usually performed using transfer models on environmental compartments. These models are mainly
based on a single environmental compartment, such as the transfer of a contaminant in water.
In this work, the investigation was made on the main tributary of Danube in Romania, the Olt river,
on its middle and lower basin. Water and sediment samples were collected and analyzed by gas
chromatography for the selected compounds, the results being applied as input data for the model.
Analyzing the modeling results of the studied compounds, we concluded that the applied "fugacity"
based model has generated realistic indicative targets for environmental compartments of interest, namely
water, sediment, biota.
The modeling revealed the tendency of transfer to section "air" a dichloroethane, benzene, toluene
and xylenes, are known that are volatile. Modeled values obtained for section "sediment" are comparable
and compatible with the valuesobtained by analytical measurements, which provides rapid indication of
the level of pollutant pollution that environmental compartment studied.
Using the MacKay model, that imply a small number analytical measurements, allowed us to
determine the pollution footprint, having conclusive indications for the rapid risk assessment to base on
the actions and preventive measures.
Keywords: volatile organochlorine substances,MacKay model, fugacity, ecosystem
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190

S5 – Engineering and Industrial Physics

S5 P23

NOBLE METAL NANOPARTICLES EVALUATION USING NUCLEAR TECHNIQUES
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Development of nanotechnology in general and of green nanoparticles synthesis methods in particular,
requires reliable analytical techniques for their characterisation [1].
As most of the scientific papers around the world deals with the applications of phytosynthesised
metallic nanoparticles (antioxidant effects, antimicrobial properties, cytogenotoxic activity, etc. [1-2]) with
very good results, in the present paper we aim to provide a short review, including our own group
experience, in the area of nuclear and related methods (X-ray fluorescence, X-ray diffraction, electron
microscopy) used for characterising the phytosynthesised nanoparticles [3].

