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Abstract: Thin copper selenide films were synthesized on polyamide sheets using the successive
ionic layer adsorption and reaction (SILAR) method at three different temperatures. It was found that
elevating the temperature of the solution led to the creation of copper selenide films with different
features. X-ray diffraction characterization revealed that all films crystallized into a cubic Cuy_,Se,
but with different crystallinity parameters. With elevating the temperature, grain size increased
(6.61-14.33 and 15.81 for 40, 60 and 80 °C, respectively), while dislocation density and the strain
decreased. Surface topology was investigated with Scanning Electron Microscopy and Atomic Force
Microscopy, which revealed that the grains combined into agglomerates of up to 100 nm (80 °C) to
1 um (40 °C). The value of the direct band gap of the copper selenide thin films, obtained with UV/VIS
spectroscopy, varied in the range of 2.28-1.98 eV. The formation of Cuy_,Se was confirmed by Raman
analysis; the most prominent Raman peak is located at 260 cm !, which is attributed to binary copper
selenides. The thin Cu,_,Se films deposited on polyamide showed p-type conductivity, and the
electrical resistivity varied in the range of 20-50 (). Our results suggest that elevated temperatures
prevent large agglomeration, leading to higher resistance behavior.

Keywords: copper selenide; polyamide; SILAR method

1. Introduction

Copper selenide can be formed in various stoichiometric compositions, such as CuSe,
CuySe, CuSe;, CusSep, CuySeyq, CusSey, CuszSes, and non-stoichiometric compositions
Cuy_«Se [1-3]. The stoichiometric composition of copper selenide strongly influenced
its crystalline structure and electronic behavior—it alters its electronic, chemical, and
thermal properties [4,5]. Copper-deficient Cuy_4Se is an intrinsic p-type semiconductor
with direct bandgap energies in the range of 2.0 to 2.4 eV, the work function of 4.17 eV,
and high photo-electrochemical conversion efficiency (~14.6%) [3,5-8]. These features of
Cuy_Se can be used as Shottky diodes [9], self-repairable electrodes [10], and photovoltaic
devices [8]. Furthermore, the Cuy_Se columnar superstructures are used as low-cost and
highly efficient counter electrodes in quantum dot sensitized solar cells [11,12].

Several decades ago, due to concerns about homeland security, medical and environ-
mental monitoring as well as food safety, a large interest was shown in the development of
gas sensors for detecting volatile and toxic gases. Cuy_Se exhibits good sensitivity and
short response and recovery times to Hg?* [13], and organic gases such as ethanol and
acetone [14].
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Abstract

Resorcinol-formaldehyde (RF) cryogels were synthesized by sol-gel polycondensation of
resorcinol with formaldehyde and freeze-drying was carried out with t-butanol. Carbon
cryogel (CC) was obtained by pyrolyzing RF cryogels in an inert atmosphere to 950 °C.
Nitrogen doped CCs (CCN) were synthesized by introducing melamine into RF precursor
mixture solution to obtain nitrogen concentration 2, 6 and 10 wt. %. Material was
characterized by elemental analysis, nitrogen adsorption— desorption measurements, scanning

electron microscopy (SEM), Raman spectroscopy, FT-IR Spectroscopy. Cyclic voltammetry
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Abstract:

In this paper, we present a novel and low — cost method for preparing copper sulfide
films on polyamide. Non-treated as well as pre-treated PAG6 films by 3 different methods (in
boiled water, in NaOH solution; in boiled water and then in NaOH solution) were used for
the formation of Cu,S layers by the sorption-diffusion method. Molten sulfur has been used as
a sulfurization agent. The XRD, FTIR, and UV-VIS methods were used to characterize the
structural, optical, and electrical properties of samples and to track changes in samples after
each treatment stage. The sheet resistance of Cu,S layers depends on the pre-treatment
method and varied from 7 k{¥sq to 6 MCVsq. The optical band gaps (E,) for direct and
indirect transitions are determined to be 2.61-2.67 eV and 1.40-1.44 eV, respectively.
Furthermore, the optical constants n, k, and o are determined from UV-VIS measurements.
Keywords: Thin film; Copper sulfide; Polyamide 6; X-ray diffraction; Optical properties.

1. Introduction

Copper sulfides, Cu,S, x=1-2, are one of the most important compounds of
chalcogenide semiconductor materials due to their low toxicity, versatility, and availability.
They can be used as absorbers and p-type semiconductors due to their excellent electrical,
optical, and structural properties [1-3]. The electrical conductivity of copper sulfides is
decreasing from CuS to Cu,S, direct bandgap values vary from 2.2 to 2.9 eV in Cu,S, 2.1 eV
in Cu, S, and 1.7 eV in CuS [1,4-6].

Copper sulfides are widely applied as thin films and composite materials with
technologically important applications in optoelectronic devices [7,8], sensors [9,10],
photocatalysis [11,12], photovoltaic cells [10,13], for high-energy supercapacitors [14,15],
battery electrodes [7,16,17], and in biomedical fields [18,19]. Recently, they found
application as counter electrodes in quantum dot sensitized solar cells [15,20]. For all these
applications, the material must be highly accessible; therefore, it is very important to identify
simple and inexpensive production technologies on a large scale.

The deposition of a thin layer of copper sulfide on the surface of an organic polymer
is one of the simple ways to obtain electrically conductive films for the manufacture of
electronic devices, because they can change properties from a semiconductor to a metal
conductor. The ability of a polymer to sorb fine particles from a solution provides

) Corresponding author: martina.gilic@fu-berlin.de (M. Gilic)
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Nanocomposite Cu,S on Flexible Polymers: Raman Study
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Abstract

Flexible polymers modified with copper sulfides have emerged as a novel class of materials,
presenting composite structures with remarkable properties suitable for applications in flexible
electronics. This study focuses on the deposition of copper sulfide (Cu,S) layers onto the surfaces of
polyamide and polypropylene through the chemical bath deposition method, employing either 2 or 3
deposition cycles. The objective is to explore the impact of deposition cycles and discern the optimal
conditions for the deposition process. Comprehensive analysis of the Cu,S thin films entails techniques
such as scanning electron microscopy (SEM), Raman spectroscopy, UV-VIS spectroscopy, and X-ray

diffraction to shed light on their structural and optical characteristics.

Keywords: Copper Sulfide, Nanocomposite, Optical properties, SEM, Raman spectroscopy, UV-VIS
spectroscopy, X-ray diffraction
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Abstract: The discovered light modulation capabilities of diatom silicious valves make them an
excellent toolkit for photonic devices and applications. In this work, a reproducible surface-enhanced
Raman scattering (SERS) enhancement was achieved with hybrid substrates employing diatom silica
valves coated with an ultrathin uniform gold film. Three structurally different hybrid substrates,
based on the valves of three dissimilar diatom species, have been compared to elucidate the structural
contribution to SERS enhancement. The comparative analysis of obtained results showed that
substrates containing cylindrical Aulacoseira sp. valves achieved the highest enhancement, up to
14-fold. Numerical analysis based on the frequency domain finite element method was carried out to
supplement the experimental results. Our results demonstrate that diatom valves of different shapes
can enhance the SERS signal, offering a toolbox for SERS-based sensors, where the magnitude of the
enhancement depends on valve geometry and ultrastructure.

Keywords: diatom valve; SERS; surface-enhanced Raman scattering; guided-mode resonance; finite
element method; hybrid SERS sensors

1. Introduction

Since its discovery in 1974 as an outstanding technique for enhancing the Raman
signal [1], surface-enhanced Raman scattering (SERS) is gaining increasing interest due to
its sensitivity, which could enable single-molecule detection [2]. Despite the exponential
growth of publications on SERS, the true mechanism of enhancement is not fully under-
stood, although electromagnetic theory tends to cover all major SERS observations [3]. This
technique is based on plasmonically active substrates, which couple laser photons and
free electrons within these substrates to induce localized surface plasmon resonances (LSP)
and surface plasmon polaritons (SPP) in metallic nanoparticles and the planar metallic
surface with adjacent dielectric interfaces, respectively [2]. This leads to an enhancement of
electromagnetic fields in close proximity to the surface, where the analyte molecules are
adsorbed, consequently enhancing their Raman signal.

In recent years, the sensitivity of the SERS technique has been further improved by
employing hybrid substrates, which additionally incorporate dielectric photonic crystals
(PCs) or resonant gratings [4]. Such structures have a characteristic interaction with light
that can, in a certain wavelength range, obtain a high evanescent field at the surface where
the plasmonic structures are often located and thus additionally enhance the SERS signal.
For instance, in Hu et al. [5], the presence of a resonant 2D dielectric grating led to the
coupling of a guided-mode resonance (GMR) with the LSP, resulting in an improved SERS
signal. Nevertheless, the fabrication of such structures often requires clean-room techniques
that come with high environmental and financial costs.

As an alternative green solution, some biomaterials have been suggested to replace
such artificial dielectric structures in the fabrication of hybrid SERS substrates [6-10].
Among these, diatoms have been proposed as an outstanding source of biosilica with
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Abstract:

Sphene based glass-ceramics (CaTiSiOs), an excellent candidate for a host lattice of
ceramic materials and for nuclear waste immobilization, has been prepared from a powder
mixture of CaCQO;, TiO, and SiO; using vibro-milling for homogenization. Starting powders
were melted at 1400 °C for 2 h, cooled to room temperature, grounded again, then
crystallized by thermal treatment yielding a sphene glass-ceramic. The evolution of the phase
composition during thermal treatment was investigated by X-ray powder diffraction (XRPD),
FT-IR, Raman and thermal analyses (TG-DTA). Pure synthetic single phase sphene was
formed at 800 °C for 4 h, even it is very hard to obtain monophase powder at such low
temperature. Powder morphology was analyzed by scanning electron microscopy (SEM).
Keywords: Sphene; Glass-ceramics; Mechanochemistry; XRPD, TG-DTA.

1. Introduction

Glass-ceramics can be used for various applications, such as thermal, chemical,
biological and dielectric ones. These kinds of materials offer great possibilities as we can
control their properties, including strength, resistance to abrasion and coefficient of thermal
expansion [1]. Another advantage is the simple fabrication process in combination with a
lower production cost [2-5]. The synthesis of the parent glass is an important step in preparing
the final glass-ceramic material because the precursors and their percentage in the glass
composition manage the precipitation of the crystalline phases. The results of this process can
provide glass-ceramic with the desired properties.

Beside the biomaterials field, the glass-ceramics can be used as nuclear waste storage.
They are significantly more durable than borosilicate glasses in a wide variety of leachates at

" Corresponding author: jelena.pantic@vinca.rs
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The polymer nanocomposite ZnS/Poly (methylmethacrylate) was prepared by the solution casting method and
its structural and optical properties were investigated using XRD, SEM, TEM, HRTEM, and Raman spectroscopy.
The basic material, ZnS, has the cubic structure and its crystallite size was estimated to be 2.3 nm, which implies
that a strong confinement regime is in effect. Analysis of Raman spectra was performed using the fitting pro-
cedure based on effective medium theory. As a result, the surface optical phonon (SOP) mode was detected. It

was found that the shape and position of the SOP mode depend on the type of the composite.

1. Introduction

As a semiconductor, the zinc sulfide (ZnS) has gained considerable
attention and is found to be applicable in optoelectronic, electrolumi-
nescent, and blue light emitting diode devices [1-8]. ZnS has two
available allotropic forms - the wurtzite and zinc blende. The crystal-
lographic form of wurtzite is hexagonal, whereas the zinc blende has the
cubic crystallographic structure, is more stable and as such, is more
common of the two. The ZnS in the form of the bulk material has a direct
band gap positioned primarily in the UV region [9,10]. The wurtzite and
the zinc blende forms have the band gaps of 3.77 and 3.72 eV, respec-
tively. The band gap increases with a decrease in size from the bulk to
the nanoscale [11,12]. Since ZnS easily absorbs moisture and oxidizes in
air [13], it is not very stable as a pure compound in the atmosphere.
Therefore, surfactants or capping agents are added to the ZnS nano-
particles to prevent structural transformation and surface reactions.

A nanocomposite consists of two or more different materials in which
at least one of the components has a dimension smaller than 100 nm
[14]. In polymer nanocomposites, the composing elements are an
organic polymermatrix and inorganic components (semiconductors).
Nanocomposites can include three dimensional metal matrix compos-
ites, lamellar composites, colloids, porous materials, gels, as well as
copolymers in which nanosized material is dispersed within the bulk

* Corresponding author.
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matrix. The properties of the nanocomposites depend on their compo-
nents, morphology, and interface characteristic. In order to extend the
area of their potential applications, mechanical, thermal, and electronic
properties of conventional polymer materials had to be improved [15,
16]. As a thermoplastic polymer, Poly (methylmethacrylate) i.e. PMMA
has many excellent properties. Its favorable properties include excellent
transparency and ultraviolet resistance, as well as good abrasion resis-
tance, hardness, and stiffness. Consequently, it is widely used in many
applications, for example in lenses, light pipes, bathroom fittings, sky-
lights, toys, etc. In addition, PMMA is non-degradable and biocompat-
ible, which qualifies it for use in tissue engineering where typical
applications are fracture fixations, intraocular lenses, and dentures [17].

