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MODULATIONS AND TWINNING — NIGHTMARE OF
CRYSTALLOGRAPHERS (?)

V. Petfi¢ek®, M. Dusek?, J. Plasil®

“ Institute of Physics, Academy of Sciences of the Czech Republic, Na Slovance 2, 182 21
Praha 8, Czech Republic
e-mail: petricek@fzu.cz

Structure analysis of regular single crystals based on the diffraction technique is
nowadays a standard procedure, which can provide a complete structure solution within
hours. This method is used not only for structural study of newly prepared substances
but also for study of phases transitions, which can completely change physical properties
of the studied crystal. Phase transition may change symmetry of the crystal, and this
process is often accompanied with development of independently diffracting domains
oriented according to the lost rotation operations. Then the structure analysis becomes
more difficult as diffraction spots from different domains are overlapping. However, for
cases when the original phase is known, there is a good chance to solve the lower
symmetrical phase as some perturbation of the original structure. On the other hand,
twinning can also be found in standard samples and natural minerals as a result of crystal
growth. Then the solution can really be a difficult task.

The most difficult cases are twins by sygnonic and metric merohedry (i.e. class I, ITA
and IIB from [1]). The difficulty of structure analysis of twins with complete overlaps of
diffractions spotsconsists in the fact the problem cannot be simply recognized from the
diffraction pattern and only serious troubles during the solution and refinement process
can indirectly indicate that the crystal is a twin. The Laue symmetry of the diffraction
pattern need can be higher or lower than the real symmetry of the crystal depending on
the group-subgroup relationship between lattice and structure symmetry. Moreover,
extinction conditions used for determination of the space group can also be hidden
because of the overlaps. Then, standard symmetry tests fail and more detailed symmetry
test, taking into account twin operations, is needed. Such a procedure is implemented in
the structure solution package Jana2006 [2], [3] and its application to different examples
will be presented in the lecture.

Another problem is presence of modulations in the crystal. In such systems the original
three-dimensional symmetry is violated, and additional diffraction spots (satellite
reflections) regularly distributed in the diffraction pattern appear as the result of this
violation. Diffraction pattern of a modulated crystal can be completely indexed when
more than three diffraction indices are used. Contrary to twins with complete overlaps,
modulated structures can be easily recognized directly from the diffraction pattern.
However, as the translation symmetry is lost we cannot use for symmetry description
standard space groups. For this purpose, P. de Wolff, T. Jenssen and A. Janner [4] have
developed a powerful and elegant theory of superspace, where the diffraction pattern can
be spanned into (3+d) (d=1,2,3) dimensional space and diffraction spots, including
satellites, are making (3+d) dimensional lattice. This also means that Fourier transform,
which is related withgeneralized electron density, is a periodic function in the
superspace. This approach allows generalization of all method used in the standard
structure analysis such as Fourier maps, distance calculations, structure refinement etc.
Modulated structures are described by the same set of parameters (atomic occupancies,
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coordinates and displacement parameters) but each of these parameters can be a periodic
function of the actual position of the corresponding atom in the crystal. For calculation
of structure factor, a numerical integration formula is used taking into account all
representative values of the modulated atomic or molecular parameters. This also means
that all calculation are considerably slower than for standard structure analysis.
Nowadays, most of commonly used data collection programs allow data processing of
modulated crystals, while generalized symmetry test and structure refinement are
available in the Jana software. Until recently, a weak point was finding good starting
parameters of modulation waves. This weak point has been recently overcome with the
program Superflip by L. Palatinus [4] based on charge flipping. This program is the best
solution tool especially for strongly modulated structures.

Modulated structures can also be affected by twinning. Often, modulation vector is not
compatible with the average symmetry as follows from the main diffraction spots, and
we can even recognize several modulation vectors of the same size. This indicates
presence of more modulated domains related by the lost rotation symmetry. As an
example, we present the recently solved structure of Phase-X K, sMg,Si,O;Hys [6],
where diffraction pattern simulates a (3+2)d commensurate hexagonal modulated
structure. Even the mixed satellites usually considered prove of a five dimensional
structure are present. However, the real structure is an orthorhombic commensurately
modulated (3+1)d structure composed from three independently diffracting domains
(blue, green and red).

b
In the lecture, we shall present several examples of already solved problems and
methods used for solving of such problematic structures.

[1IM. Nespolo, G. Ferraris, Z Kristallogr. 215, (2000), 77-81.

[2] V. Petiicek, M.Dusek, L.Palatinus, Z.Kristallogr. 229, (2014), 345-352.

[3] V. Petiicek, M.Dusek,J. Plasil, 231, (2016), 583-599.

[4] P. M. de Wolff, T. Janssen, A. Janner, Acta Cryst. A37, (1981), 625-636.

[5] L. Palatinus, G. Chapuis, J.App!l.Cryst.40, (2007), 786-790.

[6] M. D.Welch, L. Bindi, V. Petficek, J. Plasil, Acta Cryst. B72, (2016), 822-827.
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STRUCTURAL STUDIES OF ENERGY MATERIALS:
DEVELOPMENT OF ELECTROLYTES FOR SOLID OXIDE
FUEL CELLS

1. Radosavljevic Evans®

“ Department of Chemistry, Durham University, Science Site, Durham DHI 3LE, UK
e-mail: ivana.radosavljevic@durham.ac.uk

An in-depth understanding of the structure — property relationships is essential for the
successful discovery and preparation of new functional materials capable of overcoming
the limitations of the currently used ones. As materials’ complexity increases, structural
characterisation using a range of scattering-based and complementary techniques and
state-of-the-art data analysis approaches, aided by computational simulations, is essential
in providing this insight.

This presentation will give an overview of our recent work on oxide ion conductors:
the elucidation of key design principles, defects and mechanisms giving rise to ionic
mobility; the development and use of advanced structural data analysis methodologies
capable of tackling exceptionally complex crystallographic problems arising from phase
transitions; the complementary use of long-range and local structural probes in
understanding the structure, properties, disorder and dynamics.

[1] X. Kuang, J. L. Payne, M. R. Johnson and I. Radosavljevic Evans, Angewandte
Chemie International Edition, 51(2012) 690.

[2] I. Radosavljevic Evans, J. S. O. Evans, H. G. Davies, A. R. Haworth and M. L. Tate,
Chemistry of Materials, 26 (2014) 18, 5187.

[3] M. L. Tate, D. A. Blom, M. Avdeev, H. E. A. Brand, G. J. McIntyre, T. Vogt and 1.
Radosavljevic Evans, Advanced Functional Materials, 27 (2017) 8, 1605625.

[4] J. R. Peet, A. Piovano, M. R. Johnson and I. Radosavljevic Evans, Dalton
Transactions, 46 (2017) 12494,

[5]J. R. Peet, M. S. Chambers, A. Piovano, M. R. Johnson and 1. Radosavljevic Evans,
Journal of Materials Chemistry A, 6 (2018) 5129.
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CHARGE AND SPIN DENSITY IN POSITION AND MOMENTUM
SPACE, DENSITY MATRICES, WAVE FUNCTIONS AND
ENERGIES OF PERIODIC SYSTEMS, FROM THEORY OR
EXPERIMENTS. IN ONE WORD:

QUANTUM CRYSTALLOGRAPHY

P. Macchi *

“ Department of Chemistry and Biochemstry, University of Bern, Freiestrasse 3, 3012
Bern, Switzerland
e-mail: piero.macchi@dcb.unibe.ch

Quantum mechanics and crystallography progressed in symbiosis since the early
days of X-ray diffraction experiments on crystals. The first measurements revealed the
structures of solids and molecules, which led to the modern theories on chemical
bonding. This close relationship involved also the electronic structures of solids, because
the X-rays interact with the electrons and they map their distribution around atoms and
the correlation among them. Other radiations (like neutrons) may be used to visualize the
distribution of spin density.

These experiments represent the core of the growing field called Quantum
Crystallography. Although initially defined by Massa et al. [1] only in relation with
calculations of wave function or density matrices from crystal X-ray diffraction
experiments, a broader definition enables nowadays to include a large variety of well-
established  experimental  models, theoretical calculations and  mixed
experimental/theoretical modelling (see also Grabowsky et al. [2]; Tsirelson [3] and
Genoni et al. [4]).

In Quantum Crystallography, the objects of study are crystalline materials, with two
distinct purposes: a) Investigating properties of condensed matter, in periodically
homogeneous systems; b) Using the magnifying effect of a periodic arrangement to
visualize fine molecular features

The quantum mechanical part emerges from the probabilistic description of electron
distribution and movement, by means of a wave function, its one- or two-electron
densities, its density matrices etc. Because electrons possess an intrinsic angular
momentum, spin polarized wave functions and densities are necessary. Moreover, all the
functions can be represent in momentum or position space.

Quantum Crystallography may find applications in modern materials science,
because it seamlessly combines the atomic and electronic structures of a solid with its
behavior (spontaneous or stimulated).

[1] L. Massa, L. Huang, J. Karle, Int. J. Quantum Chem.: Quantum Chem. Symp. 29
(1995), 372-384.

[2] S. Grabowsky, A. Genoni, H.-B. Biirgi, Chem. Sci. 8(2017), 4159-4176.

[3] V. Tsirelson, J. Comput. Chem. 39 (2017), 1029-1037.

[4] A. Genoni, L. Bucinsky, N. Claiser, J. Contreras-Garcia, B. Dittrich, P. M.
Dominiak, E.Espinosa, C. Gatti, P. Giannozzi, J.-M. Gillet, D. Jayatilaka, P. Macchi, A.
. Madsen, L. J. Massa, C. F. Matta, K. M. Merz,P. N. H. Nakashima, H. Ott,, U. Ryde,
K. Schwarz, M. Sierka, S. Grabowsky,Chemistry Eur. J., 24 (2018), in the press.
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MEHANIZAM I KINETIKA NEIZOTERMSKE RAZGRADNJE
KOMPLEKSA METALA d-BLOKA SA
BENZENPOLIKARBOKSILATO-JONIMA

J. Zdravkovi¢®, D. Poleti®, J. Rogan®, D. M. Mini¢ ¢

Inovacioni  Centar—TehnoloSko-metalurski  fakultet,  Univerzitet u  Beogradu,
Karnegijeva 4, 11000 Beograd, Srbija; "Tehnolosko-metalurski fakultet, Univerzitet u
Beogradu, Karnegijeva 4, 11000 Beograd, Srbija; ° Fakultet za fizicku hemiju,
Univerzitet u Beogradu, Studentski trg 16, 11000 Beograd, Srbija

e-mail: jtanasijevic@tmf.bg.ac.rs

Tokom poslednje decenije, dizajn i sinteza kompleksa prelaznih metala rezultirala
je brojnim kristalnim strukturama koje se protezu od diskretnih (0D) jedinki do
koordinacionih polimera koji mogu biti jedno- (1D), dvo- (2D) ili trodimenzionalni (3D)
sa veoma raznovrsnim strukturnim karakteristikama. Imaju¢i u vidu da su funkcionalna
svojstva ovih materijala povezana sa njihovom kristalnom strukturom, proucavanje
njihove termicke stabilnosti i mehanizma razgradnje je od velikog znacaja.

Uradu je ispitana termicka stabilnost pet kompleksa prelaznih metala (Cu, Ni i
Zn) sa anjonima aromati¢nih polikarboksilnih kiselina: ftalne, izoftalne i piromelitne
kiseline i razli¢itim aminskim ligandima, kao §to su etilendiamin, bipiridin i 2,2'-
dipiridilamin. Posebna paznja posvecena je nacinu koordinacije odgovarajuceg
polikarboksilato-jona i konformaciji karboksilat-grupa koji uslovljavaju razlicitu
dimenzionalnost (0 — 2D) ispitivanih materijala. U cilju detaljnog ispitivanja mehanizma
i kinetike termicke degradacije na sistematski naCin je u Sirokom temperaturskom
opsegu 20 — 1000 °C termi¢ko ponaSanje povezano sa strukturnim karakteristikama
kompleksa uz primenu eksperimentalnih (TG/DTA/DSC, XRPD, TG-MS, FT-IR,
FESEM i BET) i racunskih metoda (DFT, MD), kao i dekonvolucionih tehnika (primena
Frejzer-Suzuki funkcije i funkcije vektorskog proizvoda Gausove i Lorencove funkcije).
Za sve komplekse odreden je detaljan mehanizam, termodinamika i kinetika termicki
aktivirane razgradnje. Individualni stupnjevi izdvojeni dekonvolucijom slozenih DTG
pikova u predlozenom mehanizmu okarakterisani su kinetickim tripletom, odnosno
Arenijusovim parametrima (E£,1 A) i konverzionom funkcijom (f(a)). Kao kriterijum za
odredivanje reakcionog modela koriiéene su Malekova i Sestak-Bergrenova metoda.
Pokazano je da se svi pojedinacni stupnjevi, sa malim izuzecima, mogu opisati
dvoparametarskim Sestak-Bergrenovim modelom (ffa) = a "(1 — @)") sa razli¢itim
vrednostima kineti¢kih parametara m i n.

Zahvalnica
J. Zdravkovi¢ zahvaljuje Internacionalnoj uniji za kristalografiju na finansijskoj pomoc¢i
za mlade naucnike.

[17J. Zdravkovi¢, D. Poleti, J. Rogan, D. M. Mini¢, Polyhedron, 80 (2014) 256-264.

[2] J. Zdravkovi¢, D. Poleti, J. Rogan, N. N. Begovi¢, V. A. Blagojevi¢, M. Vasi¢, D. M.
Minié, Journal of Thermal Analysis and Calorimetry, 123 (2016) 1715-1726.

[3] J. D. Zdravkovi¢, D. D. Poleti, J. R. Rogan, V. A. Blagojevi¢, K. M. Szécsényi, D.
M. Mini¢, Journal of Analytical and Applied Pyrolysis, 126 (2017) 323-331.

[4] J. Zdravkovi¢, L. Radovanovié, D. Poleti, J. Rogan, P.J. Vuli¢, Z. Radovanovié,
D.M. Minié, Solid State Sciences, 80 (2018) 123—131.
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MECHANISM AND KINETICS OF NON-ISOTHERMAL
DEGRADATION OF d-METAL COMPLEXES WITH
BENZENPOLYCARBOXYLATO IONS

J. Zdravkovi¢®, D. Poleti®, J. Rogan®, D. M. Mini¢ ¢

Innovation Centre — Faculty of Technology and Metallurgy, University of Belgrade,
Karnegijeva 4, 11000 Belgrade, Serbia; "Faculty of Technology and Metallurgy,
University of Belgrade, Karnegijeva 4, 11000 Belgrade, Serbia; © Faculty of Physical
Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade, Serbia

e-mail: jtanasijevic@tmf.bg.ac.rs

For the last decade, design and preparation of transition metal complexes resulted
in an extremely wide range of discrete zero dimensional (0D) compounds, and
coordination polymers with infinite one- (1D), two- (2D) or three-dimensional (3D)
frameworks and very diverse structural features. Having in mind that the functional
properties of these materials are related to their crystal structure, the investigation of
their thermal stability and the mechanism of degradation is of great importance. For that
reason thermal stability of five transition metal (Cu, Ni and Zn) complexes containing
the anions of aromatic polycarboxylic acids: phthalic, isophthalic and pyromellitic acid,
and different amine ligands such as ethylenediamine, bipyridine and 2,2'-dipyridylamine
was investigated. Special attention has been devoted to the coordination mode of the
corresponding polycarboxylato ion and the conformation of the carboxylate groups
which cause the different dimensionality (0 — 2D) of the investigated materials.

In order to systematically examine the mechanism and kinetics of thermal
degradation within wide temperature range 20 — 1000 °C, the correlation of thermal
behavior with the structural features of the complexes was established using the
experimental (TG/DTA/DSC, XRPD, TG-MS, FT-IR, FESEM, BET) and calculation
methods (DFT, MD), as well as deconvolution techniques (application of the Fraser-
Suzuki function and function of the vector product of Gaussian and Lorenz functions). A
detailed mechanism, thermodynamics and kinetics of thermally activated degradation for
all complexes are established. Individual steps isolated by deconvolution of complex
DTG peaks in the proposed mechanism are characterized by a kinetic triplet, namely
Arrhenius parameters (E, and 4) and a conversion function (f{e;)). Malek's and Sesték-
Berrgren’s methods were used as the criteria for determining the reaction model of
individual steps. It has been shown that all individual steps, with few exceptions, can be
described by the two-parameter Sestak-Berrgren’s model (ffa) = o "(1 — a)")) with
different values of the kinetic parameters m and n.

Acknowledgement
J. Zdravkovi¢ is grateful to the International Union of Crystallography for young
scientist award.

[1]J. Zdravkovi¢, D. Poleti, J. Rogan, D. M. Minié, Polyhedron, 80 (2014) 256-264.

[2] J. Zdravkovi¢, D. Poleti, J. Rogan, N. N. Begovi¢, V. A. Blagojevi¢, M. Vasié, D. M.
Minié, Journal of Thermal Analysis and Calorimetry, 123 (2016) 1715-1726.

[3] J. D. Zdravkovi¢, D. D. Poleti, J. R. Rogan, V. A. Blagojevi¢, K. M. Szécsényi, D.
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SPECIAL PROBLEMS IN METAL-ORGANIC FRAMEWORK
CRYSTALLOGRAPHY

C. Janiak

Institute of Inorganic and Structural Chemistry, Heinrich-Heine University Diisseldorf,
40204 Diisseldorf, Germany
e-mail: janiak@uni-duesseldorf.de

Metal-organic frameworks (MOFs) are considered here as proven porous network solids
consisting of discrete inorganic secondary building units (SBUs) and multidentate
organic ligands (linkers).

Single crystal and also powder X-ray diffraction with Rietveld refinement is the most
utilized and powerful tool for structure determination of porous, crystalline metal—
organic frameworks (MOFs) [1]. At the same time structure elucidation of new MOFs is
usually imperative for publications. The porosity or potential porosity of MOF leads,
however, to special crystallographic problems, such as scattering effects from the not
well ordered guest (solvent) molecules in the pores, degradations of the MOF crystals
due to loss of solvent molecules, small crystal size, low diffraction power, disorder of
ligands, defects in SBUs or linkers or both, subsequently high R values etc. From our
experience we will present and discuss recent MOF structures from our group, as for
example shown in Fig. 1 and Fig. 2:

Figure 1: Left: Framework in [Co4(p4-O)(MeypzCsH4CO,);] as IRMOF analogs with the
pyrazolate-benzoate ligand. The ligands are crystallographically disordered by a C,
symmmetry operation [2]. Right: Cubic arrangement of metal clusters and internal urea-
functionalized dicarboxylate linkers (L) in [Zny(us-O)(L1);] with IRMOF topology (the
orientation disorder of one of the linkers has been removed for clarity) [3].
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Figure 2: Defect characterization in UiO-66 with ideal "[Zrs(u3-OH)4(1t3-0)4(0,C)15]"
secondary building unit with one bridging linker shown in full and all disordered atoms.
The shown C, O and N atoms are not fully occupied [4].

[1] S. @ien-@degaard, G. C. Shearer, D. S. Wragg, K. P. Lillerud, Chem. Soc. Rev., 46,
46 (2017) 4867-4876.

[2] C. Heering, I. Boldog, V. Vasylyeva, J. Sanchiz, C. Janiak, CrystEngComm, 15
(2013) 9757-9768.

[3] S. Glomb, D. Woschko, G. Makhloufi, C. Janiak, ACS Appl. Mater. Interfaces, 9
(2017) 37419-37434.