Figure 1. Representative results obtained using X-ray fluorescence (A), X-ray diffraction (B) and
transmission electron microscopy (C) of bimetallic nanoparticles (Au/Ag) [3].
References:
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It is known that thermoelectric devices and systems developed on their basis are widely used in power
engineering, refrigeration and measurement technology [1 – 2]. The main achievements of thermoelectricity in the
field of instrument engineering were exactly based on the physics of thermocouple thermoelements. However, the
upcoming trend of thermoelectricity development is devising of new types of thermoelements, for instance, based
on gyrotropic media, and improving the efficiency of the existing ones. The properties of gyrotropic
thermoelements are investigated in papers [1 – 3].
Inthispaper, analyticalandnumericalmethodswereusedtostudythebasicrelationsfor the calculation of
optimal characteristics of gyrotropic thermoelements in electric energy generation mode. The InSb, InAs and
Bi2Te3thermoelectric materials for gyrotropic thermoelements wereexamined [1, 4]. Computer simulation was
performed for InSb material and temperature distributions in various-shaped gyrotropic thermoelements were
found. Thetemperaturedependencesofefficiencyforgyroptropicthermoelementsofoptimal, rectangularandannular
shapes
wereobtained.ItwasestablishedthatmaximumefficiencyvalueofoptimalshapedgyrotropicthermoelementforInSbmaterial in the temperature range of 300 – 700 Kand magnetic
induction 1 Т is 2.8 %.
Keywords: gyrotropicthermoelement, magneticfield, thermoelectricmaterial.
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During the last half of decade, great research efforts,followed by technological advances have
increased the power conversion efficiency (PCE) of perovskite solar cells (PSCs) to over 22% now[1].
However, the main drawbacksrelate to the stability issues that still require intense efforts,before they can be
mass-produced. Other main concerns aim at improving the quality of the perovskite film and its capacity to
absorb light and precise control ofits interfaces in the device.
In general, the metal halide perovskite is represented by the ABX 3 formula, where A is monovalent
cation, most common being the organic methyl-ammonium (MA+),B is a divalent metallic cation, here the
ubiquitous Pb2+, and X the halide anion (Cl-, Br-, or I-).Our strategy involved the development of perovskite
solar cells by improving the crystallinity of the perovskite filmsthrough organic cation engineering. We
systematically investigated the A-cite formulation of MAPbI2.4Cl0.6 with imidazolium (IA)organic cation by
gradually replacing the MA with IA, until full replacement of MA.The synthesis of IM and IMPbI2.4Cl0.6
starting from C3N2H5I(IMI) and PbI2 was realized in house by a facile and low cost approach, based on
reverse temperature crystallization, reported elsewhere for the synthesis of MAPbI 3 (MA-methylammonium)
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[3]. We thoroughly investigated the properties of the mixed organic cation perovskite films by AFM, XRD,
UV-Vis and their influence in solar cells devices.
MAPI = CH3NH3PbI2.6Cl0.4
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Fig 1. X-ray diffraction pattern of MA1-xIAxPbI2.4Cl0.6 films
[1] M. A. Green et al., “Solar cell efficiency tables (version 50),” Prog. Photovoltaics Res. Appl., vol. 25,
no. 7, pp. 668–676, 2017.
[2] G. A. Nemnes et al., “Normal and Inverted Hysteresis in Perovskite Solar Cells,” J. Phys. Chem. C,
vol. 121, no. 21, 2017.
[3] M. I. Saidaminov, et al., Nature Communication, (2015) 6:7586
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Poly(3,4-ethylenedioxythiophene) polystyrene sulfonate, in short PEDOT:PSS, is one of the most
common conducting polymers in organic electronics. It consists in a mixture of two ionomers andit is
commercially available as a water based formulation. Its ease of processing is accompanied by the high
conductivity and high optical transparency, mechanical flexibility and most importantly, it has enabled low
temperature electronic device fabrication, hence flexible plastic substrates use. Due to its versatility and
unique properties, it is omnipresent in perovskite solar cells with planar geometry as both electrode and ptype layer.However many fundamental aspects of charge carrier transport in these materials are still not fully
understood.To increase the electrical of PEDOT:PSS the aqueous suspensions need to be mixed with polar
solvents, therefore the conductivity increases with two orders of magnitude from 1 S/cm (for the original
formulation) [1].
Our work was focused on the study of the pristine formulation of PEDOT:PSS PH 1000 in
comparison to the modified PEDOT:PSS with 5% wt dimethyl sulfoxide (DMSO) in its solution state,
followed by thermal treatment of the spin-coated films, to improve its electrical conductivity. The
mechanism of the improvement was investigated by field emission scanning electron microscopy (FESEM),
atomic force microscopy (AFM) and X-ray photoelectron spectroscopy (XPS).
[1] D. A. Bernards, D. J. Macaya, M. Nikolou, J. A. DeFranco, S. Takamatsu, and G. G. Malliaras, J. Mater.
Chem. 18(1), 116–120 (2007)
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PARAMETERIZATION OF ACTIVE FAULTS FROM THE SOUTHWEST OF
SOUTHERN CARPATHIANS
Mihail DIACONESCU1, Cristian GHITA1,Eugen OROS1, Andreea CRAIU1, Iren-Adelina MOLDOVAN1,
Eduard Gabriel CONSTANTINESCU1
1
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This paper highlight the active fault from the Southwestern part of the Southern Capathians, nearby
the Danube river. The areal is defined: to the south vest by Moldova Veche village, to the north westby the
Resita city, to the north east by Obarsia Closani village and to the south east by the Orsova city. We used a
dataset of wel-constrained focal mechanisms solutions of moderate earthquakes. The area is one the the most
active crustal seismogenic source of Romania. It is characterized a 1) high level of crustal seismic activity
with Mw=5.7, 2)complex geotectonic setting with large neotectonic grabens and thrust faults belonging to the
tectonic domains of the Getic, Supragetic and Danubian nappes and 3) a stress field controlled by regional
and local sources.Oros et al., 2016 shows that the stress field obtained through formal inversions of the focal
mecansims solutions a SHmax oriented NE-SW parallel to the regional first order compression governed by
Africa-Europe collision (Adria Microplate pushing). The distribution of seismogenic faults, reverse and
strike-slip, outlined a dominat E-W oriented compression and N-S-oriented extension with local variations
toward West and East.
As active fault we indentified Cerna fault, Moldova Veche-Resita fault, and thrust of the Getic nappe
over Danubian Domaine. For parametrization of these faults we use Wells and Coopersmith (1994) formulas
for length, wide, depth and maximum magnitude, and Haiyun and Xianxin (2003) and Hanks and Kanmori
(1979) for slip along fault.
Acknowledgements:This paper was carried out within Nucleu2018 Program,CYRRUS PN 1815 01
01 Project, supported by ANCSI.
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In the proposed study is presented the new Romanian radio monitoring system and the data recorded
by the two Elettronika receivers are processed and anomalies are correlated with the preparation stage of
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earthquakes with ML larger than 5.0, occurred in Vrancea zone in the last five years, and felt on the extraCarpathian area and also of the European damaging earthquakes with ML larger than 6.0.
The Romanian radio receivers belong to INFREP European Network operational in Europe since
2009. The receivers, realized by an Italian factory, can measure the intensity of 10 radio signals in the VLF
(10-50 kHz) and LF (150-300 kHz) bands. The magnetic antennas working with the receivers are designed
and implemented in Romania.
During the last years, in Romania was observed an increased seismic activity with five largely felt
earthquakes occurred in Vrancea seismogenic zone (September and December 2016, February, May and