For nanocrystals of relatively small dimensions, surface modes and
the effects of dimension are expected to appear, along with the normal
modes of an infinite lattice. Namely, in the frequency range between
longitudinal optical phonon frequency (wip) and transversal optical
phonon frequency (@tp), a new mode known as a surface optical phonon
(SOP) mode appears.

In our previous papers [18-22] we worked on investigating surface
optical phonons (SOP) in semiconducting nanoparticles or thin films. In
all those cases, SOP appeared because the nano-objects of investigated
materials were well separated in the air.

In this paper we report the synthesis and structural and optical

Received 10 May 2019; Received in revised form 20 August 2019; Accepted 6 September 2019

Available online 9 September 2019
1386-9477/© 2019 Elsevier B.V. All rights reserved.



Physica E 134 (2021) 114923

Contents lists available at ScienceDirect

Physica E: Low-dimensional Systems and Nanostructures

journal homepage: www.elsevier.com/locate/physe

Check for

Surface optical phonon and multi — phonon transitions in YVOyq: el
Eu®" nanopowders

J. Mitri¢ >, N. Paunovié¢?, M. Mitri¢®, J. Cirkovi¢®, M. Gili¢?, M. Roméevi¢?, N. Roméevié

@ Institute of Physics, University of Belgrade, Pregrevica 118, 11080, Belgrade, Serbia
Y Institute for Multidisciplinary Research, University of Belgrade, Kneza Viseslava 1a, 11030, Belgrade, Serbia
¢ Institute Vinéa, University of Belgrade, P.O. Box 522, 11001, Belgrade, Serbia

ARTICLE INFO ABSTRACT

Keywords: In this paper two methods of preparation of yttrium orthovanadate nanopowders were presented: Solid State
Su’f‘f“ optical phonon Reaction (top — down approach) and Solution Combustion Synthesis (bottom — up approach). For starting
ﬁ“lu structural characterization, X — Ray Powder Diffraction (XPRD) and Field Emission Scanning Electron Microscopy
onon (FESEM) were used. We report the change in reflection spectra in europium doped YVO4 nanopowders with
Yttrium orthovanadate . . ) . . . .
Europium comparison to its bulk analog. In UV-Vis reflection spectra we consider the change in values of band gap in these
Infrared spectroscopy structures, after resizing it from bulk to nanomaterial. In Far — Infrared (FIR) reflection spectra, we registered the

w existence of Surface Optical Phonon (SOP) and different multi — phonon processes which alter the reflection
spectra of bulk YVO,. The influence of Eu ions is reflected through multi — phonon processes that occur and are
connected with energy transfer from YVO, lattice to Eu ions. All IR spectra were modeled using classical
oscillator model with Drude part added which takes into account the free carrier contribution. Since our samples
are distinctively inhomogeneous materials, we use Effective Medium theory in Maxwell Garnett approximation

Vis spectroscopy

to model its effective dieletric function.

1. Introduction

Semiconducting nanomaterials, especially nanophosphors have
attracted great attention of researchers, due to their wide spectrum of
applications in industry, technology as well as in fundamental science.
When made in nanorange, phosphor materials exibit enhanced optical
properties as against their bulk counterparts, due to quantum size effects
and increased surface — to — volume ratio. Yttrium orthovanadate is a
widely used red phosphor with many applications in just recent years —
in solar cells [1], cancer treatment [2], biotechnology [3], optical im-
aging [4] etc.

For nanopowders, a valuable tool in the investigation of the struc-
tural and optical changes in a material made due to resizing the bulk
crystal on nanoscale is the optical spectroscopy — in this case specifically
far — infrared and UV - VIS spectroscopy. When excited by UV light,
photoluminescence quantum yield of the europium emission in yttrium
orthovanadate crystal, goes up to 70% [5]. In YVO4Eu®t structure UV
radiation excites the vanadate group, which has the ability of efficient
excitation transfer to the europium ions (Fig. 1).

When irradiated with UV radiation, three major steps occur in the

* Corresponding author.
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excitation and emission process in YVO4:Eu3+ structure. First step is the
absorption of UV light by (VO4)® groups. Then, thermal activated en-
ergy, which comes from the UV excitation source, migrates through the
vanadate sub — lattice, inducing the transfer of excited energy to euro-
pium ions. In the end, strong red (5D0 - 7F2) and orange (5D0 - 7F1)
emission due to de — excitation process of excited europium ions occur
[6]1.

One of the important properties of semiconductors is their band gap.
Studying the band gap of semiconductors is important for interpreting
their structural and optical properties and it is of a great importance
examining its expansion in order to understand their properties. Appli-
cation of semiconductors is in large level determined by their band gap
width. Bulk semiconductors are usually very limited in their application
due to their small and indirect band gap. Bulk crystal is set up of a large
number of atoms and molecules, with a number of adjacent energy
levels, which form bulk electronic bands. With the reduction of particle
size to a nano level, where every particle is made up out of a small
number of atoms or molecules, the number of overlapping orbitals de-
creases, and the eventually width of the band gap of a nanomaterial gets
narrower when compared to bulk crystal (this means that there will be

Received 7 May 2021; Received in revised form 3 August 2021; Accepted 4 August 2021
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Abstract

The rich chemistries and unique morphologies of titanium carbide MXenes, made them
strong candidates for many applications like sensors and electronic device materials. Dur-
ing the synthesis procedure, chemical etching, oxidation occurs and residual materials, like
titanium-dioxide nanocrystals and nanosheets are often present in resulting material. As
titanium-carbide MXenes are suggested to be used as additive in organic polymer matri-
ces for production of nanocomposites, it is essential to consider the presence of the oxides
and other residuals together with MXene flakes in synthesis results, and consequently in
produced nanocomposite. In this study we present structural and optical characterization
of such polymer nanocomposite titanium carbide/PMMA (Polymethyl methacrylate) con-
sisting of Ti;C,, TiC, MXenes and TiC, and TiO, residues of synthesis in PMMA matrix,
as a multicomponent nanocomposite. Using XRD, infra-red and Raman spectroscopy, fol-
lowed by comparative study on the vibrational properties using density functional theory
calculations, we characterize this nanocomposite. Further, the SEM measurements are per-
formed, demonstrating the produced titanium-carbide-based flakes in nanocomposite are
well defined and separated to nanosized grains, allowing us to use Maxwell-Garnet model
to analyse infrared spectrum. This enables us to determine the presence of the optical mod-
ification of polymer matrices corresponding to a volume fraction of 0.25.

Keywords Titanium-carbide nanoparticles - PMMA composite - Multicomponent
nanocompostite
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15 Growth and characterization of calcium
fluoride single crystals

Abstract: The calcium fluoride (CaF,) single crystals were grown using the Bridg-
- man technique. By optimizing growth conditions, <111>-oriented CaF,, crystals
- up to 20 mm in diameter were grown. Number of dislocations in CaF, crystals
~ was 5x 10%-2x 10° per cm?. Selected CaF, single crystals is cut into several tile diamond
saw. The plates were polished, first with the silicon carbide, then with the paraffin oil
and finally with a diamond paste. The obtained crystals were studied by X-ray diffrac-
tion, Raman spectroscopy, far-IR reflectivity and by the measurement of transmission
in the mid-IR range. The crystal structure is confirmed by XRD. One Raman and two
IR optical modes predicted by group theory are observed. In the transmission spec-
tra, except modes originated from vibration of -CH, groups, hydroxyl groups -OH
and KBr, is visible a peak at 671 cm™ assigned to the Ca-F stretching vibrations. A
low photoluminescence testifies that the concentration of oxygen defects within
the host of CaF, is small. The electrical and dielectric properties of CaF, single crystal
were studied.

Keywords: goptical materials, CaF,, Raman spectroscopy, IR spectroscopy, photolu-
minescence

15.1 Introduction

Crystals are the unacknowledged pillars of modemn technology. Without crystals, there
would be no electronic industry, no photonic industry, no fiber optic communications,
which depend on materials/crystals such as semiconductors, superconductors,
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Keywords:

Metal complexes

Crystal structure
Electron-phonon interactions
Light absorption and reflection

Metal complexes with some Schiff bases, as one of the most widely used groups of ligands, have a wide field of
application. In order to find a material with the required optical properties, it is very important to examine the
material characteristics as a function of the type of chelating ligand, metal, and the ions present as coligands. In
this paper, the synthesis of two new complexes of 2-acetylpyridine-aminoguanidine (L) with zinc(II) and cad-
mium(ID), viz. [Zn(L)(NCO)2] and [{Cd(L)ClI(1-NCO)}.] is described. Their structural characterization was pro-
vided by using SC-XRD. Spectroscopic characterization of these two new complexes and two previously
synthesized complexes - [Zn(L)(NSC),] and [Cd(L)Cl,] are performed. Their phonon structure was determined
based on the IR transmission and Raman spectra. The range of Raman modes with significantly increased in-
tensities was registered (1000-1700 cm ™), the same range for all four samples. Also, the registered photo-
luminescence and energy transfers were analyzed and three photoluminescence peaks (Ej;, Es, Es) were
determined. It was concluded that phonons with significantly increased intensities participate in transitions from
the E; state to the energy levels in the range from E; to Es. The strength of the peaks was significantly affected by
replacing one [Cl]” with the [NCO]" ligand. The addition of the second [NCO] ligand increases the photo-
luminescence over the entire measured range. The analysis performed helps to understand the issues related to
the electron-phonon interaction. Also, the perspectives for the application of metal complexes with various li-
gands are expanding.

complexes with some Schiff bases are well known [14]. When we
consider the possible application in medicine, the toxicity of the syn-

1. Introduction

During the last decades, d-block metal complexes attract great
attention not only because of their application in medicine but also due
to their optical properties. Although some of these compounds were
originally synthesized for medical purposes [1,2], their luminescence
properties provide the opportunity for the application as organic
light-emitting diodes (OLEDs) [3-9], sensors, light-emitting electro-
chemical cells [10,11], etc. Literature data show that complexes with
iridium, platinum, ruthenium, and other rare transition metals showed
very pronounced luminescence properties [3,7-9,12].

Schiff bases, compounds with the general structure RjR>C = NR’* (R’
+# H), are one of the most widely used groups of ligands. Schiff bases of
aminoguanidine, as well as 2-acetylpyridine, are widely studied since
their biological activity was proven [13].

The optical properties, i.e., the luminescence of d-block metal

* Corresponding author. Institute of Physics, Pregrevica 118, Belgrade, Serbia.
E-mail address: romcevic@ipb.ac.rs (M. Romcevic).

https://doi.org/10.1016/j.optmat.2023.113445

thesized compounds is a very important characteristic. Due to the bio-
logical significance and biocompatibility of zinc, complexes with this
3d-metal are widely examined. But, for the application in optical de-
vices, the limitations are not so strict and it is possible to consider some
other d-metals.

In order to find a material with the best possible properties, it is very
important to examine the material characteristics as a function of the
type of chelating ligand, metal, and ions present as coligands. For that
purpose, we have previously synthesized and investigated the optical
properties of the first compound of Zn(II) containing pyridox-
ylideneaminoguanidinium (PLAGH),[ZnCls] [15], where PLAGH is the
cation of the Schiff base of aminoguanidine and pyridoxal. Also, two
complexes of Zn(II) and Cd(II) with 2-acetylpyridine-aminoguanidine
(L) [Zn(L)(NSC)2] [16] and [CA(L)Cly] [17] were synthesized and
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Effect of Deposition Cycles on the Properties of Copper Sulfide Thin Films
Deposited by CBD

M. Gilié¢ 12, R. Alaburdaité?, E. Paluckiené®, N. Petrasauskiené’”
nstitute of Experimental Physics, Freie Universitct Berlin, 14195 Berlin, Germany
’Institute of Physics Belgrade, 11080 Belgrade, Serbia
3Department of Physical and Inorganic Chemistry, Kaunas University of Technology, Radvileny 19, LT-50254 Kaunas,
Lithuania
*Corresponding author, e-mail: neringa.petrasauskiene@ktu.lt

The deposition of copper sulfide as a thin layer onto the surface of the polymer is a promising approach to
obtain electrically conductive films. Flexible, transparent polymer substrate coated with copper sulfide is expected
to be useful in many fields, for example, as reflectors for concentrating collectors, heat mirrors, and solar control
coatings [ 1], as conductive substrates for deposition of metal and semiconductors [1, 2], as gas sensors functioning
at temperatures close to room temperature [3].

The chemical bath deposition (CBD) technique has been used for the deposition of copper sulfide thin films
on polypropylene (PP) substrates. The Cu,S thin film deposition was carried out at room temperature using a
mixture of 0.05 M CuCl, and 0.05 M Na»S,0s3 solutions for 16 h. The CBD process was carried out by varying
cycles (1, 2 and 3 cycles) of deposition. The formed samples were annealed at 80 °C for 30 min.