[4] C. A. Trickett, K. J. Gagnon, S. Lee, F. Gandara, H.-B. Biirgi, O. M. Yaghi, Angew.
Chem. Int. Ed., 54 (2015) 11162 —-11167.
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NON-PHOTOCHEMICAL LASER-INDUCED NUCLEATION IN
MICROFLUIDICS DEVICE

Z. Zhang™®, J-F Audibert®, R. Pansu®, A. Spasojevic - de Biré"

“Laboratoire de Photophysique et Photochimie Supramoléculaires et Macromoléculaires
(PPSM), CNRS UMR 8531, Institut d'Alembert (FR 3242), Ecole Normale Supérieure
Paris-Saclay, Université Paris-Saclay, 61, avenue du Président Wilson, 94235 Cachan
Cedex, France.

Laboratoire “Structures Propriétés et Modélisation des Solides” (SPMS), CNRS UMR
8580, CentraleSupélec, Campus de Paris-Saclay, Université Paris-Saclay, 8-10 rue
Joliot-Curie, 91190 Gif-sur-Yvette, France.

e-mail: anne.spasojevic@centralesupelec.fr

Temporal and spatial control of crystallization has long been a dream. Thanks to recent
development of laser and emergence of unconventional crystallization methods, we have
never been so close to realizing that dream and observing the first microseconds of a
crystal. In this talk, we report an in situ observation of laser inducing crystals in
microfluidic device (fig. 1). Crystals, (amorphous) nanoparticles, liquid-liquid phase
separation followed by droplet formation and then crystallization of the droplets is
observed under different precipitation conditions controlled by microfluidics. By
focusing a pulsed infrared laser at the flow center in the metastable zone, nucleation is
triggered and crystals are formed, (amorphous) nanoparticle precipitation helped or
impeded depending on laser power, droplet formation accelerated. Precipitation
crystallinity is checked in situ by birefringence and ex situ by diffraction pattern. The
organization change of molecules during the laser-induced nucleation time is analyzed
by fluorescence lifetime. Laser triggering nucleation in microflows opens new routes for
structural study of nuclei, discovery of new metastable polymorphs and high throughput
fabrication of nano/micro-crystals with monodisperse size distribution for industries.

Figure 1. The coaxial inlets of the microfluidic system (scale bar, 50 © m)

XXV Kondepennuja Cprckor kpucranorpad)ckor Ipymrea



Invited lectures 11

CRYSTAL ENGINEERING OF LANTHANIDE COORDINATION
POLYMERS WITH HYDRAZIDE LIGANDS

C. Theppitak®, F. Kielar’, K. Chainok®

“ Department of Chemistry, Faculty of Science and Technology, Thammasat University,
Pathum Thani 12121, Thailand; ° Department of Chemistry, Faculty of Science,
Naresuan University, Muang, Phitsanulok 65000, Thailand; “Materials and Textile
Technology, Faculty of Science and Technology, Thammasat University, Pathum Thani
12121, Thailand

e-mail: ke@tu.ac.th

Crystalline lanthanide coordination polymers (LnCPs) have been intensively studied
of the structure-property relationship in scientific and technological research due their
potential applications as functional materials in optics, molecular magnetism, catalysis,
and protonconduction. Herein, we describe the development on the crystal engineering
of novel LnCPs based on hydrazide ligands with an emphasis on our contribution to the
field. Paid to effectiveness in coordination driven self-assembly of the components
leading to organized structures and properties is particular attention. The factors which
prove to be of much importance in directing the synthetic pathway in these systems and
the relationship between solid state crystal structures and luminescence properties are
discussed.
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PRELIMINARNI REZULTATI EKSPERIMENTALNOG
ODREDIVANJA GUSTINE NAELEKTRISANJA [Ni(L)py]
(H,L = S-metilizotiosemikarbazon benzoilacetona)

M. V. Rodié?, S. B. Novakovi¢®, V. M. Leovac *, G. A. Bogdanovi¢"

* Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg D. Obradoviéa 3, 21000
Novi Sad, Srbija; " Institut za nuklearne nauke , Vinca*, Univerzitet u Beogradu,
p.f- 522, 11001 Beograd, Srbija.

e-mail: marko.rodic@dh.uns.ac.rs

S-alkilovani tiosemikarbazoni (izotiosemikarbazoni) ¢ine interesantnu klasu liganada,
¢ija se kompleksirajuca svojstva znacajno razlikuju od kompleksiraju¢ih svojstava
nealkilovanih analoga. U cilju detaljne karakterizacije kompleksa metala sa
izotiosemikarbazonskim ligandima, eksperimentalno je odredena raspodela elektronske
gustine u molekulu [Ni(L)py], H,L = S-metilizotiosemikarbazon benzoilacetona.
Dobijeni rezultati se mogu iskoristiti za nastavak studija elektrostatickih svojstava
jedinjenja koja sadrze tioureido fragment [1,2], kako bi se dobio uvid u uticaj alkilovanja
atoma sumpora na njegovu sposobnost ucesca u intermolekulskim interakcijama.

Difrakcioni podaci visoke rezolucije, prikupljeni na 100(1) K, sadrzali su ukupno
259469 refleksija koje su, nakon odbacivanja odstupajucih vrednosti, usrednjene dajuci
20887 nezavisnih refleksija sa ukupnom prose¢nom multipletno§éu merenja 11,6 i
ukupnom kompletnoséu od 96,5% do [(sin 8)/A]nax = 1,157 A (99,3% do
(sin 8)/2=0,9 A™"). Ovi podaci su iskorii¢eni za odredivanje elektronske strukture
[Ni(L)py] utaénjavanjem multipola zasnovanim na Hansen—Kopensovom formalizmu
[3]. Za utacnjavanje i topolosku analizu dobijene totalne elektronske gustine koriscen je
programski paket XD2015 [4].

Kristalografski podaci: monoklini¢ni kristalni sistem, P2/a, a=1,7490(4) A,
b=17,7653(3) A, ¢ = 18,3717(6) A, f=95,317(2)°, V= 1668,92(10) A*.

Utagnjavanje sfernog modela (SHELXL) zasnovano na F°: 17448 nezavisnih
refleksija, [(sin 0)/A]max = 1,1 Al 289 parametara, R(F > 40(F))=0,0274,
WR(F?) = 0,0655, GooF = 0,895. Utagnjavanje multipol modela (XD2015) zasnovano na
F: 13147 nezavisnih refleksija, [(sin 8)/Almx = 1,1 A™', I/o(I)>3, 670 parametara,
R(F) = 10,0158, wR(F*) = 0,0331, GooF = 0,699.

[1] B.M. Francuski, S.B. Novakovi¢, G.A. Bogdanovi¢, CrystEngComm, 13 (2011)
3580-3591.

[2] B.M. Francuski, S.B. Novakovi¢, D.D. Francuski, G.A. Bogdanovi¢, Cryst. Growth
Des., 17 (2017) 2993-3004.

[3] N.K. Hansen, P. Coppens, Acta Crystallogr., Sect. A, 34 (1978) 909-921.

[4] A. Volkov, P. Macchi, L.J. Farrugia, C. Gatti, P. Mallinson, T. Richter,
T. Koritsanszky, XD2015 — A computer program package for multipole refinement,
topological analysis of charge densities and evaluation of intermolecular energies
from experimental and theoretical structure factors, 2015.

Zahvalnica. M. Rodi¢ se zahvaljuje Internacionalnoj uniji za kristalografiju (IUCr) na
dodeljenim finansijskim sredstvima za uces¢e na Konferenciji.
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PRELIMINARY RESULTS OF EXPERIMENTAL CHARGE
DENSITY DETERMINATION OF [Ni(L)py]
(H,L = benzoylacetoneS-methylisothiosemicarbazone)

M. V. Rodié?, S. B. Novakovi¢®, V. M. Leovac *, G. A. Bogdanovi¢"

“ Faculty of Sciences, University of Novi Sad, Trg D. Obradoviéa 3, 21000 Novi Sad,
Serbia; " Vinca Institute of Nuclear Sciences, University of Belgrade, P.O. Box 522,
11001 Belgrade, Serbia

e-mail: marko.rodic@dh.uns.ac.rs

S-alkylated thiosemicarbazones (the isothiosemicarbazones) comprise the interesting
class of ligands, metal-binding properties of which are significantly different from those
of their non-alkylated analogs. With the aim of detailed structural characterization of
selected isothiosemicarbazone complexes, the electron density distribution in [Ni(L)py],
H,L = benzoylacetone S-methylisothiosemicarbazone, was experimentally determined.
The obtained results can be further used for continuation of studies of the thioureido
sulfur atom role in intermolecular interactions [1, 2], particularly emphasizing the
influence of alkylation on its hydrogen bonding propensity.

High-resolution X-ray diffraction data collected at 100(1) K contained a total of
259469 reflections which are, after rejecting discordant measurements, merged to 20887
unique data with 11.6 overall average measurement multiplicity and 96.5% overall
completeness up to [(sin O)/A]max = 1.157 A" (99.3% up to (sin §)/A=0.9 A™"). This
dataset was used for determination of the electronic structure of [Ni(L)py] by means of
multipole refinement based on Hansen—Coppens formalism [3]. Refinement procedures
and topological investigation of the obtained total electron density were performed with
the XD2015 program package [4].

Crystallographic ~ data: monoclinic ~ crystal system, P2/a, a =1.7490(4) A,
b=7.7653(3) A, ¢ = 18.3717(6) A, f=95.317(2)°, V= 1668.92(10) A*.

IAM refinement (SHELXL) based on F”: 17448 independent reflections,
[(sin O)/A]max = 1.1 A", 289 parameters, R(F > 4o(F))=0.0274, wR(F*)=0.0655,
GooF =0.895. Multipole model refinement (XD2015) based on F: 13147 independent
reflections,  [(sin 0)/Almax = 1.1 A™", Io(l)>3, 670 parameters, R(F)=0.0158,
WR(F?) = 0.0331, GooF = 0.699.

[1] B. M. Francuski, S.B. Novakovi¢, G.A. Bogdanovi¢, CrystEngComm, 13 (2011)
3580-3591.

[2] B. M. Francuski, S.B. Novakovi¢, D.D. Francuski, G.A. Bogdanovié¢, Cryst. Growth
Des., 17 (2017) 2993-3004.

[3] N. K. Hansen, P. Coppens, Acta Crystallogr., Sect. A,34 (1978) 909-921.

[4] A. Volkov, P. Macchi, L .J. Farrugia, C. Gatti, P. Mallinson, T. Richter,
T. Koritsanszky, XD2015 — A computer program package for multipole refinement,
topological analysis of charge densities and evaluation of intermolecular energies
from experimental and theoretical structure factors, 2015.

Acknowledgement. M. Rodi¢ is grateful to the IUCr for financial support for attending
the Conference.
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CUHTE3A U KAPAKTEPU3ALIUJA U30TUOLIUJAHATO
KOMILJIEKCA Zn(1l) CA KOHAEH3AIIMOHUM ITPOU3BOJIOM
2-AHETUWJHINPUINHA U ) KUPAPOBOI' T-PEATEHCA

M. Muuenxosuh®, A. Ilesen’, b. UYobemnh’, M. Crojuuxos’, H. Typen®,
K. Auheakosuh®

“Xemujcku paxynmem, Ynusepzumem y beoepady, Cmydewmcku mpe 12-16, 11000
beoepao, Cpouja
6 . . )

Daxynmem 3a xemujy u xemujcky mexnonoaujy, Yuueepsumem y Jbyomanu, Beuna nom
113, 1000 Jbybmana, Cnosenuja

e-mail: mrm@chem.bg.ac.rs

MoHonykneapuu — u3oruonujaHaro  kommieke Zn(Il) (1) wumju  je cacras
[ZnL(NCS),]-0,5CH;0H nmobujer je y peakumju Zn(OAc),2H,O, NH,;SCN wu
KOHJICH3aI[MOHOT Tpon3Boja 2-anerwinupuaraa u JKupaposor-T pearenca (HLCI) y
MoJsickom ozHocy 1 : 1 : 4y cmenn pacTBapaya MeraHos/Boja. Y komruiekcy 1 Zn(ID) je
IMEHTAKOOpAMHOBAH Ca MUPUIUHCKHUM a30TOM, a30METHUHCKHUM a30TOM U Kap6OHl/IJ'lHI/IM
KHCECOHHUKOM JISTIPOTOHOBAHOI XHUJPA30HCKOT JIMTAaHIa, W JBa IN-KOOpPJMHOBaHA
THOIIMjAaHATO JIUTAH/IA.

Kpucranorpadcku mogamm 3a 1: Ci45Hy0NO 5S,Zn, M, = 431,85, BenmuunHa KpucTaia
0,40 x 0,20 x 0,10 mm, opTOPOMOMYHH KPUCTAJIHU CHCTEM, IPOCTOpHA rpyna Aba2, a =
28,8353(16), b = 15,7892(9), c = 8,8470(6) A; V =4027,9(4) A’, Z=8, D, = 1,424g cm’
3 Rin=0,0558, R[[> 20 (D] =0,0500 u wR, = 0.1257 (cBu mogamm), S = 1,050.

Cauka 1. CtpyxTypa kommiekca 1.

3axBaspyjeMo ce MuHHCTAapCTBY HayKe, IPOCBETE W TEXHOJOMIKOT pa3Boja PemyOmnmke
Cpbuje (MO 172055) u Kpucranorpadcekoj mehynapomnoj yamju (IUCr) xoju cy
oMoryhmimm u3pary oBor pana u ydemhe Ha KOH(QEPEHITHjH.
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SYNTHESIS AND CHARACTERIZATION OF
ISOTHIOCYANATO Zn(1I) COMPLEX WITH THE
CONDENSATION PRODUCT OF 2-ACETYLPYRIDINE AND
GIRARD’S T-REAGENT

M. Milenkovié*, A. Pevec®, B. Cobelji¢®, M. Stoji¢kov?, I. Turel®, K. Andelkovié*

* Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade,
Serbia

b Faculty of Chemistry and Chemical Technology, University of Ljubljana, Vecna pot
113, 1000 Ljubljana, Slovenia

e-mail: mrm@chem.bg.ac.rs

In the reaction of HLCI with Zn(OAc), 2H,0 and NH4SCN in molar ratio 1 : 1 : 4 in
methanol/water mixture of solvents, an mononuclear isothiocyanato Zn(II) complex (1)
was obtained, with composition [ZnL(NCS),]-0.5CH;OH. In complex 1 Zn(Il) is
pentacoordinated with pyridine nitrogen, azomethine nitrogen and carbonyl oxygen
atoms from deprotonated hydrazone ligand and two thiocyanate ligands coordinated
through nitrogen atoms.

Crystal data of 1: Cy4sH,0N¢O;5S,Zn, M, = 431.85, crystal size 0.40 x 0.20 x 0.10 mm,
orthorhombic crystal system, space group 4ba2, a = 28.8353(16), b = 15.7892(9), ¢ =
8.8470(6)A; V = 4027.9(4)A°, Z = 8, D. = 1.424g cm”, Ri,= 0.0558, R[I> 26 (I)] =
0.0500 and wR, = 0.1257 (all data), S = 1.050.

Figure 1. Structures of complexes 1.

Acknowledgements This work was supported by the Ministry of Education, Science
and Technological Development of the Republic of Serbia 172055 and International
Union of Crystallography (IUCr).
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MECHANOCHEMICAL SYNTHESIS OF THE FAR-FROM-
EQULIBRIUM ZINC ALUMINATE AND ITS RESPONSE TO
THERMAL TREATMENT

M. Fabian™”, V. Sepelik”, P. Bottke‘, M. Wilkening®, V. Girman*

“The “Vinca” Institute of Nuclear Sciences, University of Belgrade, POB 522, 11001
Belgrade, Serbia

b Institute of Geotechnics, Slovak Academy of Sciences, Watsonova 45, 040 01 Kosice,
Slovakia

“Institute for Chemistry and Technology of Materials, Graz University of Technology
(NAWI Graz), Stremayrgasse 9, 8010 Graz, Austria

UInstitute of Physics, Pavol Jozef Safirik University, Park Angelinum 9, 04154 Kosice,
Slovakia

e-mail: fabianm@saske.sk

Zinc aluminate (ZnAl,O,) nanoparticles with an average size of about 10 nm
are synthesized via one-step mechanochemical processing of the ZnO:y-Al,O4
stoichiometric mixture at ambient temperature. The mechanochemically induced
formation of the phase is followed by XRD and *’Al MAS NMR. High resolution TEM
studies reveal a non-uniform nanostructure of mechanosynthesized aluminate consisting
of ordered grains surrounded or separated by disordered surface and interfacial regions.
Due to the capability of *’Al MAS NMR to probe the local environment of the Al
cations, valuable insights into the short-range structure of ZnAl,O, on the Angstrom
length scale are provided. It is demonstrated that the ” as-prepared aluminate possesses a
partly inverse spinel structure with a far-from equilibrium arrangement of cations and
distorted polyhedra, which are spatially confined to the surface and interfacial regions
with a volume fraction of ca. 50% and a thickness of ca. 1 nm. The response of the
nanostructured ZnAl,O4 to subsequent thermal treatment is further investigated. It turned
out that the thermally induced grain growth is accompanied by a release of microstrain,
by a shrinkage of the lattice parameter, as well as by a variation in the oxygen parameter
and metal-oxygen bond lengths. Evidence is given of the thermally induced
redistribution of cations approaching their equilibrium positions. Upon heating above
1100 K, mechanosynthesized ZnAl,O4 relaxes towards a structural state that is similar to
the bulk one.

i\
I Fig. 1
- M Comparison of Al MAS NMR spectra of the
g™ a1\ mechanosynthesized and the reference
£ n | \ ZnAlL,O, recorded at 14.1 T and spinning
EJ\_J | speed of 30 kHz. The spectral peaks
corresponding to (A)- and [B]-site Al ions are
20810, sandarg J \ indicated in the figure.

1 1 1
100 80 60 40 20 0 -20 40
Chemical shift & (ppm)
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PEAYKOBAHU I'PA®EH OKCUJI AEKOPUCAH
MATHETUTOM OHBETHE MOP®OJIOI'HMJE: CUHTE3A,
KAPAKTEPU3ALIUJA U IPUMEHA 3A IOBO/BIIAHO

YKIIAIbAIBE BOJE REACTIVE BLUE 52

1. Crankosuh *, M. Ormanosuh®, b. lojunnosuh’, K. lpujosuh®, b. AuTuh®

“ Unemumym 3a wuyxkaeapme nayke ,,Bunua“, M. Ilemposufia Anaca 12-14, 11000
beoepao, Cpouja; buxr, M, Fbecowesa 12, 11000, beoepao, Cpouja
e-mail: daliborstankovic@vin.bg.ac.rs

Y 0BOM pajy je NpeioKeH HOB MPHUCTYH 33 YKJIamambe CHUHTETHYKUX OPraHCKUX
0oja Oa3upaH Ha IITAMIIAHO] CJIEKTPOAM MOAU(DUKOBAHO] Ca HAHOKOMIIO3UTOM
JOOUjeHNM JieKoprcameM peaykoBaHor rpaden okcuga (PI'O) ca HaHouecTHmama
marHetutra (Fe;O4) uBerHe Mopdosoruje. Hanouecuile mMarHeTnTa Cy CHHTETHCAHE
kopucrehn mommon merony. Fe;O4@PI'O HaHOKOMITO3MT je cHHTETHCaH Kopuctehn
MHUKPOTAJIaCHO-XUAPOTEpMaNHy MeTony. JloOmjeHm wMaTepujanm je KapaKTepHCaH
TPAaHCMHCHOHOM  €JIEKTPOHCKOM  MHKPOCKOIIMjOM, PEHATCHCKOM  JIH(paKIHjoM,
Z-NIOTEHLWjaJloM U eJEKTPOXEMHjCKHM MeTopama. MIMIenaHCHU TEeCTOBU Cy IOKa3allH
Jla CHHEprujcku edekar OBMX MaTepHjaia CMamyje OTIOp CHCTeMa M Mo0OJblIaBa
KaTaJIUTHYKE OCOOMHE KOMIIO3UTA, IITO je IMOTBphHEHO M LUKIMYHOM BOJITAMETPH)jOM,
rae je mokazaHo moBehame eNIeKTPOXeMHjCKH AaKTHBHHMX LEHTapa Ha IIOBPLIMHH
enektpoze (Cnuka 1).