August 2017), but only the last one occurred after the installation of the second Romanian receiver. Also in
2014 was the largest recorded crustal Vrancea Earthqauke (November 22th, 2014, ML=5.7). In the same
period in Europe occurred 12 earthquakes with magnitudes larger than 6, including the seismic damaging
sequence from Italy August and October 2016.
The Ionospheric TEC (Total Electron Content) variations are also analyzed using observations from
the Global Navigation Satellite System (GNSS) aiming to detect potential ionospheric anomalies related to
these events and describe their characteristics.
Acknowledgements:This paper was carried out within Nucleu 2018 Program CIRRUS PN 1815 01 01
Project supported by ANCSI
Keywords: Seismogenic zones, TEC, earthquake precursors, radio waves
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EXPOSURE TO 50HZ SINUSOIDAL MAGNETIC FIELD MODIFIES THE DRINKING
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Magnetic field is considered as an inescapable environmental factor that has significant biological
effects. Continuously development of technology led at presence in the environment of the multiple types of
static or variables magnetic fields sources. Consideration of the environmental impact of magnetic field
includes possible biological effects on all living systems. A lot of research studies have shown that exposure
to magnetic field has influence on a large variety of cellular functions; nevertheless the influence
mechanisms of it are not yet obviously understood [1]. Magnetic fields are supposed to act directly on water
molecules. Water is the most important and common material present in natural tissues and all organisms
have need water to their development. The impact of 50Hz sinusoidal magnetic field on drinking water
properties was study. 120ml containers with drinking water, coming from a local fountain, were exposed one
by one to a homogenous 50Hz magnetic field with magnetic flux density of 3mT and respectively, 5mT for
different exposure durations between 5 and 25 hours, in the central place of Helmholtz coils system [2]. The
electrical conductivity, hardness and visible absorbance spectrum compared with the control sample have
explored. All parameters analysed were changed shown that 50Hz magnetic field presence influences the
properties of drinking water for different magnetic flux density values as well as different durations of
exposure.
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THE INFLUENCE OF 600MHz RADIATION AT VARIOUS SPECIFIC ABSORPTIONS
ON MITOTIC DIVISION PROCESS OF ZEA MAYS SEEDS
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In the last years the electromagnetic pollution became one of the most significant environmental
influence factors due to enhanced development of communication technologies, of industrial and military
activities which involve radiofrequency radiation use. The aim of the present work was to investigate the
genotoxic influence of radiofrequency radiation at specific absorption of energy between (0.3-10.6) J/kg on
Zea mays seeds uniformly exposed in controlled conditions. Groups of fifteen seeds were sequentially
exposed at 600MHz continuous wave for different durations (5-180) minutesin a transverse electromagnetic
cell (TEM) fed by a signal generator and for which the differential power technique enabled experimental
absorbed power determination in the vegetal sample. Dosimetric analysis, both by simulation and by
measurement, was conducted over the experimental configuration of irradiation. After electromagnetic
exposure seeds were let to germinate for cytogenetic analysis. The mitotic- and chromosomal aberrations
indexes were determined. A wide range of abnormal mitotic stages was detected in cells of exposed seeds in
comparison with the control (Fig.[1]). Quantitatively, slight stimulatory effect on mitotic division process,
expressed by an enhanced percentage of dividing cells, for all exposed samples was revealed, while lowered
level of induced chromosomal aberrant cells percentage (up to 1.38%) was also found. The aberrations
percentage and mitotic index increased in time-dependent manner on exposure dose.
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Fig. [1]. Some example of aberrant cells found in root tips cells of exposed seeds of Z. mays: (A) – anaphase
with chromosomal bridges, (B) anaphase with ring chromosome and vagrant chromosome; (C) anaphase
with vagrant chromosome; (D) – polynucleated interphase.
Keywords:electromagnetic radiation; radiofrequency dosimetry; mitotic division; chromosomal aberrations;
non-thermal effect.
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The paper presents an evaluation of the active stress and strain fields in the western part of Romania
obtained through a qualitative analysis of published and new data about geology, tectonics, seismicity, stress
and strain tensors, focal mechanisms, lithospheric structure, GPS velocity field and recent vertical
movements. The main target of the study is to obtain useful information about the causal relationship
between stress - strain and seismicity, with impact on the seismotectonic zonning and seismic hazard
assessment. The stress field computed for the Intra - Carpathian Region through formal inversion of the focal
mechanism solutions is characterized by a regional NE - SW oriented SHmax, comparable with the
compressional stress order I which is governed by the counterclockwise rotation and N - NE directed
indentation of the Adria Microplate. Local stress sources appear to control the in-situ stress and thus it results
a perturbed stress field characterized by rotations of the regional SHmax and significant changes in the stress
regime from one compressive in the N-NW to one pure extensive in the South. The present - day surface
deformations are reflected in GPS velocity models that are obtained from literature. They can be shortly
described by 1) an average 1 - 1.5 mm/year velocity that diminishes to N, NE and E within Intra - Carpatian
region, 2) two opposite directions of velocity vectors and 3) two zones with high horizontal gradient of
recent vertical movements. The velocity vectors locally correlate with SHmax which is computed for the
seismogenic structures characterized by compressive stress regime or with Shmin computed for zones with
extensive stress regime. The correlation of these parameters vary from parallelism up to almost
orthogonality. There is also a good correlation between surface deformations, tectonics and seismicity. Thus,
we noted large displacements along the Serbia - Romania Border near to major fault systems and epicentral
zones with high seismic activity (Mw > 5.0). We found that 1) two main domains with different crustal stress
- strain conditions can be described and they could be associated with Pannonian and GetoDanubian
geodynamic blocks, 2) stress and strain fields show a spatial relationship emphasizing different intracrustal
deformations (shearing, intracrustal detachment, rotations of crustal blocks), 3) surface deformations
correlate with the seismic activity and 4) the SKS-wave splitting directions are generally comparable with
kinematic T-axes suggesting some particular strain conditions in the lithosphere, whose elucidation requires
studies of high resolution.
Acknowledgements:This paper was carried out within Nucleu 2018 Program CIRRUS PN 1815 01 01
Project supported by ANCSI.
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Throughout the history, the ornaments made to be worn accompanied the human development,
representing an important source of information regarding various cultures habits and technology. As those
objects are made from durable materials, we now can evaluate the techniques and materials used to create
them. The oldest known jewelry were discovered in the Siberian region Altai, dating to the Denisovan
occupation [1].
The study of such objects, even though can provide invaluable information, should meet some critical
criteria, one of the most important being the non-destructive character of the techniques used [2].
The objects selected for the study (figure 1) represents jewelry from the ealry XXth century.