The structure, surface morphology, and optical characterization of the deposited thin film indicated a strong
relationship between the number of deposition cycles. The scanning electron microscope (SEM) showed a
uniform morphology with randomly oriented nano-grains of the copper sulfide film at varying deposition cycles
(Fig.1). The thin film morphology uniformly covers the PP substrate and shows a smooth surface. Additionally,
the films prepared by CBD with 3 cycles were found quite dense with good crystallinity and no holes,
homogenous surface, adhesion to the substrate, compact, and improved in grain size compared to copper sulfide
films prepared with 2 cycles (Fig. 1.).

2 cycles 3 cycles
Fig. 1. Surface morphology of Cu,S thin films prepared at different cycles

Analysis of CuyS thin films also was performed using X-ray diffraction analysis, ultraviolet-visible (UV-VIS)
spectroscopy, and Raman after each deposition cycle. The electrical result of the thin films shows that resistivity
decreases, while conductivity increases as the CBD cycle increases.
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RAMAN ANALYSIS OF CuS THIN FILMS DEPOSITED ON the
SURFACE OF POLYPROPYLENE

Edita Paluckiene', Martina Gili¢??, Neringa Petrasauskiene!

"Department of Physical and Inorganic Chemistry, Kaunas University of Technology, Kaunas, Lithuania
2nstitute of Experimental Physics, Freie Universitét Berlin, Berlin, Germany
SInstitute of Physics Belgrade, Belgrade, Serbia

Polypropylene (PP) is one of the most widely used thermoplastic polymers with great chemical,
physical and mechanical properties. In this work, the preparation of electrically conductive
CuxS/PP films by deposition of copper sulfide from an aqueous solution onto a polypropylene
film surface r via chemical bath deposition method (CBD). Copper sulfide layers were deposited
using a mixture of 0.05 M CuCl; and 0.05 M Na2S>03 solutions. The CBD process was carried
out from 1 to 3 cycles at room temperature. The duration of each cycle was 16 hours.

In order to find the optimal technological conditions for the CuxS deposition process, the
influence of deposition cycles was studied. Analysis of this material included studies of
structure, morphology and electrical surface conductivity.
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Fig. 1. Raman spectra of the CuS/PP thin films

Raman Spectroscopy is a non-destructive chemical analysis technique which provides detailed
information about chemical structure, phase and polymorphy, crystallinity and molecular
interactions of materials. Raman spectrum of PP 6 (Fig. 1) shows C—C stretching at 808 cm™!
and 972 cm™!, band at 841 cm™ is related to rocking CH>, rocking at 972 cm™'and 998 cm™
corresponds to CH3 vibrations [1]. As shown in Fig. 1, the typical Raman spectra copper sulfide
film samples (deposited at 2 and 3 cycles) exhibit similar peak positions. The spectrum reveals
a pronounced peak at 474 cm™!, which is assigned to vibrational (stretching) modes from the
covalent S—S bonds [2] and a much weaker peak at about 270 cm™" attributed to the Cu—S bond
vibration [2]. Therefore, the main attention was paid to the analysis of the intensity of the most
intense Raman mode at 474 cm™'. Raman analysis confirms the composition of the copper
sulfide on the surface of PP films.
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ANALYSIS OF CuxS THIN FILM DEPOSITED ON SURFACE OF
POLYAMIDE - RAMAN SPECTROSCOPY

Neringa Petrasauskiene!, Martina Gili¢?, Edita Paluckiene!'

"Department of Physical and Inorganic Chemistry, Kaunas University of Technology, Kaunas, Lithuania
2nstitute of Experimental Physics, Freie Universitét Berlin, Berlin, Germany
SInstitute of Physics Belgrade, Belgrade, Serbia

The preparation of electrically conductive CuxS/PA films by deposition of copper sulfide from
an aqueous solution onto a polyamide film surface is reported in this paper.

Copper sulfide (CuxS) layers were deposited on the surface of polyamide via the chemical bath
deposition method (CBD) at room temperature using a mixture of 0.05 M CuCl, and 0.05 M
Na2S203 solutions for 16 h. The CBD process was carried out by varying the number of cycles
(1, 2 or 3 cycles) of deposition. The influence of deposition cycles was studied to determine the
optimum condition for the deposition process. The analysis of this material included studies on
the structure, morphology and electrical surface conductivity.
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Fig. 1. Raman spectra of the CuxS/PA thin films

Raman spectroscopy is a useful spectroscopic technique to study the crystal phase, crystallinity
and vibrational properties of the films. Raman spectrum of pure PA 6 (Fig. 1) shows C—C
deformation mode at 630 cm™!, band at 833 cm™ is related to rocking CH2, while stretching
mode of CH. is at 935 cm™', and 962 cm™! corresponds to CO—-NH vibrations [1]. As shown in
Fig. 1, the Raman spectra of copper sulfide film samples (deposited at 2 and 3 cycles) exhibit
similar peak positions. The spectrum reveals a pronounced peak at 474 cm™!, which is assigned
to vibrational (stretching) modes from the covalent S—S bonds [2] and a much weaker peak at
about 270 cm ™" attributed to the Cu—S bond vibration [2]. Therefore, the main attention was paid
to the analysis of the Raman intensity of the most intense mode at 474 cm™'. Raman analysis
confirms the composition of the copper sulfide on the surface of PA films.
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Boosting Surface-Enhanced Raman Scattering by Ultrathin
Golden Film on Bio-Photonic Crystals

Martina Gilic, Mohamed Ghobara, Louisa Reissig
Institute of Experimental Physics, Freie Universitdit Berlin, Arnimallee 14, 14195 Berlin, Germany
martina.gilic@fu-berlin.de

Abstract: Hybrid substrates based on three structurally distinct diatom biosilica coated with
ultrathin uniform gold were utilized in SERS. The comparative analysis showed that substrates
containing cylindrical Aulacoseira sp. valves achieved the enhancement up to 8-folds. © 2022
Gilic et al.

1. Introduction

Surface-enhanced Raman spectroscopy (SERS) is an outstanding tool for qualitative and quantitative analysis, with
a sensitivity that enables the analyte detection down to a single-molecule level. In the core of this technique are the
plasmonic active substrates that could couple the incoming laser light and free electrons within, which launches
surface plasmon polaritons in case of a planar surface or localized surface plasmon resonance in case of
nanoparticles [1,2]. Additional enhancement could be obtained through utilizing hybrid substrates that include
photonic crystals (PCs) or resonant gratings, which leads to the coupling, for instance, of guided-mode resonance
(GMR) with the surface plasmonic resonance and thus additionally increases SERS [2]. Diatoms are unicellular
aquatic algae whose exoskeleton represents one of the exquisite examples of natural 2D photonic crystals. To the
best of our knowledge, a few diatom species, mainly Pinnularia, have been used to fabricate hybrid substrates for
SERS coated with either silver or gold NPs or rarely non-uniform thin films [3]. It has been suggested that diatom
valves mainly contribute to the SERS through GMR [3, 4], but also with concentrating analyte molecules as well as
nanoparticles on their surface and pore rims. However, coating the valves with nanoparticles or non-uniform golden
films creates the hotspots without homogeneity for the SERS signal over the entire valve surface.

In this work, we aim to experimentally evaluate SERS enhancement and homogeneity obtained by hybrid
substrates consisting of ultrathin uniform golden film (10 nm) coating the biosilica valves of three different diatom
species of distinct structural features. The obtained results were supplemented by theoretical calculations.

2. Experimental work

The diatom monolayers of Coscinodiscus radiatus (CR), Gomphonema parvulum (GP), and Aulacoseira sp. (Aula)
on glass substrates were coated with 10 nm golden film via physical vapor deposition, after applying a self-
assembled monolayer of 3-mercaptopropyl trimethoxy silane to assure the thickness homogeneity. Scanning electron
microscopy was obtained with Hitachi SU8030. Raman measurements were obtained on Horiba XploRA with
638nm laser line. Theoretical calculations were done with COMSOL 5.5 using the frequency domain method.

3. Main results and discussion

The uniformity of Au layer and fine structure of hybrid substrates were characterized with SEM. As can be seen
from Fig.1a, the gold is evaporated uniformly over the sample creating a smooth film with no signs of dewetting or
voids. The 3 chosen valves differ significantly in terms of size, shape, and parameters. The GP (Fig.1b) has small 7
um long oval valves, with rows of 0.1 um pores with spacing 0.2 um within a row. Aula has cylindrical valves of 15
um diameter with a flat top surface, pore size of 0.3 um, and pore spacing within a range of 0.6 — 1 um (Fig.1c).
Finally, CR has large circular valves of 100 um and 3 pore layers, where the largest pore size is 1.2 um (Fig.1d).

Fig. 1. SEM of the valves with the golden thin film. a) gold, b) Gomphonema parvulum, ¢) Aulacoseira sp., d) Coscinodiscus Radiatus. Insets in
(¢) and (d) show the whole valve.
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The SERS spectra of a dried drop of 10 M Rhodamine 6G (R6G) in ethanol obtained on different substrates are
presented in Fig 2a. All three diatom valves give a significant enhancement compared to golden film without
biosilica - the signal enhancement of the spectrum obtained on GP was 5.5x, on CR 6.8x, and finally on Aula 8.4x.
Raman mapping of intense mode of R6G at 1360 cm™' (marked with *) obtained on the golden coated Aula valves is
shown in Fig.2b. The mapping image corresponds the optical image and no doubt the signal is homogeneously
stronger on the valve than the surrounding substrate. The pore size and spacing are the key parameters in
considering the valve as a photonic crystal-like structure, and within the three valves they are comparable to the
laser Aexe. In such dielectric structures, the occurring of GMR is expected at specific wavelengths and can be coupled
to the plasmonic resonance to enhance electromagnetic (EM) fields close to the surface. In case of Aula valve, pore
spacing partially matches the Acyc, While pore size approximates Aexc/2.
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Fig. 2. a) Raman spectra of R6G obtained on four different substrates; b) Raman mapping of 1360 cm™ mode on 4ulacoseira sp. valve; ¢) The EF
enhancement in 2D CS in Aula valve model coated with 10 nm gold on the top at Ae and Agur . The EF was initiated from the left with an input
strength of 1 V/m.

The theoretical calculations were carried out on statistically representative selected 2D cross-sections (CS) to
investigate the possible contribution of GMR in the three hybrid substrates to the observed enhancement in SERS
with the presence of the gold thin film. The observed GMR of 2D CS in GP valve model was studied extensively in
our previous work [5], however no modes were observed at Acxc under normal incidence in the air. The same
conclusion was obtained for the 2D CS of CR valves. For Aula 2D CS, GMR maximum on 640 nm is found for the
pore spacing set to be 0.61 um, and on 638nm (Aex) electromagnetic field (EF) intensity insignificantly drops from
6.27 to 5.88 V/m (Fig. 2c). During the GMR, a higher EF intensity was observed within the pores. However, the
Aomr shows a red shift with increasing pore spacing, and for instance, for spacing of 0.75 pm Agmr appears at
778nm. Thus, it requires more effort in future work to find out the possible explanations besides the GMR for the
enhancement, including the concentration of analyte on the hybrid substrates.

4. Conclusion

The ability of the obtained hybrid structures to significantly and uniformly enhance SERS was proved
experimentally and showed different enhancements depending on the fine structure of the substrates. The theoretical
analysis suggests that, in case of some diatom species, GMR might be partially responsible for the SERS
enhancement.
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Boosting surface plasmon resonances of thin golden film by bio photonic
crystals

M. Gilic!, M. Ghobara' and L. Reissig'
!Institute for Experimental Physics, Freie Universitcit Berlin, Arnimallee 14, 14195 Berlin
martina.gilic@fu-berlin.de

Diatoms are unicellular biomineralized algae which possess a biosilica shell with a 2D periodic pore
structure. Due to their unique physical, chemical and photonic properties, diatoms found numerous
application in biochemical sensors contributing to their ultra-high sensitivity [1, 2].As substrates for
Surface Enhanced Raman Spectroscopy (SERS) they proved to be capable of concentrating analyte
molecules on their surface as well as assembling metal nanoparticles at pore rims which lead to more
controllable hot spot creation.Ithas beensuggested that diatoms enhance the SERS signal additionally
with guided mode resonance due to their photonic crystal — like properties. However, current studies
are limited to coating diatoms with noble nanoparticles or non-uniform golden films, which hampers
interpretation regarding their photonic structure contribution and leads to unsatisfactory reproducibility.
Here we present biosilica substrates based on diatom frustules coated with a uniform 10nm thick layer
of gold as a candidate for highly reproducible SERS substrates with high enhancement factors. The
uniform films spread over theperiodic frustule structure enable the study of photonic properties of
periodical pore arrays and their role in enhancing optical sensitivity. Rhodamine 6Gis used as a typical
Raman probe molecule. Our results show that substrates with a gold film over diatom monolayers
improveSERS detection of R6G by several times compared to substrates with a gold film on glass.The
reproducibility of the measurement was verified with Raman mapping. Surface morphology and the
fine structure of the diatoms were investigated with Scanning Electron Microscopy, confirming
structural integrity for an expanded analytical study.
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Abstract.In this paper we present most probable reactions of Ar' ion with Ar/BFsmixtures.
Appropriate gas phase enthalpies of formation for the products were used to calculate
scattering cross section as a function of kinetic energy. These data are needed for modeling
in numerous applications of technologically important BF;discharges. Results for transport
coefficients as a function of E/N (E -electric field; N-gas density), specially rate coefficients
were obtained by using the Monte Carlo technique.