5x10*

—=— RGO/SPCE
4x10*{ |[—®—SPCE
—A— Fe,0,@RGO/SPCE

3x10°*

Z" (Ohm)

2x10°*

1x10*

0 ‘ : . .
0 1x10*  2x10*  3x10* 4x10* 5x10*

Z' (ohm)
Crnuka 1. PesynraTu eneKTpoXeMHjCKe UMITCJAHCHE CIIEKTPOCKOIIH]Ee

JlobujeHn pe3ynraT NMOKa3yjy Ia je ca IMpeAsIOKEeHUM IPUCTYIIOM ITOTPEOHO BpeMe
3a yKiIamame ofabpanor 3arahuBaua 30 MuHyTa, Ha moTeHnujary ox 3 V kopuctehu
KaJIyjUM-XJIOPHZ Kao noMohHu enekrpoiut. EduxacHoct yxnamama 60ja je 99 %, nok
je cMameme XeMHjcKe MoTpolnmke KuceoHuka 40 %, a yKyIHOT OpPTaHCKOI YIJbeHHKA
20 %, mocie camo jegHor cata Tpermana. Cem Tora, npumelieHa je ofMuHa CTaOHIHOCT
cucrema ()KHUBOTHH BEK €JIEKTPOJE), I NapaMeTpHu yKIlambamba 0CTajy UCTH U HakoH 50
UKIyca ymnoTpede enekTtpoae. Y 3akbydky ce Moxke pehu ma, mnpuMemeHa
SJIEKTPOXEMHjCKa MPOLIEAYypa 3a yKiIamarme 3araljupaya Mo)ke 1a OTBOPH HOBY 0o0JIacT 3a
Kopumheme mTaMIaHuX eNeKTPoa.

XXV Kondepennuja Cprckor kpucranorpad)ckor Ipymrea



Oral presentations 21

SYNTHESIS, CHARACTERISATION AND APPLICATION OF
Fe;04NANOFLOWERS/REDUCED GRAPHENE OXIDE
COMPOSITE FOR ENHANCED REMOVAL OF REACTIVE
BLUE 52

D. Stankovié*, M. Ognjanovi¢®, B. Doj¢inovié®, Z. Prijovié’, B. Anti¢*

¢ Institute of Nuclear Sciences Vinca, Mike Petrovica Alasa 12-14, Belgrade, Serbia;
b ICTM, Njegoseva 12,11000 Belgrade, Serbia
e-mail: daliborstankovic@vin.bg.ac.rs

In this study we proposed a novel platform for the removal of synthetic organic dyes
based on screen printed electrode (SPCE) supported with nanocomposite obtained by
decoration of reduced graphene oxide (RGO) with a magnetite (Fe;O4) nanoflowers
(Fe;04@RGO/SPCE). Magnetite nanoflowers were synthesized by polyol mediated
reduction of iron(Ill) chloride and characterized. Fe;O4@RGO nanocomposite was
synthesized using microwave hydrothermal assisted procedure. Materials were
characterized using transmission electron microscopy, X-ray diffraction, Z-sizer and
electrochemical methods. Impedance tests (EIS) indicate that the synergetic effect of
these materials reduces resistivity of the system and improves catalytic activity of the
composite (Figure 1), which was confirmed by cyclic voltammetry (CV tests) indicating
high increase of the electrochemically active surface area sites.

5x10*

—=— RGO/SPCE
4x10*{ |—®—SPCE
—A—Fe,0,@RGO/SPCE

3x10°*A

(Ohm)

4

2x10°+

1x10*

0 ; ; ‘ :
0 1x10* 2x10* 3x10* 4x10° 5x10*

Z' (ohm)
Figure 1. EIS spectra of the synthesized materials

Obtained results clearly indicate that with this approach the optimum removal time of
selected pollutant was only 30 minutes at 3 V and with potassium chloride as supporting
electrolyte. After only one hour of the treatment, the color removal efficiency of 99 %
was noticed as well as the decrease of chemical oxygen demand (COD) of 40 % and
total organic carbon of about 20 %. Nonetheless, the high stability (service life) of the
prepared system using Fe;O4@RGO/SPCE electrode was noticed and almost the same
removal efficiency was achieved after 50 cycles of usage. Overall, the electrochemical
removal procedure proposed in this study can be found as reliable novel system, opening
a new approach to use screen printed based electrodes.
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CTPYKTYPE KOMIUVIEKCA Cd(II) CA 2-AETHJIIIUPU/INH-
-AMUHOI'BAHUIUHOM U IICEYJOXAJOI'EHUJINMA KAO
MOCTOBHUM JIMT'AHANMA

M. M. Paganosuh®, B. I'. Byjuh®, Jb. C. Bojunouh-Jemmh®, M. B. Poauh®, B. M.
JleoBan®, K. K. JahumoBuh"

“Vuusepsumem y Hosom Caody, Ipupoono-wamemamuuxu ¢paxyrmem, Tpe [ocumeja
Obpaoosuha 3, Hoeu Cao, Cpbuja; "Viusepsumem Ilpne Tope, Memanypuwxo-
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Peakupmjom Torumx BoneHux pactBopa kaamujym(Il)-amerata m THOIMjaHaTHE COJH
2-anerunnupuauH-amuHorsanuuH (L-2HNCS) y monckom oxnocy 1:1 nobujenu cy
MoHOKpHcTanu nonuMepHor komiuekca [{Cd(L)(SCN)(u;;-NCS)},] (1), mox je y
peakunju xnopuaHux cosnm kagmujyma(ll) m nuranga y npucycTBy IujaHara J00HjeH
gumepHu  komiuiekc  ¢opmyne  [{Cd(L)Cl(n;;-NCO)},]  (2). Kommekcu cy
OKapaKTEepUCaH! €JIeMEHTAITHOM aHAIN30M, IR CIeKTpOCKONHjOM, KOHTYKTOMETPH]CKUM
MepemruMa U peHATeHCKOM CTPYKTYPHOM aHaJIN30M.

XenaTHU JIUraH] jeé Y OBUM KOMIUIEKCHMMa KOOPIMHOBAaH y HEyTpajHO] (hopMH Ha
yoOuuajeHH N; TPUACHTATHH HAYMH - MPEKO MHPHIMHCKOT, a30METHHCKOT U HUMHHO
aToMa a3oTa amMmuHOTrBaHUAWHCKOT (parmeHta. Cd(Il) je cmemreH y medopmrcaHoM
OKTae/IapCKOM OKpY)KemY, Koje je mopea TpuaeHraTHe koopauHauuje lludose Oaze, y
komiuiekcy 1 (cmuka 1) peanu3oBaHO MOHOAEHTAaTHOM koopauHauujoM SCN™ jona
IPEKO aToMa CyMIopa, Kao M ;3 KoopauHanujoM aBa NCS joHa Koju HOBe3yjy ABa
cycemHa uLeHTpaiHa joHa. Y kommiekcy 2 (Fig. 2), mopen XenaTHOr jnuraspa y
KOOPJMHAIIMOHO] chepH NPUCYTaH je U XJIOPUIHH jOH, Kao U JiBa IMjaHaTHA jOHA, KOjU
MPEKO aToMa a30Ta MOCTOBHO IOBE3Yje JIBE MOJ[jeIMHULE TUMepa.

Cge nyxuHe Beza Cd—nuraTop XenaTHOT JIMTaHa
Be3a y komiuiekcy 1 ¢y y omcery 2,253(2)-2,360(1)
A, ¢ TUM n1a je Be3a ca MUPUIMHCKMM aTOMOM a30Ta
HajlyXa, IOK je Be3a ca aTOMOM a30Ta UMHUHO-TpyIIe
aMHMHOT'BaHUIMHCKOT (pparmeHTa Hajkpaha. Ox cBUX
METaJ-TUraTop Be3a HajayXka je Be3a ca aToMOM
CyMITOpa W3 THOLMjAHATHOT jOHA KOjH MMa MOCTOBHY
ynory. CiimuaH TpeHJ yO4eH je M 3a JyXKHHE Be3a y
KoMIUIeKCy 2. JIuraHmHM CHCTEM Yy KOMIUIEKCY 2
moceyje BHCOK CTENeH IUIaHAPHOCTH, AOK je Y
KOMIUIEKCY 1 JOoIuto 70 3HauyajHHjer yBUjamba OKO
C1-N2 Be3e.

Cnuka 1. Monekyicka CTpyKTypa
Komruiekca 1

M. M. Paodanosuh ce 3axsanyje IUCr (Mnmeprayuonannoj yHuju 3a kpucmanozpagujy)
Ha 0odemeroj cmunenouju 3a yueuhe na Konpepenyuju.
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STRUCTURES OF Cd(II) COMPLEXES WITH
2-ACETYLPYRIDINE-AMINOGUANIDINE AND
PSEUDOHALOGENIDE BRIDGING LIGANDS

M. M. Radanovi¢’, V. G. Buji¢?, Lj. S. Vojinovi¢-Jesi¢’, M. V. Rodi¢’, V. M.
Leovac?, Z. K. Ja¢imovic®

“University of Novi Sad, Faculty of Sciences, Novi Sad, Serbia;’University of
Montenegro, Faculty of Metallurgy and Technology, Podgorica, Montenegro
e-mail: mirjana.lalovic@dh.uns.ac.rs

Reaction of warm aqueous solutions of cadmium(Il)-acetate and 2-acetylpyridine-
aminoguanidine dihydrogendithiocyanate (L-2HNCS) in molar ratio 1:1 resulted in
formation of single crystals of the polymeric complex [{Cd(L)(SCN)(p;3-NCS)},] (1).
In the reaction of chloride salts of cadmium(II) and the ligand in the presence of cyanate
ions dimeric complex of the formula [{Cd(L)CI(n;;-NCO)},] (2) was obtained.
Complexes are characterized by elemental analysis, IR spectra, conductometric
measurements and X-ray analysis.

In both complexes Schiff base is coordinated in its neutral form, in a usual N
tridentate mode, via pyridine, azomethine and nitrogen atom of aminoguanidine residue.
In 1 Cd(I) is situated in octahedral N4S, environment of three N-donors of chelating
ligand and one S atom of monodentate coordinated SCN ion, as well as N and S-atoms
of two bridging NCS ions. In 2 (Fig. 2), beside the molecule of Schiff base coordination
sphere contains one chloride-ligand and two cyanate ions, which are connecting subunits
of the dimer through N-atoms as bridges.

Among all Cd-ligator of the chelationg ligand bonds,
in both complexes Cd-N1 bond is the shortest, while the
one with pyridine nitrogen is the longest. In 1 the torsion
along C1-N2 bond is pronounced, while in 2 Schiff base
shows high degree of planarity. It could be concluded
that coordination of the rigid Schiff base molecule leads
to slight conformational changes, that are best described
by the shortening of N1-N5 distance for ca. 0.2 A in 1and
for ca. 0.15 A in 2 compared with the structure of free
ligand salts [1, 2].

Fig. 2. Molecular structure of 2

[1] M. M. Radanovi¢, S. B. Novakovi¢, Lj. S. Vojinovié-Jesi¢, M. V. Rodi¢, V. M.
Leovac, J. Serb. Chem. Soc. 83 (2018) 157-166.

[2] Lj. S. Vojinovi¢-Jesi¢, M. M. Radanovi¢, M. V. Rodi¢, V. Zivkovié-Radovanovié,
Lj. S. Jovanovi¢, V. M. Leovac, Polyhedron,117 (2016) 526-534.

M. M. Radanovi¢ thanks IUCr for the Scholarship for the participation at the
Conference.
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JAOKA3 O JAKUM METAJI-BOJOHUK UTHTEPAKIIUJAMA Y
KPUCTAJIHUM CTPYKTYPAMA KOMIIVIEKCA
MPEJIABHUX METAJIA

[. K. Besbrouhi °, A. Bynosuh *, 1. Kperuh*, C. 1. 3apuh*

“Vuueepzumem y bBeoepady - Xemujcku paxyrmem, Cmyoenmcku mpe 12 -16, Beoepad
e-mail: vdusan@chem.bg.ac.rs

[TpBa ucTpaxkuBama O METal-BOJOHUK MHTEpaKIMjaMa II0jaBuiIa Cy ce Ipe YeTHpu
NIETICHHje 1 YTIaBHOM cy ce ¢okycupana Ha martuHa (II) jenumema [1]. Mako ce meTamu
0OMYHO HE CMaTpajy akIenTopuMa y BOJOHHYHHM Be3aMa, TOKAa3aHO je a OHH MOTY
UrpaTd BaKHY YJIOTY Y OBOM THILy HEKOBaJCHTHHX WHTepakuuja. OBIe Cy NpHKa3aHH
KBaHTHOXEMHJCKH U KpHCTaJIorpadcku J0Ka3u O MOCTOjalby BEOMa jaKMX BOJAOHUYHUX
Be3a u3Mely mornekyna Boze u paznmuutux Ir, Rh, Pt u Pd xommexca [2].

I'eometpuje u enepruje O-H/M unTepakuuja cy nu3padyHare 3a MOJIEI CUCTEME KOjH
caJip)xe MOJIEKYJI BOJIE M KBaJIpaTHO-IJIaHapHe aleTuiareronaro kommiekce Ir, Rh, Pt u
Pd. TlpoyuaBanum Cy Kako HEYTpaJHM TakO M HETaTHBHO HACJCKTPUCAHU
aleTUIANETOHATO KOMIUIeKcH koju cagpxke en, H,O, CO, CN u OH swurangme.
Pesynrati KBaHTHOXEMHjCKHMX IIpopauyHa cy mokasanu na [Ir(acac)(en)] kommiexc
rpaau Hajjaue O-H/M nnTepakuuje ca Bonom (—9,83 kcal/mol).

Ha ocHOBy pe3ynrara KBaHTHOXEMHjCKHUX IpopadyHa nperpaxeHa je KemOpuuka
0aza kpuctamorpa)CKuxX MmojaaTaka ia OW ce M3IABOjUIIC CBE KPHUCTAHE CTPYKType Koje
caapxxe O-H/M unTepakuuje m3mel)y komrmiekca Ir, Rh, Pd u Pt u O-H ¢parmenra.

Kpucranna ctpykrypa CCAPGCI11 y kojoj ce jaBiba O-H/Pt unrepakmuja.

PesynTati KBaHTHOXEMMjCKHX IIpOpadyHa W aHaINW3a KPUCTAIHUX CTPYKTypa
ykaszyjy na O-H/M uHTepakuuje n3mel)y HeyTpamHUX KOMIUIEKCA M MOJIEKYJIa BOJE KOje
Cy IpoydJaBaHe Y OBOM pajy crajajy Mely Hajjade BoIOHHYHE Be3e n3Meljy HeyTpaTHuX
Bpcra. M3pauynare O-H/M unTepakimje m3mely [Ir(acac)(en)] xomimiekca U MoIeKya
Boze (—9,83 kcal/mol) cy 3HaTHO jade o1 KOHBEHIIMOHATHE BOJOHUYHE Be3e n3Mehy aBa
mosekyina Boze (—4,84 kcal/mol).

3axBaHUIA:

Ogaj pan je moapkaH oj cTpaHe MHHHCTapCTBAa MPOCBETE, HAYKE WM TEXHOJOIIKOT
pa3Boja PemyOnuke CpOuje [mpojekar Op. 172065]. 1. XK. BemkoBuh ce 3axBajbyje
IUCr 3a ¢puHAHCH]CKY MOMPIIIKY.

[1] E. R.T. Tiekink, Coordination Chemistry Reviews,345 (2017) 209-228.

[2] G. V. Janji¢, M. D. Milosavljevié, D. Z. Veljkovi¢, S. D. Zari¢, Physical Chemistry
Chemical Physics, 19 (2017) 8657-8660.
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EVIDENCE OF STRONG METAL-HYDROGEN
INTERACTIONS IN CRYSTAL STRUCTURES OF TRANSITION
METAL COMPLEXES

D. Z. Veljkovié *, A. Purdevié¢ *, D. Kreti¢ *, S. D. Zarié¢ *

“ University of Belgrade - Faculty of Chemistry, Studentski trg 12-16, 11000 Belgrade
e-mail: vdusan@chem.bg.ac.rs

First studies of metal-hydrogen interactions were reported four decades ago and were
mainly focused on platinum (II) compounds [1]. Although metals are not usually
recognized as acceptors in hydrogen bonding, evidence showed that they can play
important role in this type of noncovalent interactions. Here we present quantum
chemical and crystalographic evidence of very strong hydrogen bonds between water
molecule and different Ir, Rh, Pt and Pd complexes [2].

Geometries and energies of O-H/M interactions were calculated on model systems
containing water molecule and square-planar acetylacetonato complexes of Ir, Rh, Pt and
Pd atoms. Both neutral and negatively charged acetylacetonato complexes containing en,
H,0, CO, CN" and OH’ ligands were studied. Results of quantum chemical calculations
revealed that [Ir(acac)(en)] complex forms the strongest O-H/M interactions with water
(= 9.83 kcal/mol).

Based on the results of quantum chemical calculations, Cambridge Structural
Database was searched to find all crystal structures containing O-H/M interactions
between complexes of Ir, Rh, Pd and Pt and O-H fragments.

Crystal structure CCAPGC11 containing O-H/Pt interaction.

Results of quantum chemical calculations and analysis of crystal structures suggest
that O-H/M interactions between neutral complexes and water molecule studied in this
work are among the strongest hydrogen bonds between neutral species. Calculated
O-H/M interaction between [Ir(acac)(en)] complex and water molecule (— 9.83 kcal/mol)
is considerably stronger than conventional hydrogen bond between two water molecules
(—4.84 kcal/mol).

Acknowledgements:

This work was supported by the Serbian Ministry of Education, Science and
Technological Development [grant number 172065]. D. Z. Veljkovié would like to thank
IUCr for financial support.

[1] E. R.T. Tiekink, Coordination Chemistry Reviews, 345 (2017) 209-228.

[2] G. V. Janji¢, M. D. Milosavljevié¢, D. Z. Veljkovi¢, S. D. Zarié, Physical Chemistry
Chemical Physics, 19 (2017) 8657-8660.

25™ Conference of the Serbian Crystallographic Society



26 YcMena caomnmTema

JA JIX CY ®OCPUHO-BOPAHCKH ITAPOBU KJTACUYHH
NJIN OPYCTPUPAHU? AHAJIM3A KEMBPUYKE
KPUCTAJIOT'PA®CKE BA3E ITOJATAKA.
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Hyro je nosnaro na Behuna ¢ochuno - Oopanckux (JIymcoBux (Lewis)
KHCEJIMHCKO-0a3HMX) MapoBa rpaiy KJIacuuHy KOBAJIEHTHY Be3y M3Mel)y KHMCENMHCKO -
06a3Hux nenrapa [1], mehyrum, ortkpuhe ,,ppycrpupanux® JIyncoBuX KHCENIWHCKO -
06asumx  mapoBa (FLPs), wmelly kojuma cy  HajudyyaBaHHjU  CHCTEMH
Tpuc(nenragiyopodeHna)oopana ca paznunTEM (GocGHUHIMA, yKa3ajo je Ha BEJIHKH
yTHIa] HEKOBAJIEHTHUX WHTEPAKIHja Y OBUM CHCTEMHMa M OTBOPHIIO j€é HOBO IIOJbE
UCTpaXXuBama y Xxemuju [2].