Figure 1. The four ornaments selected for the study
While objects A and B represents jewelry forged in the XXth century, objects C and D have a very
different history. The objects themselves represents Roman coins (sample D having a high numismatic
value) transformed into ornaments: sample C was part of a bracelet, being added a silver ring on the reverse
and other silver joints; sample D was transformed into a brooch by adding a silver needle on the reverse.
The objects were studied using eclusvely non-distructive techniques: optical microscopcy, X-ray
fluorescence, X-ray diffraction and Particle-induced X-ray emission.
References:
[1]. E. Kenny, E. Gackstetter Nichols, Beauty around the World: A Cultural Encyclopedia, ABCCLIO, LLC, USA (1969).
[2]. I. Fierascu, R.C. Fierascu, A. Ortan, D.A. Mirea, C. Morarescu, Rom. Rep. Phys. (2018), in press.
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project SoVaReX, Contract No. 10PS/2017, from the Sectorial Program – Romanian Ministry of Research
and Innovation.
Keywords: archaeometallurgy; metallic objects; non-destructive characterisation.

198

S5 – Engineering and Industrial Physics

S5 P33
EFFICIENT MONITORING OF THE ENVIRONMENTAL FACTORS IN DATA CENTER
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400293 Cluj-Napoca, Romania
Lately, in addition to monitoring the loadings of computing systems, it started to monitor the
environmental factors (ambient temperature, humidity, air conditioning systems, etc.), beeing developped
researches in this domain [1-3].
In Data Center of INCDTIM it is possible to monitor the ambient temperature and humidity, now,
but the number of sensors is insufficient. In the present work, the number of sensors is increased with 12
sensors, which are placed in key points, in uncovered areas, completing existing sensors. The new system
allows monitoring physical parameters in the data center, recording data for longer periods, and correlating
them with the computer's job load. On the other hand, a software system for monitoring the computing
systems from the point of view of their usage / loading is implemented.
The electricity consumption is also follows, using a digital power meter type UPT-210 (built by
Algodue Elettronica, Italy).
Increasing the number of system sensors will increase the accuracy of hot zone determination within
Data Center. This information will be further used to implement concrete measures that will make the
cooling system more efficient, ensuring both a better functioning of the computer systems and energy saving.
Keywords: monitoring, Data Center, temperature, humidity.
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The solar radiation affects the life on Earth and it is important in meteorology, climatology, solar
energy, agriculture, hydrology and seismilogy, too. The Sun warm the earth which reflect a part of energy.
An effect of tectonic stress is the increases the ground temperature that is radiated into atmosphere. We study
the possibility to use the variation of reflected enery in correlation with seismicity, radon concentration, CO 2
emmision, ULF radio waves, telluric currents, air ionisation, temperature in borehole and acoustic noise. In
this case the solar radioation is a precursor factor. This research is important for study the effects of climate
change. Analysing the solar energy buget we find information about the atmosphere: aerosols, ozone,
sulphure dioxide, carbon dioxide, nitogen dioxide and pollution. Our multidisciplinary network
(AeroSolSys) monitors Vrancea, a Romanian area characterized by deep earthquakes. For this study we use
two stations, Plostina and Vrancioaia, where we have a net radiometer and a pyranometer. The first sensor
includes two pyranometers (up and low) and two pyrgeometers (up an low), a Pt-100 and a Thermistor. The
spectral range covers both the Solar Radiation, 0.3 to 3 micrometers, and the Far Infrared Radiation, 4.5 to
42 micrometers. In this case we measure and determin the temperature of sensor necesseary for
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pyrgeometers, pyranometer short-wave radiation up and low EyU - EyL, pyrgeometer long-wave radiation
up and low EgU - EgL, Albedo, net solar radiation NSR, net far infrared radiation NFIR, net total radiation
NTR, sky temperature SkyT and, land surface temperature LST. In Vrancioaia we have a pyranometer with
range 0.3 – 2.8 micrometers and maxim 1600 W/m2. Two video cameras monitor the sky and the
measurement are correlated with meteorological equipment installed in each location. We use information
about solar activity from NOAA satellites. The humidity of ground is important in energy budget and it is
estimated from meteorological data and telluric currents. The interval of analysis is 3 hours, between
2016.01.01 – 2018.04.30. It is difficult to notice the effect of tectonic stress since the daily and seasonal
variations of solar radiation are high but global warming is obvious. Solar radiation monitoring help us to
understand other phenomena like radon emission or air ionization.
Key words: solar radiation, solar budget, earthquake forecast, multidisciplinary analysis
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Culturalheritage sites, including archaeological objects, have special value due to their uniqueness
and antiquity, being the main source of information about the past of mankind. Therefore, the involvement of
modern methods of non-destructive testing for research is the most justified.One of the progressive methods
of nondestructive control, for the study of structural features and internal macro-heterogeneity of
archaeological objects, is the method of neutron radiography, which is to obtain neutron images of the
research objects. The difference in neutron absorption cross sections for different elements allows
visualization the internal distribution of inhomogeneities of the materials under study. A particular case of
the neutron radiography method is neutron tomography, in which the volumetric model of the studied sample
is reconstructed from a set of individual radiographic images obtained at different angular positions of the
sample relative to the direction of the neutron beam [1].
It should be noted that, at the present time much attention is paid to the unique research of physical
and chemical processes in archaeological remains, associated with the penetration of corrosion or various
salts in the thickness of different materials, and the definition of different technologies for the production of
human products [2].
The report is devoted to the presentation of the results of studies of archaeological objects, conducted
at the facility of neutron radiography and tomography of high-flux pulsed reactor IBR-2 [3,4]. The
possibilities of further application and prospects of these methods are also discussed.
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Digital technologies have remodeled customer views about the services and interactions they expect
from public service providers such as health, transport, energy, and administration. In the energy sector, 21st
Century customers are probably expected beyond high-quality, personalized services that are available 24
hours a day and also through mobile and / or social media.
The energy sector has adopted digital technologies for a long time in the context of technical
applications, such as simulation, product design, monitoring, control, planning, markets, forecasting, etc.
This has enabled industry to improve service quality and reduce costs. Many of these applications have been
developed over the years as the best solutions for particular problems and are often isolated in silos-based
applications and data.The energy sector currently includes major changes in the shift towards a low-carbon
future and is confronted with a wide range of major issues. The supply and balance of the system will no
longer be based on large dispatchable power plants, but rather on variable renewable sources that must be
balanced with a combination of distributed generation, demand response, storage and interconnections. The
system will become more decentralized with a multiplication of millions of distributed energy sources and
active consumers, many of which are connected to distribution networks. Customers will become more and
more active and manage a combination of generation, use and storage; new models of use will come from
electric vehicles and electric heating; customers will be organized in the energy communities. New
stakeholders, such as aggregators and energy service providers, will have increasing roles, while new ones
will be needed from existing actors.
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Due to increasing interest in green building materials and the ability of the brick industry to reuse byproducts from multiple manufacturing processes, substantial research has been conducted to highlight the
impact of additions on fired clay bricks. Although many papers study the effects of adding different byproducts have on the brick’s final mechanical and thermal characterisics, only the effect of the generated
porosity is investigated. The majority of industrially produced bricks are hollow bricks, consisting of thin
walls (<10 mm) separating cavities of differing shapes and sizes. The particle size distribution of the
additions can seriously influence the product’s final mechanical strength since the pores formed by the pore
forming agents can act as crack initiation sites.
The present study investigates the effect of adding different size fractions of the same pore forming
agent (sawdust) on the material’s compressive strength. For this we mixed yellow clay, grey clay in a 70/30
ratio and sawdust (15%) as the pore forming agent. The clays originated from the Recea region in the northwest part of Romania. The sample’s (dimensiuni) were dry pressed at 20MPa in a steel mold, oven dryed at
90ºC for 2 h and fired at 900 ºC.
Fired samples were characterized according to technical standards for water absorption, total
shrinkage, loss of ignition, porosity, density and compressive strength. Phase transormations were evidenced
by a combination of DTA-TG-MS analysis and X-ray diffraction. Pore size distribution was measured by
201