1. INTRODUCTION

Cold plasmas are frequently used in new technologies where they open up the
possibilities of non-intrusive production or modification of various substances
(Makabe et al. 2006.). These plasmas have a high electron temperature and low gas
temperature so non-equilibrium behavior of a large number of species becomes
important (Robson et al. 2005.). Current computer resources allow studies of
complex global models (Murakami et al. 2013.) which describe the behavior of
such plasmas by taking into account a very large number of particles. The
knowledge of ion-neutral reactions is  generally available (see
https://nl.Ixcat.net/data/set_type.php) although the effects of reactions on transport
parameters of particular ions are much less studied due to non-detectability of
rapidly vanishing ionic fluxes. This especially holds for ions whose transport is
affected by fast reactions (Stojanovi¢ et al. 2014. andNikitovi¢ et al. 2016.).
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In this paper we firstly selected the most probable reactions of Ar’ with BF;
gases for thermodynamic threshold energies below about 15 eV.

2. CROSS SECTION SETS

Complete cross section sets for ion transport are scarce in spite of a broad range of
specific methods relevant for quantification of particular cross sections. The main
problem in heavy particle scattering, easily and precisely selecting the state of the
projectile and target before the collision, is still very complicated for a range of
conditions, so databases for ion scattering (Murakami et al. 2013. and
https://nl.Ixcat.net/data/set_type.php) are still devoid of such data. Phelps
established the first worldwide accessible database with cross section sets (see
https://nl.Ixcat.net/cache/5b33772b61cfY/) tested for each particular case either for
swarm conditions of spatially resolved measurements of emission or ion mobility
values. In order to focus on effects of reactive processes introduced by BF; we
neglected all but these two components of the Ar" + Ar cross section set. Complete
cross section sets used in this work are shown in Figure 1.

Appropriate gas phase enthalpies of formation for the products (Table 1) were
used to calculate thermodynamic thresholds.

EL(BF,)
EXO(BF,)

100 +

aniso(Ar)

-

o
1
A
w

0,1{ =———R12

Cross section [10%° n]

100 1000

Collision energy [eV]

0,01 0,1 1 10

Figure 1: Cross section sets for Ar'in BF;.

80



RATE COEFFICIENTS FOR Ar" IN Ar/BF; MIXTURES

lon/neutral AH #(ion) kJ/mol (room AH #(neutral) kJ/mol

temperature) (room temperature)
Ar'/Ar 1520.57 0
A"/ Ar 1398.1 -1.01
B*/B 1363.3 562.7
BF*/BF 957 -115.8
BF,"/BF, 314 -589.9
BF5"/BF; 364.3 -1137.0
F*/F 1760.2 79.4
F2"/F> 1514.5 0

Table 1: Heats of formation AH® at 298 K (kJ/mol).

3. DISCUSSION AND RESULTS

Monte Carlo Simulations (MCS) have many applications for analysis of the
transport of charged particles in plasmas. MCS provide swarm data with the only
the uncertainty due to statistical fluctuations and uncertainties in the cross sections.
In addition, MCS is the basis of hybrid models of plasmas allowing easy and
accurate representation of the end effects and of the non-local high energy groups
of particles which are essential in production of plasmas and treatment of
surfaces.The MC code used in our analysis is based on the null collisions method.

In Figure 2 we show rate coefficients for reactions of Ar' ions with Ar/BF;
mixtures at 7=300K, calculated by Monte Carlo simulations. Rate coefficients are
important for applications of the global model to Ar/BF; mixtures. We are
presenting reaction products and thermodynamic thresholds for Ar® +
BF;(Nikitovi¢ et al. 2019.)formation a) total attachment and b) attachment for
endothermic and exothermic reaction products.

4. CONCLUSION

In addition to presenting the data we show here the effects of non-conservative
collisions to ion transport. Data for swarm parameters for ions are needed for
hybrid and fluid codes and the current focus on liquids or liquids in the mixtures
with rare gases dictates the need to produce data compatible with those models.
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Figure 2: Rate coefficients of Ar' in Ar/BF; mixtures.
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Photonic crystal behavior of biosilica — influence of frustule's morphology
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Abstract. Hybrid substrates for Surface Enhanced Raman Spectroscopy (SERS) based
on diatom biosilica frustules covered with thin uniform gold films have been investigated. The
observed increased sensitivity has been linked to the resemblance of diatom frustules to 2D
photonic crystals and associated unique optical properties, such as guided mode resonance
(GMR) [1, 2]. In this work the enhancement of three structurally distinct diatom biosilica
species were compared — Aulacosira sp., Coscinodiscus sp. and Gomphonema Parvulum.
Uniform and well controlled thin layers of gold could be deposited onto the biosilica utilizing
physical vapour deposition and a self-assembled (SAM) monolayer adhesion layer leading to
accurate and reproducible SERS enhancement factors without creating artificial hot-spots.
Those could hamper interpretation regarding the contribution of the frustules intrinsic photonic
structure and lead to unsatisfactory reproducibility. The in the samples occurring distinct
structural parameters, obtained from scanning electron microscope (SEM) analysis, such as
pore size, spacing and other lattice parameters, allow us to study the influence of chosen laser
excitation lines on coupling of GMR and Surface Plasmon Resonance (SPR), theoretically
(using COMSOL multiphysics) as well as experimentally. We demonstrate that SERS
enhancement strongly depends on the frustules morphology, and thus its photonic properties.
The greatest SERS enhancement factor (of more then 3, compared to gold on flat glass) of
Rhodamine 6G was obtained on frustules from Coscinodiscus sp., with dominant structural
parameters in the range of the excitation line. The reproducibility of the measurements was
verified with Raman mapping. The results suggest that high emphasis should be given to the
detailed analysis of lattice parameters of the several 100k diatom species and increasing our
understanding of the structural relationship of the enhancement, for selecting best target
materials for future bio-sensor application.
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Arbeitszeugnis

Frau Dr. Martina Gilic war vom 25.09.2020 bis zum 31.07.2023 in der AG Reissig am Institut fur
Experimentalphysik der Freien Universitat Berlin als erfahrene wissenschaftliche Mitarbeiterin
(senior Postdoc) tatig. AG Reissig ist eine Nachwuchsgruppe, die sich mit der Implementierung
biologischer Materialien in opto-elektronischen und photonischen Bauteilen beschaftig und diese
mit herkdmmlichen Materialen vergleicht. Um die Materialen optimal einzusetzen beruht die
Forschung zum einen auf einer genauen Untersuchen der optischen und strukturellen
Eigenschaften, aber auch einem fundiertem Verstandnis des Aufbaus der anvisierten Bauteile,
sowie ihrer Anpassung und Optimierung, mit dem Ziel von dem Einsatz der biologischen
Materialen bestméglich zu profitieren. Dr. Gilic war eine wichtige Mitarbeiterin fur die erfolgreiche
Durchfiihrung des DFG Projektes "Die Frustule der Diatomeen als Natur-gestaltete Bauscheine
in photonischen Anwendungen", war aber auch an anderen Forschungsprojekten beteiligt.

Das Aufgabengebiet von Frau Dr. Gilic umfasste u.a. folgende Tatigkeiten:

Planung der Forschungsstrategien zur Umsetzung der Projekiziele

e Herstellung der Proben als diinne Schichten (Rotationsbeschichtung, Arbeiten mit
Vakuum und inerter Atmosphare).

e Charakterisierung der optischen und strukturellen Eigenschaften (u.a. SERS Raman-
Spektroskopie, UV-Vis-Spektroskopie, Rasterelektronenmikroskopie REM, optische
Nahfeldmikroskopie SNOM))

e Analyse und Interpretation der erhaltenen Forschungsergebnlsse (u.a. mit Hilfe von

Software IGOR Pro und Origin)

Ergénzung der experimentellen Ergebnisse durch Simulationen (COMSOL Multiphysics)

Umfangreiche Literaturrecherche

Verdéffentlichung wissenschaftlicher Ergebnisse in renommierten Zeitschriften

Prasentation der Ergebnisse auf internationalen Konferenzen und internen Seminaren

Unterstutzung bei der Organisation der Arbeitssicherheit in den Bereichen Erste Hilfe,

Chemikalieninventur und Erstellung der Chemikaliensicherheitsblatter.

e Vertretung der Teamleitung bei Bedarf (auch langerfristig) mit Ubernahme der Leitung
der Gruppenseminare und Anleitung der ubrigen Mitarbeiterinnen.

e Etablierung interner und externer Kollaborationen
Lehre als Tutorin in der Nebenfachvorlesung Physik (Bachelorstudium, Deutsch)



Dr. Martina Gilic ist eine erfahrene Wissenschaftlerin mit hervorragenden Kenntnissen
experimenteller Techniken der physikalischen Chemie und einer fundierten Erfahrung
wissenschaftliche Studien systematisch durchzufithren und Teilstudien anzuleiten. Sie besitzt ein
hervorragendes Grundwissen in den Bereichen der physikalischen Chemie, und exzellente
Voraussetzungen dieses auch in modernen interdisziplindren Bereichen der Wissenschaft
einzusetzen. Sie war stets bereit inr Wissen mit anderen zu teilen, und auch in Themen, an denen
sie selbst nicht gearbeitet hat, mit Rat und Erfahrung beiseite zu stehen. Frau Dr. Gilic zeigte
gleichzeitig eine sehr groRe Bereitschaft sich in neue Themengebiete einzuarbeiten, und den
Austausch mit anderen Wissenschaftlerinnen in unserem Team, innerhalb der Universitat aber
auch extern zu suchen, eine Voraussetzung fir die erfolgreiche Bearbeitung interdisziplinarer
Themengebiete.

Dr. Matrina Gilic ist eine sehr zuverlassige und gewissenhafte Wissenschaftlerin, die gestellte
Aufgaben stets erfolgreich zu Ende bringt, sowie sich mit Neugier und Begeisterungsfahigkeit
mihelos in neue Gebiete auch unter Zeitdruck einarbeitet. Dies gelingt ihr vor allem durch ihr
sehr gutes und effektives Projektplanungstalent und ihre beeindruckende Fahigkeit effektiv zu
priorisieren und klar zu kommunizieren. Durch ihr groRes Durchhaltevermégen, auch bei
unerwarteten Schwierigkeiten, halt sie Abgabetermine stets ein, oder bietet fruhzeitig einen gut
durchdachten und unterlegten Alternativplan. Auch in Zeiten &uerer erschwerter Bedingungen
(wie wahrend der Corona-Pandemie oder Ubernahme langerer Vertretungsaufgaben) fand Frau
Dr. Gilic stets einen Lésungsweg. lhre Positivitat, Flexibilitat und Bodenstandigkeit erlaubten es
ihr sich auf neue Situationen ideal einzulassen, um die erwarteten Aufgaben zu erledigen. Sie
scheute sich nie Verantwortung zu tbernehmen und erfullte alle Aufgaben stets zur vollsten
Zufriedenheit.

Inr Verhalten gegenuber Vorgesetzen, Gruppenmitgliedern, Kolleginnen und Externen war stets
ausgezeichnet. Martina wurde fur ihre umsichtige und respektvolle Art von allen Mitarbeiterinnen
der FU sowie externen Besucherinnen unserer AG geschatzt. Sie war, von Anfang an, ein
wichtiger Faktor fur den Zusammenhalt unserer kleinen AG, war den jungeren
Gruppenmitgliedern ein Vorbild und stand immer mit Rat zur Seite. Als Tutorin war sie bei den
Studierenden aufgrund ihrer offenen und ermutigenden Art und ihrer stets ausgezeichneten
Vorbereitung, sowie ihrer Bereitschaft zur Anwendung modernen Lehrmetoden sehr geschatzt.

Obwohl Englisch an der FU im Wissenschaftsbereich die Lingua Franca ist, war Martina bereit
auch in ihrer privaten Zeit ihre Deutschkenntnisse stets zu verbessern (auch uber den Besuch
an Kursen), um die Kommunikation mit den sonstigen Mitarbeitern am Fachbereich und in der
Verwaltung zu erleichtern, und ihren Einsatz in der Lehre zu ermoglichen.