Crymuja ¢ochuHO - OopaHCKMX HHTpeaknwja [3] OaswpaHa je Ha aHANHM3H
KPUCTATHUAX CTPYKTypa apxuBupanux y KemOpuukoj kpuctamorpadckoj 6a3u mogaraka
(CSD). Omnmcane cy pasiuke KpucTiIaorpapckux mapamerapa y (pochuro-O0opaHCKIM
napoBMMa, a TH Hojauu cy omoryhmnm mnopeheme CTpykTypa (QpyCTpHpaHHX H
KTacH4YHUX JIlyHCOBHUX MapoBa.

Hajsehu 6poj kpucrannux crpykrypa (78,1%) caapxxu BH; kao 6opan. Y tum
cucreMuma, oop-pochop pacrojame je kpahe y mopehemy ca cuctemuma rie je atoMm
0opa OKpyXEH rpymaMa KoOje Cy pa3iHuuTe OjJ aroMa BojoHHMKa. Anamu3za CSD
nojaraka mokazana je ma FLPs melhy cBum QocdrHO-O0opaHCKHUM MapoBHMa HMajy
TEHJCHIM]Y Ka HajayXuM Oop-¢pochop pacrojambnMa, Kao W pasIHYUTe OCTaje
reomepujcke napamerepe. Iloxanu nponaleHn y KpUCTAIHUM CTPYKTypama 1okasyjy Ja
je BehmuHa Qpycrpupanux QocuHO-O0paHCcKHX mapoBa mpemornheHa. MamnHa
Henpemornhennx FLPs-a, mopex atoma dochopa u 6opa, caapKu i Apyre XeTepoaToMe
(ma mpomep O, N, S). lakne, npoHahero je ma nmpasu FLPs He Mory OWTH H30710BaHM.
OBgaj paj takohe npenaxe peBuarpame HoMeHKaType yBoaehu nzpas “nadasu” (Loose)
JIyucoBu naposu.

[MoceOHa 3axBanHocT je ynyheHa MHTepHAIIMOHANHO] KPUCTIOrpadCKOj YHUjU
(IUCr), koja je omoryhmia npe3eHroBame oBor paga Ha XXV Koudepenrmju Cprckor
KpHUCTAI0rpad)CKor IpyIInTBa.

[1] E. Gamble, P. Gilmont, J. Am. Chem. Soc. 62 (1940) 717-721.

[2] G. Welch, L. Cabrera, P. Chase, E. Hollink, J. Masuda, P. Wei, D. Stephan, Dalton
Trans, 31 (2007) 3407-3414.

[3] M. M. Milovanovi¢, J. M. Andri¢, V. B. Medakovié, J.-P. Djukic, S. D.Zari¢, Acta
Cryst. B74 (2018) doi:10.1107/S2052520618003736.
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ARE PHOSPINE-BORANE PAIRS CLASSICAL OR
FRUSTRATED? ANALYSIS OF CAMBRIDGE STRUCTURAL
DATABASE.
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4, rue Blaise Pascal, Strasbourg, 67000, France; © Innovation center, Department of
Chemistry, Studentski trg 12-16, Belgrade, 11000, Serbia; ¢ Texas A&M University at
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It has been long known that most of the phosphine-borane (Lewis acid - base)
pairs make a classical covalent bond between the acid — base centers [1], however, the
discovery of “frustrated” Lewis acid - base pairs (FLPs), among which
tris(pentafluorophenyl)borane with a variety of phosphines are the most studied ones,
showed a great influence of the non-covalent interactions in these systems, and opened a
new field of research in chemistry [2].

The phosphine-borane interactions study [3] was based on the analysis of
crystal structures archived in the Cambridge Structural Database (CSD). The differences
in crystallographic parameters of various phosphine — borane pairs have been described
and the data enabled to compare structures with FLPs and structures with classical Lewis
pairs.

Most of the crystal structures (78.1%) contain the BH; as borane. In these
systems, the boron-phosphorus distance is shorter compared to systems where the boron
atom is surrounded by groups different than hydrogen atoms. The analysis of the CSD
data has shown that FLPs have a tendency for the highest boron-phosphorus distance
among all phosphine-borane pairs, as well as different other geometrical parameters. The
data found in crystal structures show that most of the frustrated phosphine-borane pairs
are bridged ones. The minority of non-bridged FLPs structures contain, beside
phosphorus and boron atoms, other heteroatoms (O, N, S for instance). Therefore, it was
found that truly FPLs could not be isolated. The report also suggests on a revising of the
nomenclature of the pairs by introducing a term “Loose” Lewis pairs.

Special gratefulness is referred to the International Union of Crystallography
(IUCr), which has made a presenting of this work on the 25™ Conference of Serbian
Crystallographic Society possible.
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MHUKPOCTPYKTYPHA AHAJIN3A YUCTUX U
CYIICTUTYUCAHUX HAHOYECTUIA MATHETHUTA CA
INOBO/BITAHOM E®UKACHOLIRY 3A MATHETHY
XHUIIEPTEPMUJY
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“Uncmumym 3a naykneapme nayke ,,BUHYA“; Vnusepsumem y Beoepady, beoepao,
Cpbuja; * Hncmumym 3a nanonayxe Apacow, Jenapmman 3a usuxy uecmoz cmarsa,
Yuusepsumem y Capazcocu, Capacoca, [LInanuja

e-mail: natasaj@vin.bg.ac.rs

MarnerHe HaHouecTulle Ha 0a3u okcuna reoxha, Hapounto MarHeTuT (Fe;Oy),
O0OMMHO Ce MCHHTYjy Kao JIMjarHOCTUYKH M TepaleyTCKu areHcH. Hbuxosa crocoOHOCT
Jla JIOKAJHO T€HEPHIIy TOIUIOTY Kaja ce M3joke NpoMeHJbUBOM (AC) MarHeTHOM MOJbY
TeCTUpa Ce 3a XWIEPTEPMHUjCKH TpeTMaH obonenux henuja m TkuBa. MakcumaiHe
nepdopMaHce Tpejarba OdYEKyjy ce€ KOJ HAHOUYECTHIA YHja je BeNMYMHa Omcka
BPEIHOCTH Koja oxapelyje mpenazak U3 cyneprnapaMarHEeTHOT Y (PEpOMArHeTHO CTambe.
Ha ocHOBY excriepuMeHTaTHUX pesynTara, yectune Fe;O, Bemmumnae ~15-25 nm nmajy
Jo0pa XHIepTepMHjcKa CBOjCTBA MepeHa 101 (PM3HOJIOUIKK PEIEBAaHTHUM YCIIOBHMA.

Y 0BOM paxy, HAaHOYECTHIIE MAarHeTUTa, YUCTOT U AEIMMHYHO CYNCTUTYHCAHOT
jornma Zn wii Mn u Zn, 00JI0)KEeHE OJCMHCKOM KHUCEIMHOM, CHHTETUCAHE CY METOI0M
TEpPMHUUKOT pa3narama. Hanouecruie nodujeHe u3 pactsopa cy okapakrepucane XRPD,
TEM u EDX Ttexnmkama. OHe mMajy cnmHenHy CTpykTypy (S.G. Fd 3 m), cpenmy
BenmmunHy 27 (umctu Fe;O4), 18 (Zn-Fe;O4) m 17 nm ((Mn,Zn)-Fe;04), ycky
JUCTpUOYyLHMjy BeluuuHe, WM KyOHy wiM okraemapcky wmopdonorujy. SQUID
MarHeToMerap u Mes30ayepoBa CHEKTpOCKOIIMja KOpuIIheHH Cy 3a MarHeTHy
KapakTepu3aiujy y3opaka. EdukacHocT rpejama ¢epodaynaa, cacTaBbeHUX O] OBJC
UCIMTAHUX HAHOYECTHI[A JUCICPrOBAaHMX VY XEKCaHy, TECTHpPaHa j& MEpCHheM
cneuuduyne 6p3une ancoprnuuje (SAR). CTpyKTYpHH M MUKPOCTPYKTYPHH MapameTpu
y30paka n00WjeHn cy yTaumaBambeM audpaktorpama mnpaxa y Fullprof nporpamy
6azupanoM Ha PutBennoBoj meroau. TokoM aHannM3e MUKPOCTPYKTYPHUX Napamerapa,
pa3sMOTpeHe Cy pa3iIn4uTe KOMOWHANHWje M30TPOIHOI/aHM30TPOITHOT INUpEHa JIMHUja
ycien KOHAa4dHEe eenuyuHe KpPUCTAIUTAa U Mukponanpesarsa. Hajbosbe pesynrare naje
MOJIET y KOME c€ IOpEeA aHM30TPOITHOT MIMpema JMHHWja yclell KOHauyHE GenuyuHe
KPHCTAJINTa, YBOAW M M30TPOITHH AONPHHOC IIUPEHY JIMHUjA, TOK C€ IIMPEHE yCIeln
MUKpOHanpesarba OIUCYje M30TPOIHMM MozenoM. Ilapamerap pemeTke Koi cBa TpU
y30pKa MMa BPEIHOCTH THUITMYHE 3a BOMYMHUHO3HHM MarHeTuT, a=(8.3917(3)-8.3965(3))
A. YTaumeHa BpeIHOCT BeIMUMHE KPHCTAIMTA 33 YUCT, IUHKOM- U (Mn,Zn)-I0MupaHH
MarueTur je: 22, 16, 14 nm, pecriekTuBHO. Majia MHUKpOHamnpe3ama y CBa TPHU Y30pKa
yKa3yjy Ha Majiy ryctuHy aedekara y CTpykTypH, mro je takohe morBpheno HRTEM-
oM. Y CyNCTHTYyHpaHUM y30pLMMa, KOjH HMMajy CIMYHY BEIMYMHY HAHOYECTUIA U
CTEINIeH CYICTUTYLHje, MHKpDOHAlpe3amke MMa BeoMa OJHMCKe BPEJHOCTH, JOK je Y
YUCTOM MAarHeTHTy Mame. Hajoosbe xwumeprepmujcke mepdopmance (HajBumry SAR
BPEIHOCT) TOKa3yjy IIMHKOM CYIICTHTYHCaHE HAaHOYECTUIIC MAarHEeTHTa BenuuuHe 18 nm
(SAR ~660 W/g), a 3atum (Mn,Zn)-nonmupanu Fe;04 (~570 W/g) u uncru Fe;04 (~280
W/g), mepero y AC nospy amrumaryae, Hy = 23,87 kA/m u dpexsenunje, /= 228 kHz.
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MICROSTRUCTURE ANALYSIS OF PURE AND SUBSTITUTED
MAGNETITE NANOPARTICLES WITH IMPROVED
MAGNETIC HYPERTHERMIA EFFICIENCY
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“ Institute of Nuclear Sciences “VINCA”, University of Belgrade, Belgrade, Serbia,”
Instituto de Nanociencia de Aragon and Departamento de Fisica de la Materia
Condensada, Universidadde Zaragoza, Zaragoza, Spain

e-mail: natasaj@vin.bg.ac.rs

Magnetic nanoparticles based on iron oxide, especially magnetite (Fe;O,4), are widely
investigated as diagnostic and therapeutic agents. Their ability to generate localized heat
upon excitation with an AC magnetic field has been explored for hyperthermia treatment
of diseased cells and tissues. The maximum heating performance are expected from
nanoparticles whose size is close to the value which determines transition from
superparamagnetic to ferromagnetic state. In the experiments, ~15-25 nm sized magnetic
iron oxide nanoparticles show good heating efficiency under physiologically relevant
conditions.

In this work, magnetite nanoparticles, pure and partially substituted with Zn or Mn
and Zn, capped with oleic acid, were synthesized by thermal decomposition method. The
nanoparticles obtained from the solution were characterized by XRPD, TEM and EDX.
According to XRPD and TEM results they display the spinel structure (S.G. Fd3 m), a
mean size of 27 (pure Fe;0,4), 18 (Zn-Fe;0,4) and 17 nm ((Mn,Zn)-Fe;0,),a narrow size
distribution and cubic- or octahedral-like shape. SQUID magnetometry and Mdssbauer
spectrosopy were used to performed the magnetic characterization of the samples. The
heating efficiency of ferrofluids composed of here investigated nanoparticles dispersed
in hexane, were tested by measuring the specific absorption rate (S4R). The structural
and microstructural parameters of the samples were refined using the XRD data and the
program Fullprof based on Rietveld profile matching method. All parameters were
refined in a model in which the stoichiometry of the samples was adjusted according to
the results obtained by EDX analysis, while the cations distribution was modeled in
accordance with the preferred cations occupancy. When microstructural analysis was
applied, different combinations of the isotropic/anisotropic size and strain broadening
were considered. The very good refinement was achieved when, in addition to the
anisotropic size broadening (which contribute to the Lorentzian component of the profile
function), we introduced a contribution of an isotropic size broadening via a Gaussian
function, and kept the isotropic strain broadening model. Lattice parameter in all three
samples shows typical values of bulk magnetite, a=(8.3917(3)-8.3965(3)) A. The
refined crystallite size, dxrp, for pure, Zn- and (Mn,Zn)-doped Fe;0,4 NPs, was found to
be 22, 16, 14 nm, respectively. A low value of the microstrain in all three samples
indicates the low density of crystal imperfections, what is also confirmed by HRTEM. In
substituted Fe;O, nanocrystals, with similar particle size and substitution level,
microstrain is almost of the same order, while in pure magnetite microstrain decreases.
The 18 nm-sized Zn-doped Fe;O4 nanocubes exhibit the highest SAR value, ~660 W/g,
followed by (Mn,Zn)-doped Fe;0,4 (~570 W/g) and pure Fe;04 (~280 W/g), measured in
AC field with amplitude, Hy=23.87 kA/m and frequency, /= 228 kHz.
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CHUHTE3A, KPUCTAJIHA CTPYKTYPA 1 MATHETHE
OCOBHUHE CaRu;.,Ti,O3 (x=0; 0,03)

. M. Bpaaapuh,®, B. M. Matuh®, M. CaBuh”
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[TepoBckuTH mpencTaBibajy MMPOKY Kilacy Marepujaja KojHu Ioceayjy pasHOBpPCHE
(du3HUKe 0cOOHMHE, MOYEB O] CYNEPIPOBOIHOCTH, KOJIOCAIHE MarHeTO-OTIOPHOCTH JI0
MarHeTHHHX M (epoeNeKTpUIHnX ocobuHa. Kammumjym pyTeHaT Kpucranwime Yy
poMOMYHO] MomMUKAIMjH HaeamHe KyOHE IEPOBCKHTHE CTPYKType, TOEe poTamuja u
noMepaj KHCEOHMYHHX OKTaenapa Hrpajy BakHy ynory y neduHHIUju OcoOHHA
jenumema. Cmarpa ce na ce CaRuO; Hana3u y GIIM3MHN KBAaHTHE KPUTHUYHE Tauke 300r
0co0OHHa KOje 3HaTHO OJICTYMajy o ocoduHa DepMujeBe TEUHOCTH, a KOje Cy M3paxKeHe
y TEMIepaTypcKoj 3aBUCHOCTH EJIEKTPUYHOI OTIIOpa, ONTHYKE IPOBOAJBUBOCTH H
cneuuduyne Toruiore [1-6]. Y oBoM m3narawby hemo kpo3 JerajbHa MarHeTHa Mepema
MOKa3aTH Jia MarHeTHH OJrOBOp CHCTEMa Y 3aBHCHOCTH O] TeMIIEpaType OAroBapa
KPUTHUYHOM yCIIOpaBamy CIUHCKUX (uIyKTyanuja nprimkoM xnahema ka T = 0 K. Osa
Onakarma CMO ITOTBPAWIM y MarHeTHUM Mepemuma Ha Cagg7Ti030;3, Koja mokasyjy
M3paXKeHH MarHeTHHU OJrOBOP YIIPaBO Ha TeMIlepaTypaMa Koje 0JroBapajy aHoMajnjama
KOJI YHCTOT jeTUHCHA.

[1] L. Klein, L. Antognazza, T. H. Geballe, M. R. Beasley, and A. Kapitulnik, Phys. Rev.
B, 60 (1999) 1448.

[2] G. Cao, O. Korneta, S. Chikara, L. E. DeLong, and P. Schlottmann, Solid State
Commun.,148 (2008) 305.

[3] J. Gunasekera, L. Harriger, T. Heitmann, A. Dahal, H. Knoll, and D. K. Singh, Phys.
Rev. B, 91 (2015) 241103.

[4] N. Kikugawa, L. Balicas, and A. P. Mackenzie, J. Phys. Soc. Jpn., 78 (2009) 014701.
[51Y.S. Lee, J. Yu, J. S. Lee, T. W. Noh, T.-H. Gimm, Han-Yong Choi, C. B. Eom,
Phys. Rev. B, 66 (2002) 041104.

[6] M. Schneider, D. Geiger, S. Esser, U. S. Pracht, C. Stingl, Y. Tokiwa, V.
Moshnyaga, 1. Sheikin, J. Mravlje, M. Scheffler, and P. Gegenwart, Phys. Rev. Lett., 112
(2014) 206403.
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SYNTHESIS, CRYSTAL STRUCTURE, AND MAGNETIC
PROPERTIES OF CaRu;,Ti\O3 (x=0; 0.03)
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of Physics, University of Belgrade, Studentski trg 12, 11001 Belgrade, Serbia
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Perovskites represent the wide class of materials exhibiting many different
physical properties ranging from superconductivity, colossal magnetoresistance to
ferroelectricity. Calcium ruthenate crystallizes in the orthorhombic modification of the
ideal cubic perovskite structure, within which rotation and tilting of the oxygen
octahedra play an important role in the definition of the properties of the material. It is
widely believed that CaRuO; is located close to a quantum critical point due to the
strong non-Fermi-liquid behavior expressed in the temperature dependence of electronic
transport, optical conductivity, and specific heat [1-6]. We will show here through
detailed magnetic measurements that temperature dependence of the magnetic response
of the system corresponds to the critical slowing of spin fluctuations towards T = 0 K.
We confirm these observations by magnetic measurements of CaRuygg7Ti 303, which
show a pronounced magnetic response corresponding to the anomalies observed in the
pure compound.

[1] L. Klein, L. Antognazza, T. H. Geballe, M. R. Beasley, and A. Kapitulnik, Phys. Rev.
B, 60 (1999) 1448.

[2] G. Cao, O. Korneta, S. Chikara, L. E. DeLong, and P. Schlottmann, Solid State
Commun.,148 (2008) 305.

[3]J. Gunasekera, L. Harriger, T. Heitmann, A. Dahal, H. Knoll, and D. K. Singh, Phys.
Rev. B, 91 (2015) 241103.

[4] N. Kikugawa, L. Balicas, and A. P. Mackenzie, J. Phys. Soc. Jpn., 78 (2009) 014701.
[57Y.S. Lee, J. Yu, J. S. Lee, T. W. Noh, T.-H. Gimm, Han-Yong Choi, C. B. Eom,
Phys. Rev. B, 66 (2002) 041104.