S5 – Engineering and Industrial Physics

two complementary techniques: image analysis and mercury intrusion porosimetry. The morphology and the
local chemical composition was determined by SEM-EDX on a Jeol 5600LV microscope.
Keywords: clay bricks, pores size, mechanical properties.
Acknowledgments This work was founded by the Romanian National Authority for Scientific Research and
Innovation, CNCS/CCCDI – UEFISCDI, project number PN-III-P2-2.1-BG-2016-0203.
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DESIGN OF A CRYOGENIC DEVICE FOR SOLID NEON DEPOSITION
ON A POSITRONS SOURCE FOR ELI-NP PROJECT
Ion DOBRIN1, Nikolay DJOURELOV2, Dan ENACHE1,Andrei DOBRIN1, Iuliu POPOVICI1, George
DUMITRU1, Camelia BOGDAN1
1

2

National Institute for Research and Development in Electrical Engineering ICPE-CA,
Horia Hulubei National Institute for R&D in Physics and Nuclear Engineering IFIN-HH

The present work refers to a cryogenic system designed to generate the deposition of a thin layer of
solid neon on a positron source intended to be used for ELI-NP project experiments[1]. The solid neon acts
as a moderator/booster for the positron production rate. The cryogenic system consists mainly in a GiffordMcMahon (G-M) closed cycle cryocooler with two cooling stages: 1 st stage at 50K and 2nd stage at 4,2K, a
vacuumed cryostat (0,001 mbar) for the insulation of the cryocooler - positrons source ensemble and a
temperature controller of the sample support (positron source). The thermal behavior of the system is
evaluated by numerical simulations in Comsol Multiphysics, taking into account the thermal conduction and
thermal radiation phenomena at low temperatures. The thermal loads of the the two stages of the G-M
cryocooler are also computed. The physical conditions for neon solidification are also analysed. Figures 1
and 2 refers to the CAD view of the cryogenic system with the positrons source and the thermal profile of
this system.

Fig.1. CAD view of the cryogenic system and the
positrons source

Fig. 2. Temperature distribution inside the
cryogenic system and positrons source

Acknowlegements. The authors acknowledge the funding for this research, the ELI-RO program
under contract E27/2016.
Keywords: cryogenic cooling, cryocooler, solid neon, positron source
[1] N.Djourelov et all., Positron production by gamma beam at ELI-NP., Romanian Reports in
Physics, Vol. 68, Supplement, PS735-S797, 2016.

202

S6 – Topics in Education Research

ABSTRACTS
S6 – Topics in Physics Education Research
 Physics curriculum design
 Active learning techniques
 Classroom teaching, demonstrations and laboratory experiments

203

S6 – Topics in Education Research

S6 O1

PHYSICS WEBINARS IN SUPPORT FOR STEM DISCIPLINES
Dragos TATARU1, Bogdan POPOVICI2,3, Vasile BERCU2, Roxana ZUS2, Mircea ZUS4, Mircea
BULINSKI2,
1

National Institute for Earth Physics,
University of Bucharest - Faculty of Physics,
3
Horia Hulubei National Institute for Physics and Nuclear Engineering,
4
Constanta Maritime University
2

In the framework of the Erasmus ERIS project (Exploitation of research results in school practice –
www.eris-project.eu ) a set of 30 educational packages have been developed, tested and freely made
available for pre-universitary school teachers on the project website. The aim was to increase the interest of
students in junior high and high schools in STEM and to sparkling the young students interests in pursuing a
science universitary path.
ERIS packages are focused on various topics, e.g.: meteorology, earthquakes, elementary particles,
etc, most of them many of which are dealt with in disciplines such as physics, geography, geology, etc. They
use freely available research databases or results published online, which may be analyzed by pupils with the
help of instructions prepared by scientists.
In terms of activities ERIS project was divided into 2 parts: testing phase and dissemination phase. In
the testing phase teaching materials had been developed, in national languages and in English. Packages had
been tested in a number of chosen schools in each project partner country. Feedback from participating
teachers was requested and analysed and packages have been adapted to the needs of end-users, teachers and
students, taking also into account the need analysis collected at the beginning of the project. In the
dissemination phase all interested schools in partner countries, but not limited to, had the opportunity to take
part in the project. They used prepared packages during their lessons and took part in the webcasts of online
lessons conducted by scientist in national languages and English. Such virtual meetings with scientists gave a
closer look at the specificity of scientific work, the measurements and research in the field of science.
As any initiative aiming to be considered a good practice in the field, an important activity was
represented by the impact assessment, focusing especially on the delivered results (ERIS educational
packages) and, as much as the short period of implementation allows it, the changes in students and teachers
perception on science as future career opportunity and way to deliver important concepts.
Keywords: physics curricula, STEM, webinar, education.
S6 O2