Mit dem Projektende zum 31.07.2023 lief der befristete Vertrag von Dr. Gilic aus. Wir danken
Frau Dr. Gilic fur den hervorragenden Einsatz, sowohl im wissenschaftlichen als auch lehrenden
Bereich. Wie bedauern es sehr sie als wissenschaftliche Mitarbeiterin und Kollegin in unserer AG
zu verlieren. Mit Interesse werden wir ihren weiteren wissenschaftlichen und beruflichen
Werdegang verfolgen, und wirden uns freuen, wenn sich wieder eine Art der Zusammenarbeit
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Jenena Mutpuh JloxkTopcka aucepranmja

3AXBAJIHULIA

Benuky 3axBaHOCT JIyryjeM CBOJUM MEHTOpUMa,

ap Meanum Crojkouh CumatoBuh, BaHpeHOM Mpodecopy, Ha HeceOMIHO] IMOMONN B CBUM KOPHUCHUM
caBeTHMa M CyrecTHjamMa TOKOM U3pajie OBe JUCepTaIlyje;

a moceOHo ap HeGojmm Pomyerunhy, HaydHOM CaBETHHKY, M3 YHMjHX HJIEja je W HAacTajla OBa JIOKTOPCKa
nucepranyja. XBana Bam Ha BemWKOj MOJPINIU, CBUM CaBeTHMa U JUCKyCHjaMa TOKOM IMPOTEKIUX
TOJIUHA.

Taxole, uckoprctuhy NpuiInKy J1a ce moceOHO 3aXBaJIMM CBOJUM KoJsierama u3 MHcTuTyTa 3a Pusuky:

Ip Maju Pomueruh, 3a cBako NMpBO YHTame pajioBa KOje caM Hamucaza M 3a CBe CyrecTHje Koje cy ux
VYUHWJIE KBATMTETHHUjUM; Ap Maptuan ['miawmh, 3a OpojHa TyMauema JOOHMjEHHX pe3yirarta u
3aje/IHUYKE Mecelle MpoBe/ieHe Y JTabopaTopuju 3a paMaHCKy creKTpockonujy; ap bpankm Xanuh
eKCITepTy 3a IIMHK — OKCHJI, 3a TIOMOh OKO Tymauema JoOWjeHuX pe3yirara u OpojHe TUCKYCHje; Ip
bopucnasy Bacuhy u np Ypory Panesuhy 3a momoh mipu MepernMa Ha MEKPOCKOIY aTOMCKHX CHIIa;
np Hosunwm [layHoBuhy, 3a ucupiiHa Meperha HH(PaLPBEHUX CIIEKTapa.

XBana u ap Jlanmjeny JlobpoBonckom, ca Muctutyta 3a ¢usuky llosbcke akamemuje Hayka U Jp
Ubpaxumy C. Jaxuu, ca Kunr Kanun Yuausepsutera y Cayaujckoj ApaOuju, Ha 3ajeJHUUYKOM paay Ha
TaHKUM (PUIMOBUMA KaJMMJyM — TeJypuaa; Kao u kojerama Depnanne3 — Mckjepno u Xumenes —

Xepranjie3 u3 JlabopaTopuje 3a HEOPraHCKY W OININTYy XeMHU]y YHHBep3utera y Xapanw, KyOa, Ha
3ajeJHIYKOM pajly Ha HaHOIUIOYHUIIaMa IIMHK — OKCHIA.

XBajia ¥ CBHM OCTaJIUM KoJieraMa, eKUIN U3 CTYJCHTCKe KaHienapuje MHCTUTYTa 3a (PU3HKY, KOJU Cy
MU yJICHIIATHA JTOKTOPCKE CTY/IMje, Ka0 U CBOJUM IpujaTesbuiiama, Tamu, JeaeHuny u MarganeHuunm,
Ha TMOJIPIIIY TOKOM paJia Ha OBOj JUCEPTAIIH]H.

Ha xpajy, osicenum oa ce 3axeanum mojoj nopoouyu, mom bpamy, majyu u oyy, 3a Hajysputhu ocionay u
Hajeehy nOOpuIKy KOjy cam umaia moKom c602 wkoioard. 08y 00Kkmopcky oucepmayujy noceéehyjem
eama.
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INV-OGE 3

Detection of high pressure phase transitions in RE3* doped
Y,0; and Y,Mo0O, through luminescence measurements

Marko G. Nikoli¢!, Ana Vlasgié!, Mihailo Rabasovié¢!, Branka Murié¢!, Vladan
Celebonovié¢!, Nadezda Stankovié¢?, Branko Matovi¢? and Branislav Jelenkovi¢!

I Institute of Physics, Belgrade University, Belgrade, Serbia
2 Institute of Nuclear Sciences “Vinca”, Belgrade University, Belgrade, Serbia

Rare earth ions (RE3") are highly sensitive to local symmetry so changing the symmetry
is reflected in their luminescence spectra. In this work we investigated the high pressure photo-
luminescence properties of cubic and monoclinic Y,0;, as well as, monoclinic Y,MoO, doped
either with Eu** or Sm3" ions.

Photoluminescence emission of cubic Y203:Sm3Jr and Y203:Eu3+ phases were recorded up
to the pressure of 20 GPa and 15 GPa, respectively. With varying pressure, the intensity ratio of
4G5 n— 6H7/2 and 4F3 n— 6H7/2 Sm3* emission shows three distinct regions. Furthermore, the in-
tensity ratio of >D; — ’F, and °D, — "F, Eu*" emission of the cubic matrix has similar pressure
dependence as Sm** doped phase. A steep pressure dependence evident in the range of 9.2-13.1
GPa could be used for detecting a pressure induced cubic to monoclinic phase transition of Y,0,
matrix. It matches well the behavior of the pressure sensitive Sm3* spectra in the range of 9.1-11.6
GPa, which is proven to appear due to a phase transition at ~ 11 GPa.

The monoclinic Y,0,:Eu®" also has a pressure-sensitive intensity ratio of *Dj—"F, and
5DO—>7F2 emission lines. Measurements for the monoclinic Y203:Eu3Jr matrix were recorded up
to 8 GPa. The dependence is unambiguous, without any phase transitions in the measured region.
The nature and high sensitivity suggests that this dependence can be used as an efficient high
pressure sensor.

Photoluminescence emission measurements of Y2M006:Sm3Jr and Y2M006:Eu3+ phases
were recorded up to 12 and 11.5 GPa, respectivelly. Intensity ratio variation of *G,,—°H;,, and
*G;,—°H,,, Sm*" emission lines, as well as of 5D, — ’F, and D, — F, Eu®" emission lines as
a function of pressure can be also used for detection of the Y,MoO, phase transition. The accom-
plished results demonstrate the properties of Y,MoO:Sm*" and Y,MoO:Eu** inorganic phos-
phors, with emmision linear dependance of the intensity ratio on the pressure up to 8§ GPa, could
be used as an efficient high pressure sensor.

INV-OGE 4

Optical and stryctural properties
of nanostructured semiconductors

Martina Gili¢ and Milica Curc¢ié

Institute of Physics Belgrade, University of Belgrade, 11080 Belgrade, Serbia

Science and technologyof nanostructures is a broad and interdisciplinary area of research
and development activity that has been growing explosively worldwide in the past decade.
Ongoing studies cover not only basic research but also the broad applications range.
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The properties of materials at the nano scale differ from the ones at corresponding
bulk materials. These differences depend on particle sizes, shape and surface characteristics.
Nanomaterials have a much greater surface area to volume ratio than their conventional forms,
which can lead to greater chemical reactivity and affect their strength. The enhanced surface
area increases surface states, which change the activity of electrons and holes, and affects the
chemical reaction dynamics. Also at the nano scale, quantum effects can become much more
important in determining the materials properties and characteristics, leading to novel optical,
electrical and magnetic behaviours.

We discuss recent advances in understanding the nanostructure and optical properties of
semiconductor nanocrystals. Spectroscopic methods can provide a great deal of information
about the electronic and spatial structure of the nanocrystals. As consequence of miniaturization,
we expect bulk modes to be shifted and broadening. Linking these characteristics with the syn-
thesis methods will play key roles in the further development of these particles for optoelectronic
and biomedical applications.

INV-OGE 5

Forensic Science and Fractal Nature Analysis

Goran Lazovic’l, Vojislav V. Mitié 2’3, Ana S. Radosav]’evié-Miha'lovié4,
] )
Dragan Simeunoviés

I University of Belgrade, Faculty of Mechanical Engineering, Belgrade, Serbia
2 University of Nis, Faculty of Electronic Engineering, Nis, Serbia,
3 Institute of Technical Sciences of SASA, Belgrade, Serbia;
4 Institute for technology nuclear and other raw materials.
Franshe D EPERE 86, 1100 Belgrade, Serbia
> Academy of Nacional Security Republic of Serbia

The forensic photography, also referred to as crime scene photography, is an activity that
records the initial appearance of the crime scene and physical evidence, in order to provide a
permanent record for the court. Now a day, we can imagine the crime scene investigation with-
out photography evidence. Crime or accident scene photographs can often be re-analysed in cold
cases or when the images need to be enlarged to show critical details. Fractals are rough or frag-
mented geometric shape that can be subdivided in parts, each of which is a reduced copy of the
whole Fractal dimension (FD) is an important fractal geometry feature. There are many applica-
tions in various fields including image processing, image analysis, texture segmentation, shape
classification and identifying the image features such as roughness and smoothness of an image.
The damage image can be reviewed, analyzed and reconstructed by fractals.
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Anexc IX Yrosopa o peanusaumju [Ipojexra UMW 45003 y nepuony anpui - neuembap

2018. ronguHe

Ha ocuoBy 4. 10, 97. cras 1. u 104. 3akoHa 0 HayYHOMCTPAXKUBAYKO] AENATHOCTH
(,,Cmyx6enu rnmacauk PC”, 6p. 110/05, 50/06-ucnpaska, 18/10 u 112/15) - y nasbem TekcTy:
3akoH), caryiacHo ATy 0 u360py, BpeaHoBamy U huHancupamwy [Iporpama OU/TP/UMU 6poj
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3actyna ap TatjaHa LIBeTkOBCKH , AekaH

2.3) Vuusep3urer y beorpamy, I'paljeuncku ¢axynrer, IITMB 100251144, maTtuusu
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2.7) VYnueepsurer y beorpagy, Mammscku dakynrer, IIMB 100209517, matnunn
6p0j:07032501, pauyn KJC 6poj 840-0000001876660-28, xora 3actymna ap Pagusoje
Mutposuh , nexan

2.8) VYuusepsurer y beorpany, Cromaronomxu ¢akynrer, [TMB 100125119, martnunu
6p0j:07001991, pauyn KJIC 6poj 840-0000001122660-85, xora 3actyna ap Mupocnas
BykanunoBuh , nexan

2.9) VYuusepsurer y Beorpany, TexHonowmko-meranypiiku dakynrer, [IMb 100123813,
MatuuHu 6p0j:07032552, pauyn KJC 6poj 840-0000001441660-87, xora 3acTyna ap
‘Bople Janahkosuh , nexan

2.10) Yuusepsuter y HoBom Cany, Paxynrer Texuuykux Hayka, IIUb 100724720, matuynu
6p0j:08067104, pauyn KJC 6poj 840-0000001710660-30, xora 3actyma ap Pane
JlopocioBauku , AeKaH




2.11) Yuusepsuter YHUOH y beorpany, daxyTeT 3a 0CIOBHO MH/yCTPH)CKH MEHAMEHT y
Mnagesosiy, [TUB 102520146, maTnynu 6poj:17434977, pauyn KIC 6poj 840-
0000009329763-92, xora 3acTyna ,
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Anexc IX
OCHOBHOT YTOBOPa O peau3alyjH ITpojexra MWW y nepuoy anpui - nenembap 2018.
roauHe y WHKJIyCY HCTPaKHBAKA 01 01.01.2011. x0 31.12.2018. roanHe

Yanan 1.

OBHM aHEKCOM Ce MEHba | JIOIyHbYje OCHOBHU YTOBOp O peanusauuju [Tpojexra MU,
tako wro ce ypehyjy mehycobna mpasa H obaBe3e yroBOpHHX cTpaHa M Pykopoauoua
Ilpojexta y peanusauujn M duHaHCHpamy — HAyYHOMCTPXKUBAYKOT MpojeKTa:
"OnTOeNeKTPOHCKH HAHONMMEH3HOHHM CACTEMH - YT Ka npuMeHH", €eBHICHUHOHN 6poj NN
45003 (y mamem Tekcry: IIpojexar MVM) y mepuody ampui - nenembap 2018. rogune y
Texyhem mukmycy ucrpaxusama o1 01 .01.2011. 10 31.12.2018. ronuxe.

DuHaHCHpame peaTu3aluje Ipojexta UVIU y mepuoay jamyap-MapT 2018.roaune
M3BPLIEHO je Y CKJIaay ca OMTyKOM 6poj: 451-03-496/2018-14 on 29. janyapa 2018. roxuHe.
Peann3aTopy ucTpaxiBarma Ha [Ipojexry VUM 110 OBOM aHeKCy Cy paBHa Jikua u3 unana 104.
craB 1. 3akoHa.

Ynan 2.

Vkynan o6uM UCTpaKuBama Ha [pojexty MMU u3HOCH 342 HCTPAXUBAYKHX MECCLH.