[6] M. Schneider, D. Geiger, S. Esser, U. S. Pracht, C. Stingl, Y. Tokiwa, V.
Moshnyaga, 1. Sheikin, J. Mravlje, M. Scheffler, and P. Gegenwart, Phys. Rev. Lett., 112
(2014) 206403.
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EBOJYIHHUJA CTPYKTYPHUX CBOJCTABA CuFe;04 M a-Fe;03
NHHUIIUPAHA TEPMUYKHNUM TPETMAHOM
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e-mail: violeta@vinca.rs

CuFe,04 ¢aza npencrassba npeaMeT HayqHOT HCIIUTHBaba 300T TOTEHIMjaIHE
NPUMEHE y PAa3IMYUTUM 00JIaCTUMa MCTPaXkHBama (EIeKTpoXeMuja, Karauusza). Y OBOj
CTYIHjH, UCIIUTHBAHN Y30pIHM CY NPUIPEMIbEHH METOIOM KO-IIPELUNHUTALHje. Y30paK
S1 je nobujen memramem Cu®" u Fe' muTpaTHMX comu y MomapHoM omsocy 0.003 :
0.003, 1ok y3opak S2 campxu cMmameny komuunay Fe' jona (Cu®™: Fe'™=0.003 : 0.0024
MoJIoBa). Y3opak S3 je mpurnpeMibeH Kao KOHTPOJHH Y30paK, MICHTHYHOM METOIOM
npunpeme 6e3 Cu’’ jona (Fe*'= 0.003 mon), kaxo 61 ce ncrmrao yrumaj Cu®' jona ma
IPOU3BOA CHHTe3e. l[lpunpemsbeHH IPaxoBH Cy MOIBPTHYTH MAaJbeM TEPMHUYKOM
Tpermany Ha 300 °C, 500 °C, 700 °C, 900 °C u 1100 °C toxom 3h.

Ananmuza penarercke nudpakuuje (XRD) kopumrhena je 3a ucnuTHBame
CTPYKTYpe *apeHux npaxosa. [Ipe nporieca xapema, y3opak S1 caxpixkao je 2-JIHMHUjCKH
¢epuxunpun (2L-Fhyd), yzopak S2-CuO, u ysopak S3 je cazmpkao 2-JMHH]CKH
¢epuxuapun. TepMUUKHM TpeTMaH je MPOY3POKOBAO CTPYKTYPHY  €BOJYLHjY
WCTIUTUBAHUX y3opaka. S1 3agpxasa mpucyctBo 2L-Fhyd m mHakon xapema Ha 300 °C.
Kapemwe Ha BummmM Temmeparypama ao 1100 °C pesyarupano je mojaBom CuFe,O; u
CuO. ITocne xapema Ha 1100 °C mpumehena je camo Terparonansa (t) CuFe,O4 da3za.
VY3opak S2 nokasyje yop3any tpancdopmanujy y CuFe,04 1 CuO Ha 300 °C. O6e daze
cy npucytHe 10 1100 °C, kazna je mpumehena camo crimtena (s) CuFe,0, ¢a3za.
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Ca npyre crtpane, HexxapeHH y3opak S3 HakoH kapewa Ha 300 °C mokasyje
npucyctBo 4uctor o-Fe,Os;, a TOKOM Jajker ’kapema je npumeheHo H3IyXKeme U
CyXaBame IU(PAKIUOHMX MAKCHMyMa, IITO yKa3yje Ha pacT HAaHOKPHCTajla XeMaTHTa.
[lepepoBa jemHaumHa TpHUMEHmEHA je 3a onpehuBame BETMYMHE KPHCTAIHTA.
JIMCKyTOBaH je yTHIAj yCIIOBa CHHTE3€ Ha CTPYKTYPHY TpaHCc(hHOpMalHjy W BEIUIUHY
HAHOKPHCTAJIA IPUCYTHUX y UCTIMTHUBAHUM Y30pIIIMa.

Buonema Huxonuh ce 3axsamyje Mehynapoouoj yruju 3a xpucmanozpagujy
(IUCr)koja je omoeyhuna yuecmeogarbe Ha 080j KOHpepeHyuju.
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EVOLUTION OF CuFe;04 AND a-Fe;O3 STRUCTURAL
PROPERTIES INITIATED BY THERMAL TREATMENT

V. N. Nikoli¢* , M. M. Mili¢*

“Department of Theoretical and Condensed Matter Physics, Vinca Institute of Nuclear
Sciences, University of Belgrade, Serbia
e-mail: violeta@vinca.rs

CuFe,0,4 phase has been a subject of scientific research due to its potential
various applications in different research and technological areas (electrochemistry,
catalysis). In this study, investigated samples were prepared by co-precipitation synthesis
method. Sample S; was obtained by mixing Cu®" and Fe’" nitrate salts in the molar ratio
0.003 : 0.003, whereas sample S, comprised reduced amount of the Fe** ions (Cu®" : Fe**
=0.003 mol : 0.0024 mol). Sample S3 was prepared as the control sample, by identical
preparation method but without Cu®" ions (Fe’* = 0.003 mol), in order to investigate
influence of the Cu®" ions on the synthesis product. Prepared dried powders were
subjected to the further annealing treatment, at 300 °C, 500 °C, 700 °C, 900 °C and 1100
°C for 3h.

X-ray diffraction (XRD) analysis was used to investigate structure of the
annealed powders. Before annealing process, sample S1 contained 2-line ferrihydrite
(2L-Fhyd), sample S2 contained CuO, and S3 contained 2-line ferrihydrite. Thermal
treatment caused structural evolution of the investigated samples. S1 retains the presence
of 2L-Fhyd after annealing at 300 °C. Annealing at higher temperatures up to 1100 °C
resulted in the appearance of CuFe,O, and CuO. After annealing at 1100 °C only
tetragonal (t) CuFe,O4 phase was observed. Sample S2 exhibits promoted transformation
to CuFe,04 and CuO at 300 °C. Both phases are present up to the 1100 °C, when only
spinel (s) CuFe,0O, phase can be observed.
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Jugppaxmoepamu yzopaxa Sl (t-CuFe,0,) u S2 (c-CuFe,0,) scapenux na 1100 °C moxom 3h.

On the other hand, as-synthesized sample S3 showed presence of pure a-Fe,Os
after annealing at 300 °C, and during further annealing treatment elongation and thinning
of diffraction maxima was observed, pointing to the growth of the hematite nanocrystals.
Scherrer equation was applied to determine crystallite sizes. Influence of the synthesis
conditions on structural transformation and size of nanocrystals formed in the
investigated samples, have been discussed.

Violeta Nikoli¢ would like to thank International Union of Crystallography
(IUCr) for enabling participation in this conference.
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Li;FeSiO4s KAO KATOAHU MATEPHUJAJI 3A INTUJYM-
-JOHCKE BATEPUJE: CUHTE3A, CTPYKTYPHE U
EJIEKTPOXEMUJCKE KAPAKTEPUCTHUKE
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e-mail: milos.milovic@itn.sanu.ac.rs

Jlutujym rBoxhe(Il) cumukar Li,FeSiO4 motude u3 GpaMmimje opTOCHINKATa OIIIITE
tdopmyne Li,MSiO, (M = Mn, Fe, Co, utz.) uyija IOTEHNIHjaTHA IPETHOCT ¥ OJHOCY HA
TpaauIMOHaIHEe KaToHe MaTepujaie, nomyT LiCoO, unu LiFePO,, nexu y moryhHnoctu
MHTEpKaalyje ABa JIMTHjyMa IITO O BOAMIO 3HA4YajHUjeM yBehamby KamanureTra KaToje
[1]. Hucka niena reoxha kao u Beha cTtabMIHOCT TOKOM IuKiIupama ynHA LiFeSiO,
HEIITO aTPaKTUBHUJUM 3a IIPUMEHY Y OZIHOCY Ha HETOBE CPOJHUKE U3 Tpyne. Mehytum,
[JIABHM HEJOCTaTaKk OBOI' MaTepHjaja je BpJIO HHCKA JOHCKA U EJICKTPOHCKA
NPOBOJJBUBOCT KOje OUTHO OrpaHH4aBajy HEroBy NPHMEHY, a NOTOTOBY 3a Halajame
ypehaja Behe cHare (peruMo eneKTpuIHUX Bo3mia) [2].

VY mwpy yHanpehema KaTOAHUX CBOjCTaBa, y OKBUPY OBOT MCTpaXKMBama KopuuiheH
je mpuctyn noOujarma KOMITO3UTa aKTHBHOT MaTepujaia u yribenuka, Li,FeSiO,/C, Ha
NOBHIICHO] TEMIIEPAaTypH, IIPU YeMy CE YIJbCHHK (OpMHpPa ITUPOIU30M U3 OPraHCKOT
mpeKypcopa in situ TpuinKoM HactaHka u camor LiyFeSiO,. IlouetHm y3opak
CHHTETHCaH je 0e3 YIJbeHHKa, a CHHTETHCaHa Cy W TPHU Y30pKa Ca pa3IUYUTHM
canmpxajeM yribeHnka. Kao u3Bop yribeHuka yrnopeOsbeHa je MEeTHIIIeyio3a 300r cBoje
M3BaHpeqHEe 0cOOMHE Ja ce PeBEpP3MOMITHO pacTBapa WM renupa y Boau (Y 3aBUCHOCTH
on Temmeparype). Ha xpajy, ucnuTHBaHe Cy CTPYKTYpHE, MHKPOCTPYKTYpHE H
EJIEKTPOXEMHUJCKE KapaKepPUCTUKE TOOUjEeHHX MpaxoBa.

Yuemhe Ha 0BOj KoH(epeHuMju puHACKpaHO je cTuneHaujom MelyHapoaHe yHuje
3a kpucranorpadpujy (IUCr).

[1] S. Ferrari,D. Capsoni,S. Casino, M. Destro, C. Gerbaldi, M. Binni, Phys. Chem.
Chem. Phys., 16 (2014) 10353-10366.

[2] A. R. Armstrong, N. Kuganathan, M. S. Islam, P. G. Bruce,J. Am. Chem. Soc., 133
(2011) 13031-13035.
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Li;FeSiO4 AS CATHODE MATERIAL FOR LITHIUM-ION
BATTERIES: SYNTHESIS, STRUCTURAL AND
ELECTROCHEMICAL CHARACTERISTICS
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“ Institute of Technical Sciences of SASA, Belgrade, Serbia;” “Vinca” Institute of
Nuclear Sciences, University of Belgrade, Belgrade, Serbia
e-mail: milos.milovic@itn.sanu.ac.rs

Lithium iron(Il) silicate LiFeSiO, belongs to the family of orthosilicates with the
general formula Li,MSiO; (M = Mn, Fe, Co, etc.) whose potential advantage over
traditional cathode materials, such as LiCoO, or LiFePO,, lies in the possibility of
intercalating two lithium ions, which would lead to a significant increase of cathode
capacity [1]. Low market price of iron, as well as more stable performance during
charge-discharge cycling, makes Li,FeSiO4 more attractive for the application than its
relatives in the group. However, the main disadvantage of the material is a very low
ionic and electronic conductivity which significantly limits its application, especially for
the use in high power devices (such as electric vehicles) [2].

In order to improve cathode performance, the approach that was applied in this
investigation includes synthesis of the active material and carbon composite,
Li,FeSiO4/C, with the carbon being formed by the pyrolysis of organic precursor in situ
during formation of Li,FeSiO, at high temperature. The initial sample was synthesized
without carbon, and three other samples were synthesized with different carbon content.
As a source of carbon, the polymer of methylcellulose was used because of its
outstanding ability to reversibly disolve or gel in water (depending on temperature).
Finally, structural, microstructural and electrochemical properties of the obtained
powders were examined.

Participation in this conference is financed by the International Union of
Crystallography (IUCr).

[1] S. Ferrari,D. Capsoni,S. Casino, M. Destro, C. Gerbaldi, M. Binni, Phys. Chem.
Chem. Phys., 16 (2014) 10353—10366.

[2] A. R. Armstrong, N. Kuganathan, M. S. Islam, P. G. Bruce, J. Am. Chem. Soc., 133
(2011) 13031-13035.
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POJAVA OPALSKE MATERIJE U HIDROTERMALNO
IZMENJENIM DIJABAZIMA, DEBELO BRDO, PLANINA
POVLEN
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“Institut za multidisciplinarna istraZivanja, Kneza Viseslava 1, 11030 Beograd, Srbija;
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e-mail: nnikolic@imsi.bg.ac.rs

U ovom radu opisana je pojava staklaste opalske materije (slika 1) koja oblaze
hidrotermalni kanal otkriven u izmenjenom dijabazu. Ovi dijabazi Cine tektonski
smesteno ekstruzivno magmatsko telo u sklopu vulkanogeno-sedimentnog ofiolitskog
melanza, tzv. dijabaz-roznjacke formacije [1]. Pregledom mikroskopskog preparata
utvrdeno je da je izmenjena masa dijabaza izgradena od razli¢itih domena: plisiranog i
retikularnog vlaknastog karbonata izmedu kojeg je intersticijska amorfna do lokalno
rekristalisala opalska materija. Uoceno je da opalska materija oblaZe i alterisanu masu
dijabaza gde se javlja u vidu bubreZzastih agregata ili bezbojnih i prozra¢nih mle¢nobelih
traka koje se naizmeni¢no smenjuju.

Slika 1.

SEM-EDS analizom utvrdeno je da intersticijsku opalsku materiju ¢ini silicija
sa tragovima Na, Al i Fe (<0,5 at.%). Trakastu opalsku materiju ¢ini takode silicija, ali
samo sa tragovima Na (<0,5 at%).

Rendgenskom difrakcionom analizom potvrdeno je da su u ispitivanim
uzorcima prisutne dve vrste opala razli¢itog stepena uredenja strukture: opal-A i opal-
CT. Opal-A je vrlo neuredene strukture, gotovo amorfne. Predstavljen je Sirokim pikom
na 42 A na difraktogramu (slika 2). Opal-CT, &iju strukturu izgraduju pakovanja
tridimita i kristobalita [2], potvrden je na osnovu pikova sa d-vrednostima 4,31-4,32 A i
4,10-4,11 A. Na dijagramima se jasno uo¢ava postojanje opala-CT razli¢itog stepena
uredenja. Opal-CT 1 pokazuje znatno veéi stepen neuredenosti strukture od opala-CT 2.
Poredenjem dobijenih rezultata sa rezultatima sistematski ispitivanih opala sa razlicitih
lokaliteta u svetu [3], utvrdeno je da je ispitivani opal-CT izgraden od preko 85%
tridimitske komponente.

[1] S. Mojsilovi¢, 1. Filipovi¢, D. Baklaji¢, 1. Bokovi¢, M. Navala, Osnovna geoloska
karta 1:100000, List Valjevo, Zavod za geoloska i geofizicka istrazivanja, Beograd
(1965).

[2] O.W. Florke, Neues Jb. Mineral. Monat., 10 (1955) 217-224.

[3] C. Ghisoli, F. Caucia, L. Marinoni, Powder Diffraction, 25(3), (2010) 274-282.
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In this paper it is described the occurence of glassy opaline matter (Figure 1)
lining hydrothermal vent discovered in altered diabase. These diabase rocks represent
tectonically emplaced extrusive igneous body within the volcanic-sedimentary ophiolitic
assemblage so called diabase-chert formation [1]. At the microscopic scale, an altered
mass of diabase is composed of distinct domains of the wavy and reticular fibrous
carbonates interlocking the interstitial patches of the amorphous to locally recrystalised
opaline matter. It was observed that the opaline matter lined the altered mass as well, and
that it occurs either in the form of boitroidal aggregates or as the alternating colorless
and translucent milky white bands.

SEM-EDS analysis revealed that the interstitial opaline matter is silica with
traces of Na, Al, Fe (< 0.5 at.%). The banded opaline matter is also silica, however, with
traces of Na only (< 0.5 at.%).

Further, the X-ray powder diffraction
analyses in the examined samples revealed two

A types of opaline matter of different degree of

K/ \ disorder: opal-A and opal-CT. The structure of opal-

\\ Opal-CT 2 . . .

/ e A is very disordered, almost amorphous. It is

[ . inferred from a broad reflection at ca. 4.2 A in the

o diffraction pattern (Figure 2). Opal-CT, which

“'3%\ structure is disordered, interlayering of crystalline

‘m'///// gperett cristobalitic and tridymitic stacking units [2], was

confirmed on the basis of reflections with d-values

of 431432 A and 4.104.11 A. Xray

o ::M Opal-h diffractograms show the existence of opal-CT of a

ot et different degree of order. Opal-CT 1 shows a

significantly higher degree of disorder with respect

o . . . to the opal-CT 2 (Figure 2). By comparing the

20() obtained data with the previously published results

of systematically examined opalsworldwide [3], it is

found that the investigated opal-CTcomprises over
85% of tridimite.

4.10
4000

2000 4

Intensity (a.u.)

Figure 2.

[1] S. Mojsilovi¢, 1. Filipovi¢, D. Baklaji¢, 1. Dokovi¢, M. Navala, Osnovna geoloska
karta 1:100000, List Valjevo, Zavod za geoloska i geofizicka istrazivanja, Beograd
(1965).

[2] O. W. Florke, Neues Jb. Mineral. Monat., 10 (1955) 217-224.

[3] C. Ghisoli, F. Caucia, L. Marinoni, Powder Diffr., 25(3), (2010) 274-282.
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SOLID-STATE CHARACTERIZATION OF THE NEW
MOLECULAR SALTS OF PYRIDOXINE

A. Cvetkovski®, G. Petrusevski ", Lj. Pejov ¢, M. Stojanovska °, S. Ugarkovic *, P.
Makreski®

“ Faculty of Medical Sciences, University Goce Delcev, Krste Misirkov bb, 200 §tip, PO
201, R. Macedonia;bR&D Institute, Alkaloid AD, Bul. Aleksandar Makedonski 12, 1000
Skopje, R. Macedonia; ‘Institute of Chemistry, Faculty of Natural Sciences and
Mathematics, Ss. Cyril and Methodius University, Arhimedova 5, 1000 Skopje, R.
Macedonia

e-mail: aleksandar.cvetkovski@ugd.edu.mk

The concept of pharmaceutical salts, aimed to enhance the stability of acidic, basic or
amphoteric drugs through their conversion by completed charge/proton transfer to one of
the ionic form, that is electrostatically paired with counterion in form of salt type of API
(Active Pharmaceutical Ingredients), has been accompained with subgroup of
pharmaceutical cocrystals (PCC) [1]. The choice for the coformers (CF) for drug
molecule is extened to wide range of substances that mutualy share the proton transfer
ranging from neutral to charge-assisted H-bonds formation. The crystal structures of
PCCs, formed by specific intermolecular motifs between API and CF are different from
that of pure API and CF, and consequently influence to their diverse specific physical
properties, i.e. API dissolution rate and solubility [2]; API pharmacokinetics [3] and
bioavailability [4] in comparison with all solid forms in which API may exist [5]. In
addition to previously determined structures on two molecular salts of API pyridoxine
(vitamin B6, hereforth referred as PN), the B-hydroxypyridine derivative, with two
aromatic acids, ferulic acid (FER) and syringic acid (SYR), that are potent antioxidants:
PN-FER in 1:1, and PN-SYR hydrate in 1:1:1 molar ratio [6], we carried out their solid-
state characterization. The pyridoxine cations are characterized by a O3-H...02
intramolecular hydrogen bond, while the protonated nitrogen forms a strong N-H---O
interaction with the coformer carboxylate group, whose short N---O distance is typical
of charge-assisted hydrogen bonds. For the purpose of the work, we correlate the crystal
structures in these PN molecular salts with their FT-IR and Raman spectra, as well as
interpreted thermodynamic profiles fromthe TG/DSC measurements.

[1] S. L. Childs, G.P.Stahly, A. Park, A.Mol. Pharmaceutics, 4 (2007) 323— 338.

[2] S.J. Nehm, B. Rodriguez-Spong, N. Rodriguez-Hornedo, Cryst. Growth Des.6 (2006)
592-600.

[3] M.L. Cheney, N. Shan, E.R. Healey, M. Hanna, £..Wojtas, M.J. Zaworotko, V. Sava,
S. Song, J.R. Sanchez-Ramos, Cryst. Growt. Des. 10 (2010) 394—405.

[4] A. Bak, A. Gore, E. Yanez, M. Stanton, S. Tufekcic, R. Syed, A. Akrami, M. Rose,
S. Surapaneni, T. Bostick, A. King, S. Neervannan, D. Ostovic, A. Koparkar, J. Pharm.
Sci. 97 (2008) 3942-3956.