ERIS. A PEDAGOGICAL REVIEW
Anca POPOVICI1, Cosmina MIRONOV1
1

University of Bucharest - Faculty of Psychology and Educational Sciences

Globally, research activities are more and more being conceived as activities integrated directly into
social development and as a driver of innovation, in the context of increasingly interconnected and
interrelated scientific and professional domains. Education is an area of major interest for society to which
many professional categories bring their expertise, and whose adaptive, continuous and innovative
development will trigger the success of future social and scientific advancements. The relationship between
research and education is predominantly unidirectional, the latter being regarded as a human capital provider,
but in the context of new dynamics, the reverse relationship gains new dimensions by strengthening
traditional links at the university level and initiating some at pre-university level.
The analysis of connections between disciplines and professions shows that interest in a certain
discipline of study can increase interest in different professions. Also, interest in a particular profession can
enhance the understanding of a discipline. European studies [1, 2] on the challenges of STEM education
(science, mathematics, engineering, technology) draw attention to the negative perceptions and stereotypes
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related to the STEM field and its role in society, but also to the lack of inspirational models, low involvement
and motivation for related careers.Thus, educational activities through the involvement of researchers can
contribute to increasing the impact of STEM education, on the attractiveness of study fields and professional
activity and, implicitly, increasing the visibility of research activities and results.
The ERIS project [3, 4] aims to augment the interest of secondary school students in science, as well
as to choose a scientific career while narrowing the gap between the two worlds – school and scientific
research. This was done through the development, pilot implementation and dissemination of 30 educational
packages and methodological materials that enable exploitation of research results in Poland, Romania and
France. This article aims to present the content and impact analysis of this initiative that has been carried out
in more 100 webinars with students. In this paper we present the conclusions of the pedagogical analysis of
the delivered packages and of the learning experiences proposed in this project, based on a questionnaire
addressed to the teaching staff. The ultimate goal of this approach is to provide consistent recommendations
for subsequent initiatives in the field and which can be structured in the form of a methodology that can
guide similar actions by researchers indifferent fields interested in transferring knowledge to the educational
area.
Keywords: STEM education, webinars, research results, impact evaluation.
References:
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World Economic Forum, ‘The Global Competitiveness Report 2015–2016’. Disponibil la:
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DIGITAL COMICS: REVIVING SCIENCE EDUCATION
Dana CRĂCIUN1, Mădălin BUNOIU 2
1

Teacher Training Departament, West University of Timișoara, 4 V. Pârvan, Timișoara, Romania,
2
Faculty of Physics, West University of Timișoara 4 V. Pârvan, Timișoara, Romania,

The Romanian science education reform is targeting a real literacy in science and technology among
all students during the compulsory education. Writing, talking, and reading about science are desirable goals
of scientific literacy, but also ways of achieving it [1]. On the other hand creative learning activities based on
ICT tools aim at increasing students' interest in sciences both during formal and non-formal education [2].
In this context, the use of digital stories and, in particular, of web based comics, can be a suitable
medium for science education and communication for the young generation [3], a Net Generation, which has
grown up in an environment in which they are constantly exposed to computer-based technology.
Digital comics can be used at different ages to develop higher order skills (for problem-solving,
argumentative and critical thinking), to acquire scientific knowledge, to identify and remedy misconceptions,
or to change the attitude of students by enhancing students’ motivation for learning science [4].
In this article, we describe and analyze how ICT-based activities incorporating web based comics and
other visuals can facilitate the learning and understanding of specific concepts, how they can aid in
explaining studied phenomena, and how they can be part of a formative assessment. We present how such
activities can be successfully designed and implemented. In this regard, we provide example activities done
by the students from the Faculty of Physics which are also enrolled in the pre-service teacher training
program offered by the West University of Timisoara. Additionally, we present the ICT tools used for these
activities and the feedback we have received from both pupils and teachers.
Keywords: science education, creative methods, ICT tools, digital comics.
1. Ritchie S. M. , Tomas L., Tones M. (2011). Writing Stories to Enhance Scientific Literacy, International
Journal of Science Education, 33:5, 685-707
2. Crăciun D., Crăciun P., Bunoiu M. (2016). Digital storytelling as a creative teaching method in
Romanian science education, AIP Conference Proceedings 1722, 310001 1-4 (2016).
3. Tatalovic M. (2009). Science comics as tools for science education and communication: a brief,
exploratory study, Journal of Science Communication 8(4) A02.
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4. Farah, N.A., Syamsul, B.Z., Norshuhada, S. (2014) Exploring digital comics as an edutainment tool:
an overview. In: Knowledge Management International Conference, pp. 589–594.
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FROM TRADITIONAL TO MODERN APPROACH IN
THE STUDY OF PHOTOSYNTHESIS
Cristina IANCU, Claudia G. CHILOM
Department of Electricity, Solid Physics and Biophysics, Faculty of Physics, University of Bucharest,
Măgurele, Romania
Photosynthesis, one of the most important processes on Earth, allows plants to extensively convert light
energy into chemical energy. This complex process, studied especially in Biology classes, starting from the
middle school to high school, is not easily understood by the students, mainly due to the fact that it cannot be
directly perceived. In order to assimilate the scientific background of photosynthesis, the role of chlorophyll
molecules as light harvesting antenae, of the light as the energy source, and of CO2 as the carbon source for
plants, the middle school teachers use two types of methods: traditional expositive methods and new
pedagogical approaches, that are alternative efficient and attractive solutions of photosynthesis study. One of
these methods is the project-based design approach, using specific experimental activities. In this project, the
students are encouraged to work together, forming a team, to discover the importance of principles and
processes of the photosynthesis. By simple and intuitive experiments, the students are expected to discover
and understand the basic concepts underlying photosynthesis which may lead to an increased confidence in
their ability to know and discover themselves new areas of knowledge. Activities such as group discussions,
laboratory experiments, and concept mapping may be effective methods for teaching such a difficult but
challenging concept like photosynthesis.
Key words: photosynthesis, project-based design, middle school.
References:
1. C. Iancu, C. Chilom, Discovering Photosynthesis by Experiments, Romanian Reports in Physics, 68, 3
(2016).
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ANALYTICAL READING
Mirela Pisaltu
„Emil Racovita” High School Techirghiol, Constanta, Romania
The analytical reading method that I adopted in my analysis is a holistic reading that deals with the
text exhaustively, by combining the three levels of analysis:
- the level of statement( lexical analysis, morphological and syntactic)
- the level of utterance( text analysis as a discourse:" who sees?", " who speaks?", "to whom?")
- the level of latent structures( the analysis of semantic structures).
"To read" becomes to "build meaning", in other words, to transform text elements into significant
clues, on departing from an initial hypothesis that brings an opening and orientation to the activity.
Therefore, the significant clues are subordinated to an operational hypothesises, yet, they allow the creation
of new hypothesises of meaning as well, which in turn, will reveal new significant clues.The reading activity
proceeds by dint of successive tries meant to adjust, as the reading of a text equalises the re-reading of it. The
reading techniques deployed in class and the detailed reading in particular, permit the design of a complex
grid of analysis with criteria such as the focus, the narrative schemes, the spatial temporal frame, the scheme
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of actants, the lexical fields, the temporal system, the semantic organisation, the playfulness of sound, figures
and so on and so forth.
Under normal class - organization conditions, the time element plays an essential role.These grids of
analysis can satisfy the ergonomy of the lesson and activate mental operations at the same time: a systematic
methodological activity will contribute through the development of the students' sense of observation, their
critical attitude, their imagination, their capacity of analysis and synthesis. Moreover, the exploration of the
text bears special importance, as it allows students not only to activate their already- acquired information,
but also to gain new knowledge, to reinvest their assimilated lingvistic elements in other contexts.
On the other hand, the suggested reading techniques will enable the discovery of latent structures
within the text, enabling the students' passage from a superficial level of reading to a deeper one, that will
reveal religious, cultural and other possible connotations.
Key words: reading of a text, grids of analysis, reading hypothesis, in-depth structures.
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TEACHING PHYSICS BY COMPUTER ASSISTED METHODS
Cristina KUNCSER1, Ioana KUNCSER 2
Economical High School “Costin C. Kiritescu”, Bucharest, Romania
Faculty of Physics, University of Bucharest, 077125, Bucharest-Magurele, Romania
1
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Due to the widespread use of the computers and the continuous development of networking systems
that allows sharing of high information content, a major change was possible in the didactic process: the
transition from education based on traditional means to the so called computer-assisted learning. Computer
assisted instruction thus becomes a didactic method imposed by the informational society. It improves the
principles of programmed education in the context of the new information storage and communication
technologies.
The present work deals with the main means and procedures for an efficient computer-assisted
learning process. It will be exemplified how complex physical phenomena can be more easily understood by
using computerized information techniques including remote laboratory, as compared to the use of classical
techniques. Informational techniques allow simulations of physical phenomena, which then can be put in a
playable and easy understandable fashion through attractive and suggestive animations. It will be also
critically discussed how the use of computer in the educational process develops a new pedagogy based on
student-computer interactive logic, different from the one based on the traditional student-teacher direct
interaction. Finally will be presented reasoning for keeping the balance between these two essential
relationships in the student's complete training, avoiding a dehumanization of the student-teacher relationship
but also using new means suitably adapted to the date students leanings.
Keywords: computer assisted learning, simulation-animation, virtual versus real experiment, remote
laboratory.
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INTERDISCIPLINAR EXPERIMENTS AND FIELD TRIPS
FOR HIGHSCHOOL STUDENTS
Narciza TOPOR1
1