Pyxosomunar ITpojexra UMU je np He6ojua Pomuesuh, Hay4HH CaBETHHK 3all0CIEH
y HAY4HOHCTPAXKHBAYKO] opranuzauuju: MHCTHTYT 32 QU3HKY Y Beorpany ( y JajbeM TEKCTY:
Pyxosoauiarn [Tpojexra).

Onnyky o oxpehuBarby Apyror jiuua 3a Pyxosozuona ITpojekra J0HOCH MUHHCTAP, Y3
npu6ap/beHo  0OPasNoKEHO MHCAHO  MHILBEHE pykosojwiana csux Peanusaropa
MCTpaXKUBama. YKOIMKO Pealn3aTop, Ha MHCAHH 3aXTEB, HE JIOCTaBH MHIILbEEE Y POKy o4 8
nada, cMartpahe ce Ja j€ MHLUBCHE O MPEUIOry 3a onpehuBare Jpyror pyKoBOAMOLA
MO3UTUBHO. ‘

IMpojexar MU uune cresehu MIOTIPOjEeKTH:

- IMornpojekar 1: "Cunresa HaHOMaTepHjana W CTPYKTypa', UMjH je pyKoBOAMJIALl
Maptuna ['wiuh, Hay4H#u capajHuK

- Motnpojekar 2: "Teopuja ONTHIKUX 0co6¥HA HAHOCTPYKTYpa', UMju j& pyKOBOAHIIALl
Munan Taguh, peaoBHE mpodecop

- Tlornpojekar 3: "EnekTpoHCKA NpPHHIHIIA dopmupama # (QYHKIMOHHCARBA
HAHOCTPYKTypa ", YMjH j€ PYKOBOIMIAL Vpana PapucaB/beBuh, BHINM Hay4HH
capaHHK

- ITornpojexar 4: "[Ipumena payyHapa y NOBE3UBatbYy TEOPHjCKHX, EKCIEPUMEHTATHAX
¥ IPUMEEHUX ACTpaxkuBama', Yuju je pyKoBOaAK Al CreBan MunuakoBHh, peIOBHA
npodecop

- Tlormpojexar 3: "KapakTepu3auuja HaHohecTHLa H HAHOCTPYKTYypa', 4HjH je
pykoBoamnan Munuua Rypuuh, Hayunu capaHiK

- Tlotnpojekar 6: "HcnuTHBame €JICKTPHIHUX KapaKTepUCTHKA HOBHX Mmarepujaia u
TpOjeKTOBaKE CEH30pa Ca ONTHYKHM prakHuMa', YMjH je pykoBoauan bpanka Xaywuh,
Hay4HH CapaJHUuK




- llotnpojexar 7: "HaHOCTPYKTYpHH ONTOENEKTOHCKH CEH30PCKM cHCTeMHM", umju je
pyxoBowian [Teha Muxaunosuh, Banpeaun npodecop

Ynawu 3.
Osum anexcom ce yrBphyje cnenehu u3Hoc u crpykrypa 6yuera [Ipojexra UUU no 31.
neuembpa 2018. rogune u To:

1) Haknane 3a paj MCTpakuBaya, OJHOCHO CapajlHMKa aHIaKOBaHMX Ha
Ipojexty UMM (y nasbem TeKcTy: MCTpaxkuBay) y GpyTo M3HOCY, ofpeheHe cy MHOXeEHmeM
0[00peHNX WCTpaXMBay-MECELM 3a CBAKOI HCTPaXHBa4a, ca oArosapajyhoM LeHOM
MCTpaXKuBay-Mecela Koja ce yrephyje nocebnom omrykom munuctpa (IIpusor 2).

Y cknany ca onpenbama unana 7.4. OcHoBHor Yrosopa o peanusanuju IIpojexra UUU
¥ wiaHa 36. AKTa, MCTPaXMBAYMMA KOjH I10Y€B OJ AaTyMa objaBibuBama JaBHOT no3uBa (23.
maja 2010. ronuue), HUCY HaBOMMIM NyHY aduUIMjauKjy IPUIMKOM My6IMKOBaba PaZoBa HA
HauuH ytBphen Omrykom mummctpa 6poj 451-03-3558/2011-14 ox 18.10.2011. roamse,
HaKHa/la 32 HayYHOUCTpaXUBa4Ku paj he ox anpuia 2018. rogune 6utH ymameHa, U TO: ca
M3HOCOM O/ 5 yMECTO 8 MCTpa)KkMBay MECELM 3a HCTPAXKMBAYE 3ANIOCIIEHE HAa BUCOKOLIKOICKUM
yCTaHOBaMa, OIHOCHO, ca u3HOcoM o 10 ymecTo 12 McTpakMBay Meceld 3a HCTPaKMBaye
3aNOCJICHE Y MHCTUTYTHMA M Y PErMCTPOBAHMM MHOBALMOHMUM OpraHM3anijaMa u3 wiana 104.
3akoHa. YMameH M3HOC, Y CKJIaly ca wiaHoM 3.2. rope HasesieHe OjuTyke, MCTpauBauy he
NpuMMaTH CBe NOK MuHMCTapcTBy He J0CTaBe NOTHMCaHy M3jaBy jga he npu Gyayhem
o6jaBJbMBay HayYHUMX PaJOBa IMCATH IIYHY abuanjanujy u3 uiaHa 36. AkTa;

2) JlvpeKTHM MaTepHjaJlHi TPOIUKOBH HcTpaxuBama (JIMT) koju cy y
dyHkuMju 06aBibama HayYHOMCTpaXuBayKor paza Ha [Ipojexty UMU y 2018. roaunu a koju
Cy 10 CTPYKTYpH:

2) 1. JMT 1/ pexwuja, TPOIIKOBH paja JiMUA 3allOCICHMX KOJ peaiu3aropa
HCTpaXHBamka Ha CTPYYHHUM, aIMHHICTPATHBHUM M TEXHHYKHM ITOCIIOBUMA, K0 U TPOLIKOBH
eJICKTPUYHE EHEPIHUje, BOJE, rpejama, KOMYyHAIHHX YCIIyra i CIMYHUX TPOIIKOBA pEann3aTopa
nporpama IpojeKTHOT (MHAHCHpaba.

2) 2. JIMT II - TpomKOBH KOjH Cy y GYHKUHjH 00aB/bamka HAyYHOUCTPAKUBAYKOT
pana na Ilpojekty MMM y 2018. roauuu, a oaHoce ce Ha: HaGaBKy NOTPOLUHOI MaTepHjaia,
CHUTHE ONPEME ¥ CHTHOT MHBEHTapa, TPOLIKOBE CIY)XOCHHX MyTOBama 4IaHOBA IIPOjEKTHOT
THMa, TPOLIKOBE JUCEMMHAIIM]E Pe3yNiTaTa HCTPAXKHBAbA, TPOLIKOBE YCIyTa HCTPAKUBAYNMA
M CIMYHHX TPOLIKOBA peanu3aropa IMporpamMa IpOjeKTHOr (GHHaHCHpama y (QYHKUHjH
00aBJbarba NPOjEeKTHUX aKTUBHOCTH.

Ynan 4.
CacraBHu J1e710BM OBOT aHeKca cy cinenehv npunosu:
IIpunor 1. Onuc, o4eKMBaHM KJbYYHH PE3Y/ITATH M 3Hayaj HCTpaxkusama [Ipojekra UM

no 31. nenembpa 2018. roamne, nporpam ca AMHAMHMKOM M IUIAHOM paa,
IUIAHUPAaHUM PE3yJITaTHMa ¥ POKOBHMA pealu3alije HCTPAKIBAba,

Ilpuior2.  llene ucrpaxxupau-meceun yrephene 3a nepuoa anpui-geuembap 2018. roause
y CKJIaJly ca KaTEropHjoM M MCTPaXXMBAUYKNM, HAYYHHUM M CApaHUYKUM 3BaAHhEM
HCTpaxWBaya M3 unaHa 69. 3akoHa, kora cy PeanuzaTopu HCTpaKuBama
YKJbYYHIIM Ha TMPOjEeKTHO (HHAHCHpame Y CKIaay ca 3akOHOM W wi. 22-24.
Axta. Bucuny yrBpheHe leHe HCTpakuBay-mecella MHHHMCTapCTBO MOXe
MemaTH y TOoKy peanusauuje IIpojexra MMM y ckimagy ca pacrosioXHBEM
OYUETCKHUM CPEACTBUMA;

IIpunor 3. Cnucak ucTpakMBaya aHraxoBaHMX Koj Peanusaropa ucTpaxupama ca
O3HAaKOM KaTeropuje y Kojy cy pas3Bpcranu carinacHo wi. 11-18. Axra, ca
YyTBphHEHOM HaKHAJIOM 3a HAayYHOMCTPAXHMBAYKH pajx y OpyTo uM3HOCY, Koja
CaJIp)X{: HETO M3HOC 3a UCIJATY U U3HOC NpHMnaaajyher mopesa ¥ AOMPHHOCA.
Bpyro HakHaza 3a HayYHOMCTPaXXHBAYKHU PaJl HCTPAXKHBaya KOjH CY 3all0CIICHH
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Ynan 13.

Osaj yroBop je caunmen y 16 (wecHaecT) HCTOBETHUX PUMepaKa, O KOjUX
1O jesian 3a cBakor Peaimsaropa nerpaxusama, Jenan 3a pykoBoauona ITpojexra, a
TpH 3a MUHHUCTApCTBO.

Y Beorpany, nana 19. 04. 2018. roaune

YI'OBOPHE CTPAHE

o
1. 3a Yuusepsurery beorpany, Hucraryr ﬁ)m

ap Anexcannap Borojesuh, AHPEKTOp

EB. 6poj yroBopa ko yuecuuka
y peamusanmju [Ipojexra: UMU45003

] yroBOpa KOJ y4eCHUKA
y peamusanuju Ipojexra: UMH45003

3. 3a Yumsepsurer y Beorpany, Enemporexnmi’icij,}diﬁk“yﬁ,}ﬁr

EB. 6poj yroBopa kox yuecuuka
y peanmuzanuju Ilpojexra: UMU45003

4. 3a Yuusepsurer y Hosom Cany, ®a HHYKHX HayKa

EB. 6poj yroBopa ko yuecunka
y peanusauuju IIpojexra: UMU45003

6.  3a Yuusepsurer y Beorpaay, Mamun

¢~ mpog. ap Pagusoje Mutposuh, rexa

EB. 6poj yrosopa kxox yuecuuka
y peanusauuju IIpojexra: UMHU45003




10.

11.

12.

13.

3a Yuusepsurer y Beorpaxy, Mequuunckn daky.irer ~

npod. ap Pagusoje Murposuh, nexan

Es. 6poj yrosopa koj yuecHuka
y peanu3sanuju [Ipojexra: UMH45003

3a Yuusepsnrer y Beorpaay, Cromatosomkn daxyarer

npod. ap Mupocaas Bykaaunosuh, xexan

EB. 6poj yrosopa ko1 yuecHuka
y peama3auuju [Ipojexra: UMHU45003

3a Yuusepsnrer y Beorpany, Texnonomxo-Merany
npo¢. ap Hophe Janahkosuh, nexan

EB. 6poj yrosopa ko y4ecHuka
y peanmsauuju [Ipojexra: UMM45003

3a YHuBep3uter Yuuou, Pauynapeku pakyrrer

npo¢. ap Iparan Muuernh, nexan = Jeot
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EB. 6poj yrosopa koxn yuecHuka
y peanusauuju [Ipojexra: UMH45003

Kpumnnamermaxo-nommunjeka akazemuja y Beorpaay

npo¢. ap I'opan Bomxkosuh, nexan ot '(7) -~

Es. 6poj yrosopa koj yuecHuka
y peanmuzanuju [Ipojexra: UMH45003

EB. 6poj yrosopa koj y4ecHuka \";; W ey )
y peammsanuju [Ipojexra: I/II/II/I45003

PYKOBOJIMJIAILL IIPOJEKTA |
7‘> L ety

3anocneH y Yuusepsurer y Beorpany, Unctutyr 3a busuky

ap Heb6ojma Pomuesunh, nayunn caBernux
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Izvod

Solarne ¢elije sa fotoosetljivom bojom predstavljaju profitabilnu alternativu
konvencionalnim i komercijalizovanim uredajima na bazi kristalnog i amorfnog
silicijuma, kadmijum-telurida i pseudo-ternarnih jedinjenja bakra, indijuma, galijuma
i selena. Osnova ovih ¢elija jeste poluprovodni film titan(IV)-oksida (TiO,) na koji je
adsorbovan monosloj fotoosetljive boje. Boja i TiO, zajedno predstavljaju tzv.
fotoaktivnu elektrodu. Uloga boje jeste da apsorbuje zracenje, dok TiO, osim
mehanicke potpore boji obezbeduje i protok fotogenerisanih elektrona. U cilju izrade
efikasne fotoelektrode neophodno je obezbediti visoku poroznost i veliku specifi¢nu
povrsinu filma TiO,, kao i optimizovati opticka, morfoloSka i strukturna svojstva
materijala.