[5] S.L. Morissette, O. Almarsson, M.L. Peterson, J.F. Remenar, M.J. Read, A.V.
Lemmo, S. Ellis, M.J. Cima, C.R. Gardner, Adv. Drug Deliv. Rev. 56 (2004) 275-300.
[6] A. Cvetkovski, V. Ferretti, V. Bertolasi, Acta Cryst. C73 (2017) 1064—1070.
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CHUHTE3A U KAPAKTEPU3AIINJA
N30THOLINJAHATO/TUOINMUNIJAHATO KOMIUVIEKCA Cd(II)
CA KOHAEH3AIIMOHUM INTPOU3BOJ10OM
2-AHETHJINIMPUIUHA U 7)KUPAPOBOTI' T-PEATEHCA

B. YoGesmsuh®, M. Munenxosuh®, A. Iesen’, JI. Jlapmanosuh®, H. Typen’, K.
Anheaxosuh®

“Xemujcku paxynmem, Yuusepzumem y beoepady, Cmydewmcku mpe 12-16, 11000
beoepao, Cpouja

SDarynmem 3a xemujy u xemujcky mexnonozaujy, Ynusepsumem y Jby6manu, Beuna nom
113, 1000 Jbybwana, Cnogenuja

e-mail: bozidar@chem.bg.ac.rs

Oxraenapcku kommuiekc Cd(II) (1) cacraBa [CAHL(NCS),(SCN)] je nobujen y peakuuju
Cd(NO;),'4H,0, NH,;SCN © KOHACH3AIMOHOT MPOM3BONA 2-alCTWINHAPHINHA U
XKupaposor T-pearenca (HLCI) y monckom omHocy 1 : 1 : 4 y cMmemm pacTBapaya
aneronuTpmi/Boga. KoopnuHanmono okpyxkeme Cd(Il) y xommimekcy 1 ce cactoju on
MUPUANHCKOT a30Ta, A30METHHCKOT a30Ta M KapOOHWIHOT KHCEOHHWKa, 1Ba N-
KoopanHOBaHA MoHomeHTaTHa SCN  Jmranma W jegHor S-koopawHoBaHor SCN™
nuranaa. XuApa3oHCKH JIMTaH[ je KOOPJMHOBAH Y He-IENpPOTOHOBAHOM, MO3UTHBHO
HaeJeKTPUCaHOM OOJHKY. Y UBPCTOM cTamy OKTaemapcka crpykrypa komruiekca Cd(ID)
je crabuian3oBaHa BOJOHHYHOM BE30M Koja ce (opmupa n3Mel)y BojoHMKA ca aMHHE
rpyne XUApPa30HCKOT JIMTaHJa U aToMa a3oTa u3 S-koopamHoBaHor SCN . Monekynicka
cTpykTypa 1 je mpukaszaHa Ha cauim 1.

Kommurexe 1 kpucranmiie y mpocTopHOj Tpynu P—1 TPUKIMHUYHOT KPHCTAIHOT CHCTEMa
ca mapameTpuma jeaunuune hemuje a = 9,0367(2), b =9,3906(3), ¢ = 13,2638(5) A, a =
81,5910(10), £="79,977(2), y=73,944(2)° u Z = 2. CtpyKTypa je KoHBeprupaia jo R =
0,0305 u Rw = 0,0869 3a 4350 youeHux peduiekcuja.

Cauxka 1. Monekyincka cTpyKkTypa koMiuiekca 1.
3axBajbyjeMo ce Ha (DMHAHCH)CKO] MOAPUINKM MHUHHCTApCTBAa HAyKe, MPOCBETE M TEXHOJOIIKOT

pasBoja Pemrybmuke Cp6uje (MO 172055) u Kpucranorpadceke mehynapoane yuuje (IUCr) koju cy
omoryhunm u3pany oBor paja u ydemhe Ha KOH(QEpEHINjH.
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SYNTHESIS AND CHARACTERIZATION OF
ISOTHIOCYANATO/THIOCYANATO Cd(1I) COMPLEX WITH
THE CONDENSATION PRODUCT OF
2-ACETYLPYRIDINE AND GIRARD’S T-REAGENT

B. Cobelji¢*, M. Milenkovié?, A. Pevec’, D. Darmanovié®, I. Turel”, K. Andelkovi¢*

“ Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade,
Serbia

b Faculty of Chemistry and Chemical Technology, University of Ljubljana, Vecna pot
113, 1000 Ljubljana, Slovenia

e-mail: bozidar@chem.bg.ac.rs

In the reaction of HLCI with Cd(NOs),-4H,0 and NH4,SCN in molar ratio 1 : 1 : 4 in
acetonitrile/water mixture of solvents, an octahedral Cd(Il) complex (1) was obtained,
with composition [CAHL(NCS),(SCN)]. In complex 1 coordination environment of
Cd(I) consist of pyridine nitrogen, azomethine nitrogen and carbonyl oxygen atoms
from hydrazone ligand, two N-coordinated monodentate SCN ligands and one S-
coordinated monodentate SCN ligand. Hydrazine ligand is coordinated without
deprotonation as a positively charged species. Insolid state the octahedral structure of
Cd(Il) complex is stabilized by hydrogen bond between amide hydrogen atom of
hydrazone ligand and nitrogen atom of S-coordinated SCN .The molecular structure of 1
is depicted in Fig. 1.

The complex 1 crystallizes in the space group P—1 of the triclinic crystal system with
unit cell parameters a = 9.0367(2), b = 9.3906(3), ¢ = 13.2638(5) A, a = 81.5910(10), B
=179.977(2), y=73.944(2)° and Z = 2. The structure converged to R = 0.0305 and Rw =
0.0869 for 4350 observed reflections.

Fig. 1.Molecular structure of complex 1.

Acknowledgements This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia 172055 and International Union of
Crystallography (IUCr).
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CHUHTE3A U KPUCTAJIHE CTPYKTYPE Co(1I1) KOMILVIEK CA
CA XUAPA3OHCKUM U THOCEMUKAPBA30HCKHUM
JIMTAHAUMA

. Pananosuh®, A. Ilesen’, M. Typen’, B. YoGemuh®, M. Muienxopuh®T.
Kemxuh®, K. AuhesxkoBuh®

“UXTM, Ynusepzumem y beoepady, Fbezowesal?2, 11000 Beozpao, Cpbuja

*Darynmem 3a xemujy u xemujcky mexnonozujy, Yuueepsumem y Jbybmanu, Beuna nom
113, 1000 Jbybmana, Cnosenuja

“Xemujcrku ¢paxyrimem, Ynusepsumem y Beocpady, Cmydemwmcxu mpe 12-16, 11000
beoepao, Cpouja

e-mail: radanovic@chem.bg.ac.rs

VY peakuujama Co(BF,),-6H,0 ca (E)-N,N,N-tpumeTtui-2-okco-2-(2-(1-(mupuaun-2-
VIT)e THITMCH ) XU ApasHHIn)eTas- | -amunnjym xtopugom (HL'Cl) u (E)-2-(1-(tnazon-2-
WIT)eTHIHACH) XU apasuH- | -kapboTroamuom (HL?) y mpucycTBY aMOHHjyM THOLjaHATA
no6ujenn cy [CoL',][Co(NCS),]BF, (1) u [CoL%,],[Co(NCS)4]-2H,0 (2) KOMILIEKCH K
OKapaKTepucaHu oMoy peHIreHcke cTpykTypHe ananuse. Kommieke 1 kpucranuiie y
P2,/c pocTopHOj TpynH ca mapameTpuma jenuHuune henuje a = 14,8835(9) A, b =
11,0183(6) A, ¢ = 25,1482(19) A, B = 97,677(6)° u V = 4087,1(5) A*. ¥ Co(III)
xomriekcy 1 1a Monekysna muraszna L' ce koopmHyjy 3a joH MeTana y UBHTEp jOHCKO]
dhopmu popmupajyhu okraemapcku KoMInieke mpeko xenatanuje NNO cera TOHOPCKUX
aToma. AcuMerpuuHa jemuHuna kommiaekca 1 caapxu [CoL';]™" xommexcuu xatjo,
[Co(NCS),]* xommuekchn anjon u BF, . Kommiekcuu xatjon [CoL';] ** u BF, cy
YKJbYyUeHH Y BOJOHUYHO BesuBamwe C-H---F tuna [1]. Kommnec 2 kpucranume y P2,2,2
TIPOCTOPHOj IPyNHM ca TapameTpuMa jequnuune hemuje a = 11,9146(6) A, b = 24.332(2)
A, c=87445(5) A, a= = y= 90° and ¥ = 2535,1(3) A’. Y Co(lll) kommexcy 2 1Ba
JIeTIPOTOHOBAaHA MoOJIeKysia nmranaa L* ce koopamHyjy 3a joH Merama (popmupajyhu
OKTaelapcKu KoMIIIeKe mpeko xenaranuje NNS ceta TOHOPCKHX aToMa. ACHMETPUYHY
jemmuniy kommiekca 1 umme [CoL?]" koMmiekcHM KaTjoH, Tona Monekyrna
[Co(NCS)4]*” KOMIUIEKCHOT aHjoHa H jeJaH MOJIEKyJl pacTBapada (Boze). Y KpHUCTaInMa
KOMIUIEKCa 2 KOMIUIEKCHU KaTjoHH cy nose3aHu npeko N-H--N n N-H---S BogoHnunux
BE3a.

[1] T. Steiner, Angew. Chem. Int. Ed., 41 (2002) 48-76.
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SYNTHESIS AND CRYSTAL STRUCTURES OF Co(III)
COMPLEXES WITH THE HYDRAZONE AND
THIOSEMICARBAZONE LIGANDS

D. Radanovi¢®, A. Pevec”, I. Turel’, B. Cobelji¢’, M. Milenkovi¢‘, T. Keski¢‘, K.
Andelkovi¢*

“Institute of Chemistry, Technology and Metallurgy, University ofBelgrade, Njegoseva
12, Serbia;

"Faculty of Chemistry and Chemical Technology, University of Ljubljana, Vecna pot
113, 1000 Ljubljana, Slovenia

‘Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade,
Serbia

e-mail: radanovic@chem.bg.ac.rs

In the reactions of Co(BF,),-6H,0 with (E)-N,N,N-trimethyl-2-o0x0-2-(2-(1-(pyridin-
2-yl)ethylidene)hydrazinyl)ethan-1-aminiumchloride (HL'CI) or (E)-2-(1-(thiazol-2-
yl)ethylidene)hydrazine-1-carbothioamide (HL?) in the presence of ammonium
thiocyanate [CoL',][Co(NCS)4]BF, (1) and [CoL2],[Co(NCS),]-2H,O (2) complexes
have been prepared and characterized by X-ray analysis. Complex 1 crystallizes in P2,/c
space group with unit cell parameters a = 14.8835(9) A, b = 11.0183(6) A, ¢ =
25.1482(19) A, = 97.677(6)° and V = 4087.1(5) A>. In the Co(Ill) complex 1 two
ligand molecules L' in a zwitter ionic form coordinate the metal atom forming an
octahedral complex by chelation through the NNO set of donor atoms. The asymmetric
unit of 1 contains [CoL',]** complex cation, [Co(NCS),]*~ complex anion and BF,". The
complex cation [CoL',]*" and BF,™ are involved in hydrogen bonds of C-H---F type [1].
Complex 2 crystallizes in P2,2,2 space group with unit cell parameters a = 11.9146(6)
A, b=24332Q) A, c =8.7445(5) A, o= f=y= 90° and V' = 2535.1(3) A°. In the
Co(IIT) complex 2 two deprotonated ligand molecules L* coordinate the metal atom
forming an octahedral complex by chelation through the NNS set of donor atoms. The
asymmetric unit of 2 consists of [CoL%]" complex cation, half of molecule of the
[Co(NCS)4]* complex anion and one solvent water molecule. In the crystals of complex
2 complex cations are connected by N-H:--N and N-H:--S hydrogen bonds.

[1] T. Steiner, Angew. Chem. Int. Ed., 41 (2002) 48-76.
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SINTEZA I KRISTALNA STRUKTURA 3-(1-m-TOLUIDIN-
-ETILIDEN)-HROMAN-2,4-DIONA

E. H. Avdovi¢®, V. V. Jevti¢ *, M. P. Kasalovi¢ *, D. Lj. Stojkovi¢ *, S. Jovi¢i¢ *
N. Vukovi¢ *, Z. Markovi¢ *, I. Poto¢iiak ¢, S. R. Trifunovi¢ *

@ Institut za hemiju, Prirodno-matematicki fakultet, Univerzitet u Kragujevcu, Radoja
Domanovica 12, 34000 Kragujevac, Repiblika Srbija; * Hemijsko-tehnoloski departman,
Drzavni univerzitet u Novom Pazaru, Vuka Karadzica bb, 36300 Novi Pazar, Republika
Srbija;* P. J. Safarik University in Kosice, Institute of Chemistry, Moyzesova 11,
SK-04154 Kosice, Slovak Republic

e-mail: edinanp@hotmail.com

Naslovno jedinjenje je dobijeno meSanjem i refluktovanjem ekvimolarnih koli¢ina
3-acetil-4-hidroksi kumarina i meta-toluidina u metanolu. Tok reakcije je pracen pomocu
TLC (toluen:aceton = 7:3). Nakon zavrSene reakcije rastvor se hladi do sobne
temperature. Dobijeni zuti kristali se suSe na vazduhu. Prekristalizacija je vrSena iz
metanola. Pretpostavljena struktura dobijenog jedinjenja potvrdena je na osnovu
rezultata rendgenske strukturne analize.

Kristalografski podaci: monklini¢ni kristalni sistem, prostorna grupa C2/c, veli¢ina
kristala 0,3933 x 0,2478 x 0,1680 mm’, a = 14,1089(12) A, b = 10,1504(8) A,
c = 20,1996(15) A, a = 90°, = 94,829(7)°, y = 90°, V = 2882,5(4) A’, Z = 8,
px = 1,352 g/em’, u = 0,093 mm™', R1 = 0,0395, wR2 = 0,0951.
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Slika 1. Molekulska struktura 3-(1-m-toluidin-etiliden)-hroman-2,4-diona
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SYNTHESIS AND CRYSTAL STRUCTURE OF 3-(1-m-
-TOLUIDINO-ETHYLIDENE)-CHROMANE-2,4-DIONE

E. H. Avdovié®, V. V. Jevti¢ *, M. P. Kasalovi¢ *, D. Lj. Stojkovi¢ ?, S. Jovi¢i¢ * N.
Vukovié¢ *, Z. Markovi¢ °, I. Poto&iiak ¢, S. R. Trifunovié *

“ Department of Chemistry, Faculty of Science, University of Kragujevac, Radoja
Domanoviéa 12, 34000 Kragujevac, Serbia;” Department of Chemical-Technological
Sciences, State University of Novi Pazar, Vuka Karadzi¢a bb, 36300 Novi Pazar, Serbia,

“Department of Inorganic Chemistry, Institute of Chemistry, P. J. Safdrik University in
Kosice, Moyzesova 11, SK-04154 Kosice, Slovak Republic
e-mail: edinanp@hotmail.com

The title compound was prepared by mixing and refluxing equimolar amounts of

3-acetyl-4-hydroxy coumarin and meta-toluidine in methanol for 3 hours. Progress of
reaction was monitored by TLC (toluene: acetone = 7:3). At the end of the reaction,
solution was cooled at the room temperature. The obtained yellow crystals were filtered,
air dried and recrystallized from methanol. Proposed structure of the obtained compound
was confirmed by X-ray structural analysis.
Crystal data: monoclinic crystal system, space group C2/c, crystal size
0.3933 x 02478 x 0.1680 mm’, a = 14.1089(12) A, b = 10.1504(8) A,
c = 20.1996(15) A, a= 90°, f= 94.829(7)°, y = 90°, V = 2882.5(4) Az, Z =8,
px = 1.352 g/em’®, 1 =0.093 mm™, R1 =0.0395, wR2 = 0.0951.

C5

Cs

Figure 1. Molecular structure of 3-(1-m-toluidino-ethylidene)-chromane-2,4-dione
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CHUHTE3A, KAPAKTEPU3AIINJA U KPUCTAJIHA
CTPYKTYPA KOMIUVIEKCA
[Ru(qﬁ-p-cimen)Clz(S-PhAPyCN-ITZ)]

M. Bykuh®, O. Kaucypuh®, 3. Matosuh®

“Ipupoono-mamemamuuxu  ¢axyrimem, Yuueepsumem y Kpaeyjesyy, Padoja
Jomanosuhia 12 34000 Kpazyjesay, Cpéuja; °Ipupoono-wamemamuuxu paxyimem,
Yuueepsumem y Hosom Caoy, Tpe Jocumeja Obpaoosuhia 3, 21000 Hosu Cao, Cpbuja
e-mail: maja.djukic@kg.ac.rs

Y oBOM paly NpHKa3aHa je CHHTe3a, KapakTepu3aldja M KpHCTaJIHa CTPYKTypa
komiuiekca Ru(Il) ca 5-permnamuno-3-nmuponauanH- 1 -uia-u30Trnaszon-4-kapOoOHUTPUIOM
(5-PhAPyCN-ITZ) xao nuranmom (Cnmka 1). Komruiekc je moOujeH y cuHTE3H
[(p-cimen)RuCl;,], u 5-PhAPyCN-ITZ nuranna pediykroBamemM 3 carta Ha TeMIieparypu
ox 100 °C y Tomyomy [1]. Hapanyactu kpuctanu JoOHMjeHN Cy U3 CMEIIe eTHI-alleTaTa u
MmeraHona. Kapakrepusanuja [00MjeHOT KOMIUIEKCAa H3BpIIEHa je CcHuMameM IR,
'HNMR u *CNMR CHeKTapa, Kao U PeHAreHCKOM CTPYKTYpHOM aHajiu3oM. [lopehemem
IR criekTapa JHraHga i CHHTETHCAHOT KOMILIEKCA yodaBa ce momepase 3a 34,95 cm™y
C=N o6nactu (2200,90 (ymrannm) — 2235,85 (xommiekc)). Ha ocHoBy cnekrapa u
ypal)eHe peHIreHcKe CTPYKTYpHE aHaIN3e 3aKJbydyjeMo J1a je JIMTaH/ KOOpIAMHOBAH 3a
Metan Ru u3 Ru-p-uumena npeko azora kao noHopckor aroma -C=N rpyre.

Kpucranorpadcku noganu: KpUCTaIHA CUCTEM - TPUKJIMHUYHH, IPOCTOPHA Tpymna P-
1 (2), a = 7,3347(5), b = 12,3344(9), ¢ = 14,6724(10) A, a = 105,117(6)°, B =
101,962(6)°, y = 97,219(6)°, V= 1230,73(16) A3, Z=2,p=1,556Mg/m’, p = 0,959 mm"
'. Konauna BpemHoct R daxTopa je 2,98% 3a 4326 HesaBucHHX peduekcuja u 316
napamerapa.

Cnuka 1. Acumerpuuna jemunnna [Ru(;°-p-cimen)Cly(5-PhAPYyCN-ITZ)] kommzekca

Baxsamyjemo ce Melhynapoonoj Yuuju 3a Kpucmanoepagujy (IUCr) na 0odemenoj
cmunenouju 3a yuwhe na XXV Kongepenyuju Cpnckoe kpucmanoepagcroe opyumaa.