“Decebal” High School, Constanta, Romania

School is the organisation that teaches students but it is not the only place and the only way to learn.
School has to be flexible, adaptable, innovative and responsible. In our highschool we try to improve the
teaching experience by interdisciplinar extra-curricular activities carried on in partnership with several other
institutions. The expertise of the specialists involved enrich the scientific and educational value of themes
otherwise considered dull by students.
Our objectives were: acknowledgement of the place of humans in nature and its relationship with,
developing skills for applying theoretical scientific knowledge to every day life to protect themselves and the
environment, augmenting learning and communicating skills in their mother tongue and a foreign language,
perfecting digital competences by using a PC, a photo camera, photo editing software and communication
software.
Activities were held in partnership with The Museum of Natural Sciences and Macin Mountains
National Park Administration. Students participated in seminars, during field trips they received activity
charts where they had to fill in information about distances, identify landforms, geographic orientation,
identification of economic activities in the area. During hands-on experiments students made measurements,
worked on their activity charts and made the necessary calculus. After the experiment they entered the data
in the projects’ platform and had an evaluation test.
In conclusion teachers don’t stop being educators outside of the school perimeters. The
interdisciplinary extracurricular activities we develop in partnership with specialist from different research
institutions are a success from every participants’ point of view (students, teachers and parents).
Keywords: skills, interdisciplinarity, partnership, life.
S6 P4

USAGE OF INTERACTIVE METHODS IN TEACHING BIOLOGY
Adina-Mariana Batrinca
”Regele Carol I” High School, Ostrov, Romania
In the psycho-pedagogical literature, the interactive group methods and techniques are defined as the
ways which are used in school by the biology teacher, in order to support the pupils to discover life, nature,
science.
The modern interactive methods increase the interest of the pupils, regarding the active participation
at lesson. From the interactive group teaching-learning methods’ category, there are: the mutual teachinglearning method; the mosaique, the cube’s method; I know/ I want to know / I learned; the graphic organizer;
the pyramid’s method.
Among the advantages of the interaction between pupils, there are: the stimulation of the effort and
the productiveness of the individual; the development of the pupil’s abilities to work together; the group
work enables the division of the tasks and responsibilities, into parties, much more easier to perform; the
development of skills, abilities and social habits of the pupils; the pupils learn more thoroughly, than the
individual work’s case; the time for the problems’ solving is most of the times, shorter, in the case of group
work.
It is important for the pupils to understand the importance of the interactive methods’ usage at
lessons, in order to increase the pupils’ performance, to avoid the gifted pupils’ remaining behind, and to
avoid the school unsuccess for the pupils who cannot face the educational process, from certain reasons.

208

S6 – Topics in Education Research

By the usage of the interactive methods by the biology teacher, there is targeted the communication
optimization, within the group of pupils, the capacities of the pupils to work together are developed, which is
constituted in an important part for their life and their professional future activity.
The causes which support the interactive methods’ usage are related to the form’s profile, to the
lesson’s chosen type, to the pupils’ psycho-individuals particularities.