U ovoj doktorskoj disertaciji primenjena su dva istrazivatka pravca za
dobijanje elektrodnih filmova, ¢ija optimizacija je vrSena na osnovu fotonaponskih
parametara pripremljenih solarnih Celija. Prvi istrazivacki pravac bio je priprema
filmova polazeéi od komercijalnog nanocesticnog praha TiO,, uz upotrebu polietilen-
glikola (PEG) razli¢itih molarnih masa (1000-20000 g mol™'), prema do sada
neobjavljenim recepturama za paste. Paste su deponovane na transparentne provodne
supstrate tehnikom nanoSenja secivom i kalcinisane na temperaturi od 475 °C. Paste
pripremljene sa vezivnim agensima PEG4000, PEG6000, PEG8000 rezultovale su
poroznim filmovima bez pukotina i sa odlicnom adhezijom. Efikasnosti
fotokonverzije celija sa ovim elektrodama kreéu se do 4,31% pri halogenom
osvetljenju solarnog simulatora od 100 mW cm™, a koris¢ene su kao referentne
vrednosti za ocenu kvaliteta filmova dobijenih iz drugog istrazivackog pravca.

Drugi istrazivacki pravac bio je sinteza nanostrukturnog TiO, hidrotermalnom
metodom 1 procesiranje proizvoda sinteze u funkcionalne filmove. Sinteza je
podrazumevala upotrebu kompleksirajuéeg agensa (Na,EDTA) i nejonskog
surfaktanta (Triton X100), prema do sada neobjavljenoj eksperimentalnoj proceduri,
polaze¢i od titan(IV)-izopropoksida. Ovom metodom dobijene su cestice
»pirincastog® izgleda i malih dimenzija (<20 nm), organizovane u submikronske
micelarne strukture. Intenzivnim ultrazvuénim procesiranjem (60 minuta, 70 W)
proizvoda sinteze uz dodatak organskih agenasa, depozicijom pripremljene paste i

kalcinacijom na 500 °C, dobijeni su uniformni monolitni filmovi (uni-TiO,) visoke



specifiéne povriine od 158 m’g"'. Kratkotrajnim i blagim ultrazvunim tretmanom
(3 minuta, 7 W) proizvoda sinteze uz dodatak organskih agenasa, pripremljena je
pasta sa oCuvanim micelarnim strukturama. Depozicijom ove paste i kalcinacijom na
500 °C, dobijeni su nanostrukturni trodimenzionalni filmovi sa sfernim arhitekturama
(3D-Ti0,), specifiéne povrsine 135 m’g . U oba sluaja vrednost specifi¢ne povriine
visestruko je veéa od specifi¢ne povrsine referentnog komercijalnog praha (55 m*g™").

Sistemati¢na optimizacija konfiguracije ¢elija sa uni-TiO, filmovima, sastava
paste, temperature kalcinacije filmova i koncentracije titan(IV)-hlorida, tokom
tretmana koji je primenjen sa ciljem poboljSanja fotonaponskih parametara,
rezultovala je reproduktivnom efikasno$¢u fotokonverzije od 5,04%, uz vrednost
napona otvorenog kola 0,72 V, gustine struje kratkog spoja 11,336 mA cm * i faktora
idealnosti 0,616. S druge strane, ¢elije sa 3D-TiO, elektrodama imale su do 3,20%
efikasnosti, uz napon otvorenog kola 0,69 V, gustinu struje kratkog spoja
7,656 mA cm i faktor idealnosti 0,606.

Uzorci iz razlicitih faza eksperimenata okarakterisani su u potpunosti u cilju
utvrdivanja morfoloskih (SEM, FE-SEM, TEM), strukturnih (XRD, SAED, Raman),
optickih (UV-VIS-NIS spektroskopija) i teksturalnih (BET) svojstava. Osim toga,
fenomeni transporta nosilaca naelektrisanja u ¢elijama ispitani su metodama EIS i

OCVD, a dobijeni rezultati detaljno su diskutovani.

Kljuéne redi: titan(IV)-oksid, hidrotermalna sinteza, fotoelektroda, solarna éelija sa
fotoosetljivom bojom.
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SINTEZA 1 KARAKTERIZACIJA POLIMERNIH KOMPOZITA NA
BAZI MONOKRISTALA POLUPROVODNICKIH MATERIJALA

Rezime

Kompoziti sa polimernom matricom na bazi monokristala imaju veliki potencijal u
oblasti optickih komunikacionih sistema gde su aktivni mikro do nano kristali dispergovani u
opticki transparentnu matricu. Predmet ove doktorske disertacije obuhvata istraZivanja u
oblasti funkcionalnih optoelektronskih kompozitnih materijala s polimernom matricom za
primenu u elektronskim tehnologijama kao i u oblasti komunikacijskih i navigacionih tehnika
i mogucnosti razvijanja integralne optike i fotonike. U toku izrade ove disertacije izvedena je
sinteza polimernih optoelektronskih kompozitnih materijala kontrolisanih optickih svojstava.
Dobijanje visoko transparentnih kompozita moguée je s jedne strane kori§¢enjem
neorganskih punilaca dimenzija ¢estica manjih od talasne duzine elektromagnetnog zracenja,
da ne bi doslo do rasejavanja. Drugi nacin je ugradnja materijala sa slicnim vrednostima
indeksa refrakcije. U okviru ove disertacije izbor materijala pao je na poli (metil-metakrilat)
sa indeksom refrakcije ngoo= 1.49 1 kalcijum-fluorid sa ngp= 1.43.

Istrazivanja su iSla u dva pravca: a) sinteza monokristalnog CaF, kao funkcionalnog
nosioca u kompozitu i ugradnja u polimernu matricu; b) sinteza i karakterizacija kompozita
sa polimernom matricom ugradnjom kvantnih tacaka CdSe. Na ovako organizovan nacin
istrazivanja moze se pratiti i uticaj organizacije 1 dimenzija kristala na opticka i mehanicka
svojstva dobijenog kompozita.

Modifikovanom metodom vertikalni Bridzman u vakumu dobijen je visoko kvalitetni
monokristal CaF,. Dobijeni kristal je ispitivan metodam Raman i IC spektroskopijom.
Kristalna struktura je potvrdena rendgensko strukturnom analizom. U skladu sa teorijom
grupa primecéen je jedan Raman i dva infracrvena opticka moda. Niska fotoluminiscencija
svedo¢i o tome da je koncentracija defekata kiseonika u CaF, mala. Sva obavljena

istrazivanja pokazuju da dobijeni monokristal CaF, ima dobar opticki kvalitet. Nakon
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mlevenja Cestice monokristala su ugradene u polimernu matricu poli (metil-metakrilata).
Ugradnjom monokristalnog CaF, dobijen je kompozit sa o¢uvanim optickim svojstvima
monokristala, dok su termic¢ka i mehanicka svojstva poboljSana.

Kvantne tacke (quantum dots-QD) predstavljaju poluprovodne monokristalne
nanostrukture, €iji su nosioci naelektirisanja prostorno ograniceni u sve tri dimenzije.
Materijal od koga su tacke izradene definiSe njihove karakteristicne energijske vrednosti,
medutim ta¢ne vrednosti energijskog procepa su odredene veli¢inom tacke. Posledica ovoga
je Cinjenica da kvantne tacke izradene od istog materijala, ali razli¢itih veli¢ina emituju
zraenje razliCitih talasnih duzina. U okviru ovog rada izvedeno je ispitivanje uslova
dobijanja tankog filma od poli(metil metakrilat)-a dopiranog kvantnim tackama CdSe
metodom livenja iz rastvora. Termicka svojstva kompozita ispitana su metodom DSC.
Opticka svojstva ispitivana su analizom emisionog spektra pikosekundnim mernim sistemom
za merenje vremena zivota luminescencije. Mehanicka svojstva su ispitana primenom metode
nanoindentacije. Rezultati DSC Apokazuju da je za kompozitni film PMMA dopiranog s QD
dobijena je nesto niza T, u odnosu na ¢ist PMMA. Razlog za ovo sniZenje T, je interakcija
QD sa osnovnim polimernim lancem PMMA. Rezultati ispitivanja nanoindentacijom
pokazuju da dodatak QD povecava redukovani modul elesticnosti i tvrdoéu. I ovakvo
ponasanje kompozitnog filma ukazuje na interakciju nanocestica QD i osnovnog polimernog
lanca PMMA. Ove Cestice sprecavaju pokretanje polimernog lanca i na taj nacin poboljSavaju
mehanicka svojstva kompozita.Rezultujuéi fluorescentni spektar kompozitnog filma pokazao

je da su QD zadrzale svoja opticka svostva i da odli¢no reaguju u PMMA matrici na pobudu.

Klju¢éne rec¢i: Kompozitni materijali, monokristal, kvantne tacke, fluoroscencija,

nanoindentacija

Nauéna oblast: InZenjerstvo materijala

UDK: 66.017:548.55
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Elektrohemijska i povrSinska karakterizacija trokomponentnih legura sistema Ag-

Cu-Zn u blisko neutralnim hloridnim rastvorima

REZIME

Predmet istrazivanja disertacije bile su legure sistema Ag-Cu-Zn sli¢nog sastava faza u
sirokom opsegu sadrzaja srebra. Metali za sve ispitivane legure dobijeni su reciklazom
elektronskog otpada. Nakon dobijanja dvostrukim topljenjem i homogenizacionog
zarenja u trajanju od 24h u atmosferi azota izvrSena je povrsinska i elektrohemijska
karakterizacija ovih legura. Kao legure za uporednu analizu koriene su legure sistema
Ag-Zn i Cu-Zn, sastava sli¢nog fazama ispitivanih legura i legura Ag40Cu30Zn30 ¢iji

se fazni sastav znacajno razlikuje od preostale tri trokomponentne legure istog sistema.

Termodinamicka analiza Ag-Cu-Zn sistema izvrena je kori§¢enjem faznih dijagrama i
Pandat softvera. Za povrSinsku karakterizaciju homogenizovanih legura kori¢ena je
skenirajuca elektronska mikroskopija sa rentgenskom analizom (SEM/EDS) i

rentgenskom difrakcijom (XRD).

Elektrohemijsko ponaSanje legura sistema Ag-Cu-Zn ispitivano je u deaerisanim i
prirodno aerisanim neutralnim rastvorima NaCl koncentracije 3,5% (masenih),
sintetiCko] morskoj vodi, prirodnim filtriranim morskim vodama i boratnom puferu
(pH=8.1) sa (masenih) 3,5% NaCl, kori§¢enjem potenciodinamickih merenja, linearne

polarizacije, cikli¢ne voltametrije 1 potenciostatskih merenja.

Anodni film formiran na ispitivanim legurama hronoampermetrijski na 0,0 V i +0,25 V
(vs. ZKE) je ispitivan: rentgenskom difrakcijom, FE SEM/EDS metodom, Raman

spektroskopijom i MALDI masenom spektrometrijom.

Utvrden je isti mehanizam korozije prilikom anodne polarizacije za sve legure u svim
hloridnim rastvorima, osim u puferisanom rastvoru NaCl. Narocito je slicno ponaSanje
legura Agd3Cu37Zn20 i Ag25Cu52,5Zn22,5. Legura sa 25% (mas.) srebra ima sli¢nu
otpornost na koroziju u 3,5% rastvoru NaCl kao legura sa 40% (mas.) srebra, §to je
nedvosmisleno uticaj faznog sastava. Pri slicnom faznom sastavu legura koroziona
otpornost raste sa veéim udelom srebra (faze bogate srebrom). Sve ispitivane legure
sistema Ag-Cu-Zn nemaju pasivnu oblast u svim rastvorima osim puferskog, gde se

javlja pseudo-pasivna oblast na polarizacionim krivama.



Faza bogata bakrom (Cu) je kriti¢na za korozionu otpornost legura. Ona se pri anodnoj
polarizaciji prva rastvara $to je utvrdeno analizom polarizacionih krivih, hemijskim

analizama, XRD analizom i SEM snimcima.

Anodni film dobijen potenciostatskom metodom na potencijalu od 0,0 V vs. ZKE se
sastoji pretezno od CuCl. Povrsinski film dobijen na potencijalu od +0,25 V vs. ZKE je
kompleksnog sastava i sastoji se iz: CuCl (nantokita), cink hidroksihlorida ($-Zn(OH)CI
i simonkolajt — Zns(OH)gCl,-H,0) i Cu,O. kako je utvrdeno XRD metodom. To je
potvrdeno Raman spektroskopijom i MALDI masenom spektrometrijom a ove dve

metode su ukazale i na prisustvo AgCl i CuO/Cu(OH),.

Korozioni mehanizam prilikom anodne oksidacije u 3,5% (mas.) NaCl u boratnom
puferu se znacajno razlikuje od ostalih ispitivanih rastvora. Iz polarizacionih krivih i
hemijskih analiza rastvora =zakljueno je da se povrSinski film sastoji od
oksida/hidroksida bakra (Cu,O, Cu(OH),/CuQ) a da se cink rastvara i ostaje u obliku

rastvornih hidratisanih jona.