[1] C. A. Vock, C. Scolaro, A. D. Phillips, R. Scopelliti, G. Savaand P. J. Dyson,
Journal of Medicinal Chemistry 49 (2006) 5552-5561.
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SYNTHESIS, CHARACTERIZATION AND CRYSTAL
STRUCTURE OF COMPLEX
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“Department of Chemistry, Faculty of Science, University of Kragujevac, Radoja
Domanoviéa 12, 34000 Kragujevac, Republic of Serbia; "Faculty of Sciences, University
of Novi Sad, Trg Dositeja Obradovica 3, 21000 Novi Sad, Republic of Serbia

e-mail: maja.djukic@kg.ac.rs

This paper describes the synthesis, characterization and crystal structure of the complex
Ru(Il) with 5-(phenylamino)-3-pyrrolidin-1-ylisothiazole-4-carbonitrile (5-PhAPyCN-
ITZ) as a ligand (Figure 1). The complex was successfully obtained in the synthesis of
[(p-cymene)RuCl,], and 5-PhAPyCN-ITZ ligand. The resulting mixture was heated to
reflux for 3 h on 100 °C in toluene [1]. The orange crystals were obtained from the
mixture of ethylacetate and methanol. Characterization of the complex was performed by
IR, '"HNMR, CNMR and X-ray analysis. Comparing the IR spectra of ligand and
obtained complex it was observed the shift of 34.95 cm™ in the region of the C=N
stretching modes (2200.90 (L) — 2235.85 (C)). On the basis of the spectra and X-ray
results we concluded that the ligand is coordinated to the Ru metal from Ru-p-cymene
via nitrogen as the donor atom of -C=N group.

Crystal data: triclinic, space group P-1 (2), a = 7.3347(5), b = 12.3344(9),c =
14.6724(10) A, 0. = 105.117(6)°, B = 101.962(6)°, y = 97.219(6)°, V' = 1230.73(16) A3, Z
=2, p=1.556 Mg/m’, = 0.959 mm™'. The final R factor is 2.98% for 4326 independent
reflections and 316 parameters.

Figure 1. The asymmetric unit of [Ru(;®-p-cymene)Cl,(5-PhAPYCN-ITZ)] complex

The authors are thankful to International Union of Crystallography (IUCr) at the
awarded scholarship for the XXV Conference of the Serbian Crystallographic Society.

[1] C. A. Vock, C. Scolaro, A. D. Phillips, R. Scopelliti, G. Savaand P. J. Dyson,Journal
of Medicinal Chemistry 49 (2006) 5552-5561.
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CHUHTE3A U KAPAKTEPU3ALIUJA HHKJIY3UOHOT
KOMILIEKCA AIETAJI IUKOHUHA 1
B-IIUKJIOJIEKCTPUHA

M. Bykuh®, H. Byxosuh?, B. Temesuh®, I'. Kpcruh®, I1. Byauh"

“Ipupoono-mamemamuuxu  axyrimem, Yuueepsumem y Kpaeyjesyy, Paooja
Jomanosuha 12 34000 Kpacyjesay, Cpbuja; "Xemujcku axynmem, Yuusepsumem y
Feoepaoy, Cmyodenmcku mpe 12-16, 11000 Beoepad, Cpbuja; “Pydapcko-eeonowxu
Gaxyimem, Yuusepzumem y beoepaody, Bywuna 7, 11000 beoepao, Cpouja
e-mail:milena.vukic@kg.ac.rs

Y oBOM palxy mNpuKa3aHa je CHHTe3a, CIIEKTPOCKOIICKa M KpucTaiorpadcka
KapakTepHu3aluja HHKIY3MOHOT KOMILUIEKCa W30JI0BAHOT MPUPOIHOT MPOM3BOAA alleTHIT
mmkonnHa (AcSh) u B-uuknonexkcrpuna (B-CD). 3a cunredy AcSh/B-CD kopuuihena je
MOIU(HUKOBaHA METOJa KOMpEeUunuTanje y cucrtemy Boma:meraHon [1]. IIpumenom
UV/VIS, FT-IR u NMR crniekTpockomnuje, ka0 ¥ peHAreHCKOM AU(GPaKLUjOM Ha Mpaxy
(XRPD) ananu3upaH je CHHTETHCAaHM WHKIY3MOHHM KoMmiuiekc. CkeHupajyhom
eJIEKTPOHCKOM MuKpockonujoM (SEM) wucnutuBana je wmopdoioruja mo0HjeHux
yectuna. Y mnopehemy ca UV/VIS cnekrpom AcSh, xoHcTaTOoBaHO je 0aToXpoMHO
noMepame CBUX alCopHIMOHMX MakcuMyMa y criektpy AcSh/B-CD. IMopehewmem FT-IR
cnektapa AcSh u AcSh unkopmopupanor y mosekyn B-CD youeHo je ciabibeme
MHTEH3HUTETa Tpake o] BajeHroHe Bubpamuje C=0 Bese, y3 HCTOBPEMEHO IIOMEpame Ha
Behy Bpeasoct TamacHor Opoja (12 cm™). Ha OCHOBY HpoMeHe CHEKTPOCKOICKHX
0ocoOMHA W KapaKTepPUCTHYHUX AHU(PpaKTOrpamMa TOCT MOJIEKyJa aleTH IIHMKOHHUHA Y
OITHOCY Ha CIIOOOIHU aleTHII MUKOHIH, MOXE C€ 3aKJbYUUTH 14 je T0OHjeH HHKITY3HOHH
koMminiekc (Cuka 1).

AcSh

S —

’ \ M
e ‘ | |
5 10 15 20
u 201

(a) (6)
Cruxka 1. Illemarcku npuka3 AcSh/B-CD nHKITy3nOHOT KOMIUIeKca (a) 1
karakrepuctiaar XRPD 3a AcSh, 3-CD u AcSh/B-CD (6)

B-CD

i

Intensity [a.u.]

[1] M. L. Calabro, S. Tommasini, P. Donato, D. Raneri, R. Stancanelli, P. Ficarra, R.
Ficarra, C. Costa, S. Catania, C. Rustichelli, G. and Gamberini, Journal of
Pharmaceutical and Biomedical Analysis 35 (2004) 365-377.
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SYNTHESIS AND CHARACTERIZATION OF INCLUSION
COMPLEX OF ACETYL SHIKONIN AND B-CYCLODEXTRIN

M. Vukié®, N. Vukovié®, V. Tefevié®, G. Krsti¢®, P. Vuli¢

“Department of Chemistry, Faculty of Science, University of Kragujevac, Radoja
Domanoviéa 12, 34000 Kragujevac, Serbia; "Faculty of Chemistry, University of
Belgrade, Studentski trg 12-16, 11000, Belgrade, Serbia;, ‘Faculty of Mining and
Geology, University of Belgrade, Djusina 7, 11000 Belgrade, Serbia

e-mail: milena.vukic@kg.ac.rs

This paper describes a methodology of preparation, as well as spectroscopic and
crystallographic characterization of inclusion complex synthesised from isolated natural
product acetyl shikonin (AcSh) and B-cyclodextrin (B-CD). By using a modified method
of coprecipitation in a system of water:methanol=1:1, the synthesis of AcSh/B-CD was
performed [1]. The inclusion complex was characterized by UV/VIS, FT-IR and NMR
spectroscopy, as well as by X-ray powder diffraction (XRPD). Scanning electron
microscopy (SEM) was used to study particle morphology. In comparison to UV/VIS
spectrum of AcSh, bathochromic shifts of all absorption maxima in spectrum of AcSh/p-
CD were found. Comparing the FT-IR spectra of AcSh andAcSh incorporated into
molecule of B-CD, decrease of intensity of stretching vibration of C=0 band was
observed, as well as shifting to higher value of wave number (12 cm™). On the basis of
these spectra and characteristic X-ray powder patterns of acetyl shikonin guest molecule
and free acetyl shikonin, we concluded that inclusion complex was formed (Figure 1).

AcSh

é 5 W & 3
20077

(a) (b)
Figure 1. Proposed schematic representation of AcSh/B-CD inclusion complex (a) and
characteristic XRPD for AcSh, -CD and AcSh/B-CD (b)
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[1] M. L. Calabro, S. Tommasini, P. Donato, D. Raneri, R. Stancanelli, P. Ficarra, R.
Ficarra, C. Costa, S. Catania, C. Rustichelli, G. and Gamberini, Journal of
Pharmaceutical and Biomedical Analysis 35 (2004) 365-377.
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RENDGENSKA STRUKTURNA ANALIZA 1 KOMPJUTERSKA
STUDIJA BIOLOSKI AKTIVNIH DERIVATA ANDROST-5-ENA

O. R. Klisuri¢®, S. Armakovi¢ % S. J. Armakovi¢ ”, S. Lj. Vrbaski ?, I. Kuzminac”,
D. S. Jakimov , S. S. Jovanovi¢ Santa ”

“Univerzitet u Novom Sadu Prirodno-matematicki fakultet, Departman za fiziku, Trg
Dositeja Obradoviéa 4, Novi Sad, Srbija; bUniverzitet u Novom SaduPrirodno-
matematicki fakultet, Departman za hemiju, biohemiju i zastitu Zivotne sredine, Trg
Dositeja Obradoviéa 3, Novi Sad, Srbija; “Univerzitet u Novom Sadu Medicinski
fakultet, Institut za onkologiju Vojvodine, Put Dr Goldmana 4, 21204 Sremska
Kamenica, Serbia. e-mail: olivera.klisuric@df.uns.ac.rs

Kao nastavak istrazivanja potencijala modifikovanih steroida u razvoju lekova, u ovom
radu predstavljamo kristalnu strukturu, kompjutersku analizu u okvirima teorije
funkcionala gustine (engl. density functional theory, DFT) i molekulske dinamike (engl.
molecular dynamics MD) i citotoksi¢nu aktivnost za dva derivata androst-5-ena: 3-
hidroksi-16-hidroksiimino-androst-5-en-17-on (1) i 3,17p-dihidroksi-16-hidroksiimino-
androst-5-en (2) [1].

Kristalna struktura jedinjenja 1 (C;9H,;NOs)je reSena u monoklini¢nom kristalografskom
sistemu, prostorna grupa P2, sa parametrima jedini¢ne elemetarne celije: a =6,5765 (2),
b =11,8744 (5),c = 28,036 (1) A, f= 91,975 (3)°, V = 2188,09 (1H)A°, Z=4 i R
faktorom 5,0% za 7659 nezavisnih refleksija i 435 parametara. Asimetricna jedinica
jedinjenja 1 sastoji se od dva simetrijski nezavisna C;9H,;NO; molekula povezana
vodoni¢nom O-H...O vezom izmedu 3p-hidroksi i 16-hidroksiimino grupa svakog
molekula, pa ovaj sistem vodoni¢nih veza daje gustu mrezu koja molekule jedinjenja 1
povezuje u spiralne nizove duz b-ose u formi ,,glava za rep”.

Kristalna struktura jedinjenja 2 (C;9H33NOs) je reSena u rombi¢nom kristalografskom
sistemu, prostorna grupa P2,2,2;, sa parametrima jedinicne celije: a = 8,2135(4),
b =9,2830(4), c = 24,8432(14) A, V= 1894,19(16) A*, Z = 4 i R faktorom 4,5% za 3265
nezavisnih refleksija i 276 parametara. Asimetri¢na jedinica jedinjenja 2 sastoji se od
jednog Ci9H,gNO; molekula i dva molekula vode koja su sa C;9H,)NO; molekulom
preko 3B-hidroksi i 16-hidroksiimino grupa povezani O-H...O vodoni¢nim vezama.
Prisutni molekuli vode formiraju gustu mrezu O-H...O i O-H...N vodonic¢nih veza, te se
kristalno pakovanje jedinjenja 2 bazira na ovim interakcijama.

Lokalna reaktivna svojstva ispitivanih jedinjenja analizirana su na osnovu povrsi
molekulskog elektrostatiCkog potencijala i srednje lokalne energije jonizacije. Rezultati
DFT proracuna energije disocijacije veze za apstrakciju vodonika odredili su delove
molekula koji su podlozni oksidaciji. Pored toga, rezultati MD simulacija su ukazali na
delove molekula sa znacajnim interakcijama sa vodom. Kombinacijom MD simulacija i
DFT proracuna ispitane su intra- i intermolekulske nekovalentne interakcije.

Rezultati in vitro ispitivanja antiproliferativne aktivnosti modifikovanih steroida 1 i1 2 na
¢elijskim linijjama humanih kancera reproduktivnih tkiva, kolona i plu¢a pokazala su da
oba jedinjenja znacajno smanjuju proliferaciju celija estrogen hormon-nezavisnog
adenokarcinoma dojke (MDA-MB-231linija), dok jedinjenje 2 takode smanjuje
proliferaciju estrogen hormon-zavisnih MCF-7 ¢elija i karcinoma plu¢a A549 linije. Ni
jedno jedinjenje ne smanjuje proliferaciju normalnih fibroblasta plu¢a (MRC-5 linija),
$to govori o njihovoj selektivnosti.

[1] Penov Gasi et al. Acta Period. Technol. (2000) 31:675-683
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X-RAY CRYSTALLOGRAPHIC AND COMPUTATIONAL STUDY
OF BIOLOGICALY ACTIVE ANDROST-5-ENE DERIVATIVES

O. R. Klisuri¢®, S. Armakovi¢ % S. J. Armakovi¢ ”, S. Lj. Vrbaski ?, I. Kuzminac”,
D. S. Jakimov , S. S. Jovanovi¢ Santa ”

“University of Novi SadFaculty of Sciences, Department of Physics, Trg Dositeja
Obradovica 4, Novi Sad, Serbia; bUm'versity of Novi Sad Faculty of Sciences,
Department of Chemistry, Biochemistry and Environmental Protection, Trg Dositeja
Obradovica 3, Novi Sad, Serbia,; University of Novi Sad Faculty of Medicine, Oncology
Institute of Vojvodina, Put Dr Goldmana 4, 21204 Sremska Kamenica, Serbia

e-mail: olivera.klisuric@df.uns.ac.rs

Continuing our research on modified steroids as potential therapeutics, we present
crystal structure, computational analysis by density functional theory (DFT) calculations
and molecular dynamics (MD) simulations, as well as the cytotoxic activity of two
androst-5-ene derivatives, namely 3B-hydroxy-16-hydroxyimino-androst-5-en-17-one
(1) and 3p,17B-dihydroxy-16-hydroxyimino-androst-5-en (2) [1].

The structure of the compound 1(C,9H»7;NO3) was determined in the monoclinic space
group P2, with unit cell parameters: a =6.5765 (2), b =11.8744 (5), ¢ = 28.036 (1)A,
£ =91.975 (3)°, V = 2188.09 (14) A’>, Z =4 and R = 5.0% for 7659 independent
reflections and 435 parameters.The asymmetric unit of compound 1 consists of two
symmetrically indpendent C,oH,,NO; molecules connected by O-H...O hydrogen bonds
between 3B-hydroxy and 16-hydroxyimino groups of each molecule. These hydrogen-
bonding interactions lead to infinite spiral chains of “head-to-tail” connected molecules
parallel to b axis.

The structure of the compound 2 (C;yH33NOs) was determined in the orthorombic space
group P2,2,2,, with the unit cell parameters: ¢ = 8.5809(2), b = 13.8675(6),c =
17.2854(3) A, V'=12056.89(11) A’, Z = 4 andR= 4.5% for 3265 independent reflections
and 276 parameters.The asymmetric unit of compound 2 consists of one C;oH;3NOs5
molecule connected with two water molecules by O-H...O hydrogen bonds. Mainly due
to water molecules, the crystal packing of compound 2 is predominantly organized by a
dense network of O-H...O and O-H...N hydrogen bonds.

Local reactive properties of investigated compounds were studied by surface analysis of
molecular electrostatic potential and average local ionization energy. Results of DFT
bond dissociation energies calculations for hydrogen abstraction identified the molecular
sites sensitive towards the oxidation. Moreover, MD simulations indicated the molecular
sites with significant water interactions. Both MD simulations and DFT calculations
were used to study intra- and intermolecular noncovalent interactions. Computational
analysis of drug-likeness parameters and molecular docking were used for the evaluation
of the pharmaceutical potential of new androstene derivatives.

Antiproliferative activity of modified steroids 1 and 2 was tested in vitro against human
cancer cell lines of colon, lung and reproductive tissues. Both compounds significantly
reduce the proliferation of hormone-independent breast adenocarcinoma cells (MDA-
MB-231 line), while compound 2 also reduces proliferation of estrogen hormone-
dependent MCF-7 cells and lung cancer (A549 line). Neither compound 1 nor compound
2 reduces the proliferation of normal lung fibroblasts (MRC-5 lines), thus indicating the
selectivity of both compounds.

[1] Penov Gasi et al. Acta Period. Technol. (2000) 31:675-683

25™ Conference of the Serbian Crystallographic Society



54 [TocTepcka caomTema

KOOPAUHALIMOHMU ITOJIMMEP KOJU CAJIPKHU
TETPAHYKJIEAPHE KOMIIVIEKCE BAKPA CA
OKCUMATHHUM MOCTOBUMA

3. /I. Tomuh, M. Mupkosuh

Hnuemumym 3a naykneapue wayke ,, BUHYA®; Yuueepsumem y beoepady, Beoepao,
Cpbuja
e-mail: zorant@vin.bg.ac.rs

Peaknujom mumMuHO-IHokcuMa (4,8-muaza-3,6,6,9-terpameTminyHaekan-3,8-muen-2, 10-
JTMOH IMOKCHM) ca 0aKap-aleTaToM U HaTPHjyM-TIEPXJIOPAaTOM Y METaHOITY, JOOUBEH je
TeTpaHyKJIeapHH KOMIUIEKC y KOME Cy aTOMH 0aKpa IOBe3aHH OKCUMAaTHUM MocToM (Ci1.
1). KoMrutiekc KpucTajuiie y OpOCTOPHO] rpynu P2; ca 4eTHpu NepxXJopaTHa aHjoHa.
CBa ueTupy atoma 0akpa cy KOOpAWHOBAHA ca TPH aTOMa a30Ta U3 OPTaHCKOT JHMIaH[a,
ali HEeMajy CBH HCTY KOOpAMHAIMOHY cdepy. J[Ba aroma Oakpa Cy H0AaTHO
KOOpJMHOBaHA ca JBa KHCEOHHMKa W3 OKCHMa M JeJIHUM M3 IepxJiopaTHor aHjoHa. Kon
Tpeher atoma Oakpa KOOpAWMHALMOHa cdepa ce KOMIUIETHpPA ca JiBa KHCEOHHKa H3
OKCHMa M KHCEOHMKOM H3 Boje. UeTBpTH atoM Oakpa ce Hajasd y KBaJpaTHO-
MHPaMUAATHOM OKPYXKemY, Koje ce popMHUpa T0AaTHOM KOOPIMHAIN]OM J[Ba KHCEOHHKA
n3 okcuma. Hajkpahe pactojame n3mel)y aroma Gakpa moBe3aHHX OKCHMAaTHHM MOCTOM
usHocH 3.464 A. Cycennu TerpanykieapHH KOMILIEKCH cy Mel)ycOOHO MOBE3aHM TIPEKO
NEepXJIOPaTHUX aHjOHa, M TaKO C€ IPagd KOOPIWHALMOHHM NONUMEp HykK oce a. Y
obmactu m3ely oBako (opMHpaHHX MOJEKYJCKHX JlaHAala Haja3e ce MepXJIOPaTHH
aHjOHH Ca jaKo U3paKeHOM HeypeljeHorhy.

f\T\?@ jf
b yiss

E}{

Cmuka 1: Ilpuka3 TeTpaHyKJIeapHOI KOMIUIEKCa Ha KOME Cy TaMHHM JIMHHjama
o0enexxeHn OKCHMaTHH MOCTOBH KOjH ITOBE3Yjy aTroma Oakpa.
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COORDINATION POLYMER CONTAINING
TETRANUCLEAR COPPER COMPLEXES WITH OXIMATO
BRIDGES

Z.D. Tomié, M. Mirkovi¢

Institute of Nuclear Sciences “VINCA”, University of Belgrade, Belgrade, Serbia
e-mail: zorant@vin.bg.ac.rs

In the reaction of 4,8-diaza-3,6,6,9-tetramethyl decane-3,8-diene-2,10-dione dioxime
(diimino-dioxime) with copper acetate and natrium perchlorate, in methanol, tetranuclear
complex with oximato bridges between the copper atoms was obtained.The complex
crystallizes in the monoclinic space group P2;with four perchlorato anions. All copper
atoms in the tetranuclear frame are coordinated by the three N atoms from the organic
ligand, however the remaining coordination sites are not equaly populated. Two copper
atoms are additionally coordinated by the two oxime oxygens and perchlorate anion.
Coordination sphere of the third copper is completed by the two oxime oxygens and
water oxygen. The fourth copper is in a square-pyramidal coordination completed by the
two oxime oxygens. Closest separation between the oxime bridged copper atoms in the
tetranuclear frame is 3.464 A.