S6 P5
TEACHING ENGLISH TO YOUNG LEARNERS
Mocanu Paraschiv Elena
„Emil Racovita” High School Techirghiol, Constanta, Romania
Within the general practice of English teaching, teaching English to young learners occupies a
special place given the group's age particularities that make the teaching activity genuinely unique, due to the
approach focused on the individual child, the contents that are based on a wide range of natural English and
the need for strong motivation from the part of the students. The different roles that a teacher must have: that
of parent, teacher, friend, motivator, coordinator and organiser stem from the special stage of the children's
development, their needs and their interests. Young learners learn best when a lot of involvement is required
from their part, when they are given the opportunity to experience and experiment for themselves and when
their work is valued directly and explicitly. Little room is left for language activities that are done solely for
the sake of teaching language. Instead, whole learning experiences that involve young children's attention are
more desirable, as they will encourage young learners to acquire English in a way similar to that of acquiring
their mother tongue, abundant in a language-rich environment that reflects their actual interests and needs. At
this level, special attention is given to the practice of error correction, reflected in the permanent negociation
between the need for accuracy and the need for fluency. At this early stage of learning English, pupils should
be encouraged to acquire language at their own pace and manner, do activities with practical educational
value based mostly on realia and be involved in natural speech exchanges, work together with classmates and
develop consciousness about the English discourse that surrounds them. Taking these into account, one could
consider as the main objectives of teaching English at this stage are to build confidence in the students,
provide motivation to learn English, encourage ownership of the language, employ any amount of English in
order to communicate, show children that English is fun and encourage them to treat English as a
communication tool not as a mere end product.
Key words: young learners, age particularities, activity-based approach, natural English,
individuality, motivation, confidence, learning experiences, mother tongue, error correction, realia, speech
exchanges, communication tool.
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LABORATORY MEASUREMENTS FOR THE CHARACTERIZATION OF THE
PHYSICAL PARAMETERS OF GEOMATERIALS AND PLANETARY ANALOGUES
Francisca HUSANU1, Georgiana BULAI2, Vasilica TRANDAFIR1, Elena PETTINELLI3, Silviu GURLUI1
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Ice can be found in our Solar System, from the presence of ice water on Mars at the poles, water
vapor in the atmosphere to ice-covered moons and icy crust composed of H2O found on the moons of Jupiter
and Saturn [1]. Sea ice is a thin and solid layer that forms by the freezing of surface seawater and is
characterized by a multiphase structure that includes ice crystals as well as gas, liquid brines, solid salts and
other impurities [2]. Global warming still affects sea ice formation because when the increasingly warming
temperatures melt sea ice, less bright surfaces are available to reflect sunlight back into space. The Solar
energy is absorbed at the surface, and temperatures increase further [3].
The objectives of the experimental work were to determine the electric and magnetic properties of
the sea ice samples and to investigate how these properties vary in function of temperature and frequency.
The sea ice samples were analyzed using a vector network analyzer connected to a three-wire open
transmission line immersed in the saline solution. For temperature measurements, the samples were placed in
a climatic chamber at a temperature of 200K.
For sea ice sample we observed a large variation of the real part of permittivity (ε r) as a function of
the temperature around the eutectic temperature [4]. We also observed that εr increases when decreasing the
frequency. The conductivity measurements showed a greater variation around the eutectic temperature than
the one of the real part of the permittivity.
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INVESTIGATION OF RARE EARTH DOPED COBALT FERRITE THIN FILMS
DEPOSITED BY PLD
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Rare earth (RE) ions can be considered as capable substituents for improving the structural and
magnetic parameters of spinel ferrites [1,2]. In particular, the cobalt spinel ferrite systems in nano form have
been shown to be promising candidate materials for use in the development of sensors and magneto-optic
2

Appendix

devices, due to their chemical stability, large magnetostriction and high sensitivity of magnetization to stress.
RE substituted cobalt ferrite thin films, CoFe1-xRExO4 (RE=Gd, Dy, Yb) , were grown in the same
conditions by Pulsed Laser Deposition method [3]. The powders used for target synthesis were obtained by
coprecipitation and sintered at 1250oC for 5 hours. The resulting disks were placed in a stainless steel
vacuum chamber where a 10-3 Torr base pressure was ensured. The monocrystalline (100) Si substrate was
placed at a distance of 5 cm in front of the target during the 60 min deposition. The Nd-YAG laser (532 nm)
fluence was kept at 5 J/cm2. The effect of RE cation substitution on structural and magnetic properties of
cobalt ferrite thin films was investigated. The structural analysis results obtained by XRD, Raman
spectroscopy and SEM/EDX technique show the influence of the RE concentration on lattice parameter and
crystallinity. Vibrating sample magnetometer was employed to probe the magnetic properties of the
samples at room temperature. It was observed that rare earth ion dopant and crystallite size affect the
magnetic properties of cobalt ferrite thin films. An in-situ plasma analysis was done for all depositions by
fast ICCD imaging and optical emission spectroscopy. The obtained results were correlated to the properties
of the deposited samples.
References
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PARAMAGNETIC CENTERS IN NETTLE LEAFS: AN EPR STUDY
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Paramagnetic centers are commonly present in plants. They are either degradation centers produced by
ROS or other aggressive factors, or paramagnetic ions like iron, manganese, copper. Such low concentration
elements are essential for plant development being involved in the structure of important proteins, in oxygen
transport or photosynthesis. Their concentration is strictly controlled, any deviation (excess or deficiency)
from such values being harmful for plant development. Their concentration is controlled either by uptake
pathway, or by storing them in specific poly-nuclear entities (like phito-ferritins for iron). EPR is a technique
quite appropriate to study such paramagnetic centers due to its sensitivity and specificity of EPR spectra for
different ions.
Native nettle leafs, cleaned and dried in soft conditions, were prepared as fine powders. A rather
complex spectrum was observed, composed of several components with g-factors ranging from 2.00 to 4-6
values. Their temperature dependence was investigated. A sample boiled and then dried was also measured,
evidencing the solubility of some centers in hot water (like phito-ferritin). The origin of these signals was
discussed and associated to different complexes existing in plants.
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