Kljuéne reci: Ag-Cu-Zn, legure, hloridni rastvori, morska voda, boratni pufer, anodni
film, elektrohemija. korozija. Tafel. Polarizacija. Ciklicna voltametrija, Rentgenska

difrakcija, Raman spektroskopija, masena spektrometrija, MALDI, SEM/EDS.

Naucna oblast: Metalur§ko inZzenjerstvo
UZa naucna oblast: Elektrometalurgija

UDK broj: 620.193.4:669.225°3°5(043.3
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NPEATOBOP

Ose romune ce oapxapame KoHrpeca moknana ca 140, ToauIImUIIOM TTOTIHCHBAKA
Merapcke KOHBeHIHje U [ 0IMHOM CBETJIOCTH, IPOTTIAIEHOM O CTpaHe YjeIHBbeHnX Haly)ja,
Tako na he ce oBa aBa morafjaja nocebHO 00eNeKUTU KPO3 IBa VBOIHA ITPeaaBakba.

Vnpasuu onxbop Jlpviurea Merpoaora je, 300r mokiamama €a TOTAIIEBLHLIIOM
Merapcke koHBeHIHje, 0Tyuno Aa opranuszarop Konrpeca Oyze Heko Ko ce 6aBu MepemeM
Oy’)KMHA, a TO je Merposomka jgadoparoprja 3a €TAJIOHHPAmE MEPUIA YIia U IyKHHE.
Jladoparopuja Beh 30 rommHa yvcememHOo paam v okBHpY HHcTHTyTAa 32 Teoxesujy u
reoundopmaruky Ha ['paheBunckom dakvarery Yuusepsurera y beorpaxy. Opanusarop ce
motpyauo Ja okynu Behn Opoj crpyumaka U3 001acTH MeTposioruje ca daxkviarera, U3
HAYYHO-MCTPAKUBAYKAX HHCTHTYTA, METPOIOMIKUX JT1abopaTopHja. ..

Tpamuumonanso, KoHrpec uMa 3a b pa3Meny HHpOpManuja, HAYUIHAX U CTPY THHX
Ca3Hamka U NoOOIbIIAKE KBATUTETa V CBUM oOmactima Metposoruje. Pazosu Ha Konrpecy ¢y
rpyviucann vy cexmmje npema kiaacudpukauuju IMEKO (International Measurement
Confederation, www.imeko.org). PaioBu, mux TpHIECETaK, Cy IITAMMAHH Y €IEKTPOHCKO]
dopmu, Ha USB Memopuju.

Oprasuszaunjy Konrpeca u wramname 300pHHKA pagoBa j€ MOMONIO MUHHCTAPCTBO
NPOCBETE, HAYKe U TeXHOIOWKOr pazsoja PenyOauke Cpouje.

V Beorpany, INpencennuk Hayunor oabopa
Oxrodap, 2015. B. nmpod. ap Cunumua [leiues, TATLT. T€01. HHK.
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Marijana Terzi¢, Nenad MiloSevi¢, Nenad
Stepanic

PROJEKTOVANJE, IZRADA | VALIDACIJA APARATURE ZA
ODREBIVANJE TOPLOTNE PROVODNOSTI SLABO PROVODNIH
CVRSTIH MATERIJALA PO METODI JEDNOSTRANE ZASTICENE
TOPLE PLOCE

lyliroslav Benisek, Dejan lli¢, Dorde
ICantrak, Novica Jankovié

INSTALACIJA ZA KALIBRACIJU PROTOKOMERA VISOKE TACNOSTI

Nenad Stepani¢, Marijana Terzi¢, Nenad
MiloSevié

UTICAJ ASIMETRIJE IZVORA TOPLOTE NA NESIGURNOST
ETALONIRANJA TOPLOTNIH FLUKSMETARA METODOM
AKSIJALNOG TOPLOTNOG TOKA SA ZASTITNOM OBLOGOM

Mirjana Mladenovié, Vitomir Mrvaljevi¢,
Dragan Lazié¢

ETALONIRANJE DIGITALNIH TERMOHIGROMETARA

Sesija A - Konferencijska sala |: 17%° - 18%

Radionica | - Medulaboratorijska poredenja

Predsedavajuci: Predstavnik DMDM




UTORAK, 13.10.2015.

Sesija 3 - Konferencijska sala I: 9% - 11%®

TC3 - Measurement of Force, Mass and Torque/Merenje sile, mase i torzije; TC8 - Traceability in
Metrology/Sledivost u metrologiji; TC14 - Measurement of Geometrical Quantities/Merenje
geometrijskih veliina

Predsedavajuéi: dr Branislav Tanasié¢

CALIBRATION PROCEDURE OF HORIZONTAL CYLINDRICAL FIXED
TANK USING LASER SCANNING AND SURVEY OF THE RESULTS IN
RELATION TO THE VOLUMETRIC METHOD

Drago Bijeli¢, Nedeljko Bencuz, Ranko
Liepojevié

Vitomir Mrvaljevic, Dragan Lazic, Jasminka (o5 oNIRANJE CENTRIFUGE ZA TESTIRANJE PILOTA

Jelisavac

Vitomir Mrvaljevié ETALONIRANJE CENTRIFUGE ZA SELEKCIJU PILOTA

VIastimir Gluhovic, Srdjan Damjanovic, ANALIZA PERIODA ETALONIRANJA MJERNIH INSTRUMENATA U
Biljana Petric METROLOSKOJ LABORATORIJI ORAO A.D.

Sesija 4 - Konferencijska sala II: 9%° - 11%°

TC9 - Flow Measurement/Merenje protoka; TC12 - Temperature and Thermal Measurements/Merenje
temperature i toplote

Predsedavajuci: dr Ljiljana Brajovic

ISPITIVANJE DIFERENCIJALNIH UNIDIREKCIONALNIH PRETVARACA

Zelimir Nedovié PRITISKA.

EKSPERIMENTALNO ODREBIVANJE FAKTORA PRIGUSENJA |
KASNJENJA OSCILACIJA TEMPERATURE GRABPEVINSKIH
OBJEKATA

Milica Mirkovi¢, Goran Todorovi¢, Radovan
Gospavi€, Zeliko Jovanovi¢, Ljiljana Brajovic

IANEMOMETRIJSKI METROLOSKI USLOVI ZA AEROTUNELE |
Branko Zivkovic, Predrag Kolarz NJIHOVA ZADOVOLJENOST U METEOROLOSKOJ LABORATORIJI
RHMZ SRBIJE

Skupstina Drustva metrologa - Konferencijska sala I: 12%° - 14%

| Pauza za ruéak

Sesija 5 - Konferencijska sala I: 15% - 16~

TC4: Measurement of Electrical Quantities/Merenje elektri€nih veli€ina; TC8 - Traceability in
Metrology/Sledivost u metrologiji; TC14 - Measurement of Geometrical Quantities/Merenje
geometrijskih veli¢ina

Predsedavajuéi: dr SiniSa Del€ev

Jelena Gucevi€, Sinisa DelCev, Vukan VALIDATION OF NON-STANDARD METHODS FOR CALIBRATING
Ogrizovi¢, Stefan Miljkovié TERRESTRIAL LASER SCANNERS

PROVERA PRECIZNE PANTLJIKE IZRAVNANJEM OPAZANIH

Zarko Nestorovic PRAVACA | DUZINA MERENIH TOTALNOM STANICOM

SIMULACIJA PT PROVAJDERA ZA ISPITIVANJE OSPOSOBLJENOSTI

Ankica Milinkovic TOU DIMENZIONALNIH MERILA PRIMENJENIH U GEODEZIJI

Misa Marku$, Neda Spasojevi¢, Ivica SISTEM ZA MERENJE BRZINE PROJEKTILA | BRZINE PALJBE VFR-2 |
Milanovié POSTUPAK NJEGOVOG ETALONIRANJA
Sanja Tucikesi¢, Ankica Milinkovi€, ODREDBIVANJE NAGIBA | SAVIJENOSTI RAVNI KOJU OPISUJE ZRAK

Kornelija Risti¢ ROTACIONOG LASERSKOG NIVELIRA




Sesija 6 - Konferencijska sala Il: 15%° - 1

630

TC3 - Measurement of Force, Mass and Torque/Merenje sile, mase | torzije; TC4: Measurement of
Electrical Quantities/Merenje elektri€¢nih veli€¢ina; TC8 - Traceability in Metrology/Sledivost u

metrologiji

Predsedavajuci: dr Platon Sovilj

Ivica Milanovi¢, Neda Spasojevi¢, Misa
Markus

MERENJE KRATKOTRAJNE STABILNOSTI FREKVENCIJE -
MOGUCNOSTI LABORATORIJE TEHNICKOG OPITNOG CENTRA |
DALJI RAZVOJ

Platon Sovilj, Dragan Peji¢, Bojan Vujigi¢,
Marjan Urekar, Nemanja Gazivoda

METROLOSKA VERIFIKACIJA 2-BITNOG STOHASTICKOG
INSTRUMENTA ZA MERENJE EFEKTIVNE VREDNOSTI UNIFORMNOG
SUMA

Rajko Spasojevic, Bojan Sekularac,
Vladimir Martinovic

THE PROJECT ON LINE MONITORING METHODS IN PROAKTIVE
MAINTENANCE IN OPEN PIT KOLUBARA

Dragan Lazic

PRIKAZ OSNOVNIH MODELA GRESAKA INERCIJALNIH SENZORA

SREDA, 14.10.2015.

Izlet 9 - 14" (Sarganska osmica)

Sesija B - Konferencijska sala I: 17%° -1

830

Radionica Il: Normativna dokumenta (direktive) DMDM i standardi

Predsedavajuci: dr Branislav Tanasi¢

20% - ?? SVECANA VECERA

CETVRTAK, 15.10.2015.

Sesija 7 - Konferencijska sala: 9% - 10*

TC3 - Measurement of Force, Mass

and Torque/Merenje sile, mase i torzije; TC12 - Temperature and

Thermal Measurements/Merenje temperature i toplote

Predsedavajuci: dr Jelena Gucéevic

Mladen Mirié, Milos Dordevi¢

LEGURE ZLATA ZA |ZRADU NAKITA — OD PRE 140 GODINA DO
DANAS

Oleg Odalovic, Sanja Grekulovic, Miljana
Todorovic Drakul

ANALIZA TACNOSTI PODATAKA SATELITSKE MISIJE GOCE NA
TERITORIJI REPUBLIKE SRBIJE

Sofija Naod, Ljiljana Brajovié, Oleg
Odalovié, Miodrag Malovi¢, Goran
Todorovi¢, Radovan Gospavié

GRAVITACIONI GRADIOMETRI KOJI SE KORISTE U SATELITSKIM
MISIJAMA - PRINCIP RADA | MERNE KARAKTERISTIKE

Srdjan Damjanovic, Predrag Katanic.
Borislav Drakul

SISTEM ZA MJUERENJE | OBRADU PODATAKA O KVALITETU
VAZDUHA

| 11

%9.12% Zatvaranje Kongresa

Povratak




PEIIYBJ/IMKA CPBUJA

3aBo/1 32 HHTEJNEKTYAJHY CBOJHHY
beorpan, Kuerume Jbyouie 5

UCITPABA O MAJIOM ITATEHTY

bpoj 1597 U1

[TogHocuoumMma npujase 3a NpU3HAKE MaJIor NMaTeHTa
KOJIAPXK, IIpeapary, ap, Ceeroropcka 30, 11000 Beorpan, RS;
hYPUYU'h, Muaunu, 1p, Cro6onana Ileposuha 4/1, 11000 Beorpan, RS;
I'MJIMR, Maprusnu, ap, bawanayuka 2, 11000 Beorpan, RS;
XAIIMh, Bpankn, ap, F'ananjeBa 35A, 11000 Beorpaa, RS,
NIPU3HAT j€ MaJli [IATeHT 0] HA3MBOM
MOAUPUKOBAHU HOCAY 3A BEPTUKAJIHO ITO3UITUOHUPAILE
TABJETHHX Y30PAKA O/] TIPAINIKACTUX MATEPUJAJIA KOJH JE IEO
KOMOPE 3A BAKYYMUPAIE U XJIABEBE KOJA CE KOPUCTH Y
CIHHEKTPOCKOIICKUM MEPEILUMA
no npujasu MIT - 2018/0028, moauetoj 19.06.2018. rogune.

Manu nateHT je ynucan y Perucrap manux naresara 03.04.2019. rogune,
1 00jaBibeH y [acHUKy MHTeneKTyanHe cBojune 6poj 4/2019 nana 30.04.2019. roaune.

Manu nateHT Baxku 10 19.06.2028. roauHe, moj ycioBom
Jla ce TOJMIIIbE TAKCE 3a HEroBO OJpIKaBamke PeJIOBHO iahajy.

Osga ucrnpaBa u3zaTa je Ha ocHoBY wiana 110. 3akoHa o maTeHTHMa,

("Cmyx6enu rnacuuk PC", 6p. 99/11).

beorpan, 03.05.2019. ronune
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