Neighbouring tetranuclear complexes are linked by perchlorate anions (Fig. 1). Chain
of molecules formed by Cu...(ClO,) interactions extends into direction of the a axis.
Region between the chains is populated by the disordred perchlorate anions and
molecules of water. Due to the nature of the disorder, severe restraints were aplied
during refinement.

Figure 1: Neighbouring complex moieties linked by the prechlorate anion. This
arrangment extends into the polymeric chain. Cu atoms are depicted with black circles.
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MOLEKULSKA 1 KRISTALNA STRUKTURA KOMPLEKSA
PddlI) I Pt(IT) SA TIOMORFOLIN-4-KARBONITRILOM

T. R. Todorovié’, G. Janji¢®, P. Risti¢*, M. V. Rodi¢‘, N. R. Filipovi¢!

“ Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 12-16, Beograd:” IHTM —
Centar za hemiju, Univerzitet u Beogradu, NjegoSeva 6, Beograd; Deparmtan za
hemiju, PMF, Univerzitet u Novom Sadu, Trg Dositeja Obradovi¢a 4, Novi Sad; d
Poljoprivredni fakultet, Univerzitet u Beogradu, Nemanjina 6, Beograd

e-mail: tamarat@chem.bg.ac.rs

U ovom radu je opisana sinteza i kristalna struktura trans-[MCl,L,] kompleksa

[M = Pd(II) i Pt(II)] sa N-karbonitril-supstituisanim tiomorfolinskim ligandom (L). Oba

kompleksa kristaliSu u monokliniénom kristalnom sistemu, ali u razli¢itoj prostornoj

grupi (Pt: 12/a 1 Pd: P2,/c). Kompleksi su centrosimetri¢ni; metalni joni se nalaze u

specijalnom polozaju sa simetrijom —1 (Vikofova oznaka a za Pt i d za Pd kompleks).

Stoga se asimetricna jedinica dobijenih trans izomera oba kompleksa sastoji od

metalnog centra, tiomorfolinskog liganda koordinovanog preko atoma sumpora i jednog

hloridnog jona (Slika 1). Ovakav nacin koordinacije je drugaciji u odnosu na nacin
koordinacije nesupstituisanog tiomorfolina, koji preferira vezivanje preko atoma azota.

U kompleksu [PdCL,L;], M-S veza se

nalazi u ekvatorijalnom polozaju, dok

& & < se u [PtCLL,] kompleksu ista veza

Q\% % /Q); nalazi u aksijalnom polozaju (Slika 2).

“ Kvantno-hemijski proracuni predvi-

%/ b/ Pﬂ daju da je koordinacija atoma sumpora

.%%\@ u  aksijalnom  polozaju  blago

- © favorizovana u odnosu na koordi-

naciju u ekvatorijalnom polozaju, dok

o koordinacija preko atoma azota

Q\G\OH P H karbonitrilne grupe nije termodi-

nami¢ki povoljna. Proracuni su

w P ukazali na to da su interakcije

T e T 2., W% kompleksa sa okolinom (kristalno

pakovanje) odgovorne za razlike u

Slika 1. ORTEP prikaz molekulske strukture konformacijama. ~ Usled  nedostatka

kompleksa: (A) PtIl) i (B) Pd(II). klagléf.‘ih d°“°raCH ” .ai‘cell’;“’fa
Figure 1. ORTEP drawing of molecular vodomene  veze, interakeie

structure  of: (A) Pt(l) i (B) Pd(I). znacajno doprinose §tab11nost1
i=l-x,1-p,1-zii=l-x,—y 1-z. struktura, ne samo kroz intermole-

kulske, ve¢ i kroz intramolekulske
kontakte. JaCina ovih interakcija se krece do 3 kcal/mol, §to je reda veli¢ine n—n
aromati¢nih interakcija molekula benzena.
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MOLECULAR AND CRYSTAL STRUCTURES OF Pd(II)
AND Pt(II) COMPLEXES WITH THIOMORPHOLINE-4-
CARBONITRILE

T. R. Todorovié’, G. Janji¢®, P. Risti¢*, M.V. Rodi¢‘, N.R. Filipovi¢*

“ Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade;" IHTM —
Center of Chemistry, University of Belgrade, NjegoSeva 6, Belgrade;“ Department of
Chemistry, Faculty of Sciences, University of Novi Sad, Trg Dositeja Obradoviéa 4,
Novi Sad; * Faculty of Agriculture, University of Belgrade, Nemanjina 6, Belgrade
e-mail: tamarat@chem.bg.ac.rs

Synthesis and structural characterization of trans-[MCLL,] complexes [M = Pd(Il) and
Pt(II)] with N-carbonitrile-substituted thiomorpholine ligand (L) are reported. Both
complexes crystallize in monoclinic crystal system, but in different space groups (Pt:
I2/a and Pd: P2,/c). The complexes are centrosymmetric, with metal ions residing on a
special position with site symmetry —1 (Wyckoff letter a for Ptcomplexand d for Pd
complex). Thus, asymmetric units of obtained trans isomers consist of a metal center,
one thiomorpholine ligand coordinated via S atom and one chloride ion (Figure 1). This
mode of coordination is in contrast to the coordination mode of unsubstituted
thiomorpholine which prefers bonding via N atom.
In [PACL,L,] the M-S bond is in
/ equatorial  position, while in
/ < [PtCL,L,] this bond is in axial
position (Figure 2). Quantum-
/ / chemical calculations predict that
the coordination of S atoms in an
axial position is slightly favorable
than coordination inan equatorial
position, while the coordination
via N atom of carbonitrile group is
thermodynamically  unfavorable.
The calculations indicated that interactions of these complexes with the environment
(crystal packing) are responsible for the conformation of M-S bonds in molecular
structures. Due to the absence of conventional hydrogen bond donors and acceptors,
CH/M interactions contribute greatly to the stability of the structures, not only through
intramolecular, but also through intermolecular contacts. The strengths of these
interactions have values up to 3 kcal/mol, which is in the order of magnitude of m—=
aromatic interactions of the benzene molecule.

Figure 2. Overlay of molecular structures of Pt
(light gray) and Pd (dark gray) complexes.
Slika 2. Preklop molekulskih struktura
kompleksa Pt (svetlo siva) i Pd (tamno siva).
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SINTEZA I KRISTALNA STRUKTURA
[{Cu(M-H,L)(NCS)},](NCS),-2MeOH
(H,L = S-METILIZOTIOSEMIKARBAZON PIRIDOKSALA)

M. V. Rodi¢ % S. Beloevi¢ ”, M. M. Radanovié?, V. M. Leovac

* Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg D. Obradoviéa 3, 21000
Novi Sad, Srbija; ” Fakultet tehnickih nauka, Univerzitet u Pristini sa privremenim
sedistem u Kosovskoj Mitrovici, Knjaza Milosa 7, 38220 Kosovska Mitrovica, Srbija
e-mail: marko.rodic@dh.uns.ac.rs

Sa  S-metilizotiosemikarbazonom piridoksala(H,L), koji je prvi put dobijen 2002,
do sada je sintetizovan i proucen veci broj kompleksa razli¢itih metala. U svim do sada
sintetizovanim kompleksima nadeno je da se ovaj ligand koordinuje tridentatno i to
preko fenoksidnog atoma kiseonika piridoksala 1 terminalnih atoma azota
izotiosemikarbazidnog ostatka. U naslovljenom kompleksu se ovaj ligand koordinuje
u-O:N; tetradentatno, a na racun koordinacije, osim pomenutih ligatora, i atoma
kiseonika hidroksimetil grupe u ulozi mosta. Jedinjenje je dobijeno reakcijom
metanolnih rastvora Cu(NOs),-3H,0 i H,L u prisustvu NH4;NCS.

Kristalna struktura se sastoji od dobro definisanih centrosimetricnog kompleksnog
katjona [ {Cu(pu-H,L)(NCS)},]*", tiocijanatnog jona i molekula metanola (slika 1). Atom
bakra je penta-koordinovan p-O,N, tetradentatnim H,L i jednim tiocijanatnim jonom.
Koordinacioni poliedar je blago deformisana kvadratna piramida (zs= 0,18). Bazalnu
ravan Cine fenoksidni atom kiseonika i izotioamidni i azometinski atom azota organskog
liganda, kao i atom azota tiocijanatnog jona. Apikalno mesto zauzima atom kiseonika
hidroksimetil grupe helatnog liganda iz susedne subjedinice dimera. Duzine metal—
ligand veza su u opsegu 1,9163(14)-2,4706(16) A.

Kristalografski podaci: C,sH36Cu,N[,06Ss, trikliniéni kristalni sistem, PT prostorna
grupa, a = 8,7640(5) A, b=9,4490(6) A, c=122731(5) A, a = 82,134(4)°,
S =83,863(4)°, y=75,190(5)°, V'=970,59(10) A’, Z=1, 10369 izmerenih refleksija,
3950 nezavisnih refleksija, Ry, = 0,016, (sinf/A)max = 0, 625, 252 utanjavana parametra,
R[F*> 20(F*)] = 0,029, wR(F?) = 0,073, S = 1,05.

Slika 1. Molekulska struktura
[{Cu(u-H,L)(NCS)},](NCS), 2MeOH

Zahvalnica. M. Rodi¢ i M. Radanovi¢ se zahvaljuju Internacionalnoj uniji za
kristalografiju (IUCr) na dodeljenim finansijskim sredstvima za u¢es¢e na Konferenciji.
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A great number of complexes with different metals is known with pyridoxal
S-methylisothiosemicarbazone(H,L), synthesis of which is performed in 2002 for the
first time. In all hitherto synthesized complexes, it was found that this ligand is
coordinated as a tridentate, through the phenoxide oxygen atom of the pyridoxal moiety
and terminal nitrogen atoms of the isothiosemicarbazide moiety. In the title complex,
this ligand is coordinated as the u-O:N; tetradentate, additionally using hydroxymethyl
oxygen atom as a bridge. The compound is obtained by reaction of methanolic solutions
of Cu(NOs), 3H,0 and H,L in the presence of NH,;NCS.

The crystal structure of the complex consists of well-separated centrosymmetric
complex cations [{Cu(u-H,L)(NCS)},]*, thiocyanate ions and methanol molecules
(Fig. 1) Copper atom is five-coordinated by p-O,N,tetradentate H,L. and one thiocyanate
ion. Coordination polyhedron is a slightly distorted square pyramid, with 75=0.18. The
basal plane of the square pyramid consists of organic ligand’s phenoxide oxygen atom,
azomethine, and isothioamide nitrogen atoms, as well as nitrogen atom of the
thiocyanate ion. The apical site is occupied by the hydroxymethyl oxygen atom of the
chelate ligand from the inversion-related subunit. The metal-ligand bond lengths are in
the range 1.9163(14)-2.4706(16) A.

Crystallographic data: CysHssCu,N,04Ss, triclinic crystal system, PIT space
group, a = 8.7640(5) A, b =9.4490(6) A, c=122731(5) A, a=82.134(4)°,
S =183.863(4)%,y =75.190(5)°, V'=970.59(10) A’, Z=1, 10369 measured reflections,
3950 independent reflections, Ri,; = 0.016, (sinf/A)m.x = 0.625, 252 refined parameters,
R[F*> 20(F*)] = 0.029, wR(F?) = 0.073, S = 1.05.

Figure 1. Molecular structure of
[{Cu(u-H,L)(NCS)},](NCS),-2MeOH

Acknowledgment. M. Rodi¢ and M. Radanovi¢ are grateful to the IUCr for financial
support for attending the Conference.
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U ovom radu su opisane sinteza, kristalna struktura, kompjuterska analiza u okvirima
teorije funkcionala gustine (emgl. density functional theory, DFT) i antimikrobna
aktivnost ternarnog kompleksa {Ag(H,SSA)(L1)}, (1), gde je H3SSA = 5-sulfosalicilna
kiselina, a L1 = tiomorfolin-4-karbonitril.

Struktura jedinjenja 1 je najpre reSena
u prostornoj grupi P2i/c (I) sa
parametrima elementarne celije: a
=12,8066(4), b =8,7191(3),
c = 17,3787(5A, B = 129,951(2)° i
finalnim R faktorom 2,2% za 5109
nezavisnih refleksija i 216 parametara.
Aot x J Kako velika vrednost ugla £ moze
o povecati korelaciju parametara u
odnosu na a i ¢ osu, a tako
utacnjavanje uciniti manje stabilnim
[1], ista struktura je zatim konacno
reSena u prostornoj grupi P2;/n (II) sa parametrima a =12,8066(4), b =8,7191(3), ¢ =
13,4239(6) A, = 97,048(3)°i finalnim R faktorom 2,2% za 5109 nezavisnih refleksija i
216 parametara. Uporedivanjem (I) i (II) utvrdena je znacajna razlika u korelacijama
parametara, te je najveéa vrednost korelacije u (I) izmedu U13(S1) i U11(S1) i iznosi
0,824, dok ta ista korelacija u (II) ima vrednost —0,102.

Asimetri¢na jedinica jedinjenja 1 se sastoji od Ag(I) jona i po jednog H,SSA™ i L1
liganda (Slika 1). Za Ag(I) su koordinovana dva sulfonatna atoma kiseonika (O1 i 02'; i
= 1—x, -y, 1) iz dva razli¢ita H;SSA liganda, kao i atom azota N1 i atom S17 (ii = x,
1+y, z) iz dva razli¢ita L1 liganda. Geometrija oko svakog Ag(I) jona je distorgovana
klackalica (t4 = 0,76) [2]. H3SSA je koordinovan mono-bidentatno, dok je Ll
koordinovan bis-monodentatno. Na ovaj nacin nastaje centrosimetri¢ni dvostruki 1-D
lanac paralelan b-osi. Kristalno pakovanje se bazira na H-interakcijama.

Na osnovu analize povrSi molekulskog elektrostatickog potencijala, srednje lokalne
energije jonizacije i Fukui indeksa, odredena su najreaktivnija mesta ispitivanog
molekula. Pored toga, rezultati DFT proracuna su omogucili i analizu intermolekulskih
nekovalentnih interakcija.

U poredenju sa amikacinom, jedinjenje 1 nije pokazalo znacajniju antimikrobnu
aktivnost pri testiranju na osam sojeva bakterija i tri soja gljivica.

Slika 1./ Figure 1. Asimetri¢na jedinica
kompleksa 1 / Assymetric unit of 1. i = 1—x,
v, l—z;ii=x, 14y, z;iii=x,y -1, z.
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In this work we present synthesis, crystal structure, computational density functional
theory (DFT) analysis and antimicrobial activity of ternary complex {Ag(H,SSA)(L1)},
(1), where H3SSA = 5-sulfosalicylic acid and L1 = thiomorpholine-4-carbonitrile.

The structure of 1 was initially determined in the monoclinic space group P2,/c (I) with
unit cell parameters a =12.8066(4), b =8.7191(3), ¢ = 17.3787(5)A, f=129.951(2)° and
R= 2.2% for 5109 independent reflections and 216 parameters. However, as the
refinement in an oblique cell might yield considerable correlations between certain
parameters, it may prove unstable for large molecules [1]. For a £ angle that differs
substantially from 90°, parameters in question are related to a- and c-axes. Regarding
this, the structure of compound 1 was re-determined in the space group P2,/n (I1I) with
unit cell parameters: a =12.8066(4), b =8.7191(3), ¢ = 13.4239(6) A, f=97.048(3)° and
R=2.2% for 5109 independent reflections and 216 parameters. The comparison of (I)
and (II) revealed disparity in magnitudes of the correlations between individual
components of the ADPs. For instance, while the largest correlation in (I) is 0.824
between parameters U13(S1) and U11(S1), the value of the same correlation in (II) is —
0.102.

The asymmetric unit of 1 consists of a single Ag(I) ion and two ligands - H,SSA™ and L1
(Figure 1). Two sulfonate oxygen atoms (O1 and 02%i = 1—x, —y, 1-z) from two
different H;SSA ligands are coordinated to Ag(I), as well as the nitrogen N1 and the
sulfur atom S1” (ii = x, 1+, z) from two different L1 ligands. The geometry around each
Ag(l) is a distorted seesaw (14 = 0.76) [2]. Coordination mode of H3SSA is mono-
bidentate, while L1 behaves as a bis-monodentate ligand creating a centrosymmetric
double 1-D chain parallel to the »-axis. Crystal packaging is based on H-interactions.
DFT was used to identify the most important reactive sites via Fukui indices analysis
and surface analysis of both molecular electrostatic potential and average local
ionization potential. Moreover, results of DFT calculations enabled analysis of
intermolecular non-covalent interactions.

Compared to amikacin and tested against eight bacterial and three fungal strains, the
antimicrobial activity of compound 1 was not significant.

[1] Feast et al. Acta Cryst. C65 (2009) 635-638
[2] Yang et al. Dalton Trans. (2007) 955-964
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Novi kompleksi srebra(I), [AgNOs;L,], (1) i [AgClO4L,], (2), sa 2-
tiocijanatopiridinom (L) su sintetisani 1 okarakterisani difrakcijom X-zraka sa
monokristala. Kompleks 1 kristaliSe u ortorombi¢nom kristalnom sistemu, prostorna
grupa Pbca, dok 2 kristaliSe u prostornoj grupi P-1 triklini¢nog sistema. Zajedni¢ko za
oba kompleksa jeste geometrija i koordinacioni broj srebra(I), gde su dva L liganda
koordinovana za srebro preko piridinskih atoma azota. Medutim, u 1 tree i Cetvrto
koordinaciono mesto zauzimaju atomi kiseonika iz nitratnog jona. Isti atom kiseonika je
u nesimetriénom mostu koji povezuje dva atoma srebra tako da se duz kristalografske b
ose formira beskonacni 1-D lanac. Kompleks 2 je takode 1-D koordinacioni polimer gde
je perhloratni anjon koordinovan monodentatno, a ¢etvrto koordinaciono mesto zauzima
tiocijanatni atom azota iz susednog koordinovanog liganda. Glavni doprinos stabilnosti
kristalnog pakovanja kod obe strukture daju steking interakcije aromati¢nih piridinskih
prstenova liganda L.

Sintetisani kompleksi su pokazali antikancerogenu aktivnost, a neznatne razlike u
aktivnostima moguca su posledica razlika u strukturama kompleksa. Doking studija,
uradena na DNK, pokazala je da postoje i neznatne razlike u afinitetima kompleksa ka
odredenim regionima i sekvencama DNK.
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New complexes of silver(I), [AgNO;L,], (1) and [AgClO4L,], (2), with
2-thiocyanatopyridine (L) were synthesized and characterized by a single crystal X-ray
diffraction analysis. Complex 1 crystallizes in orthorhombic crystal system, space group
Pbca, while 2 crystallizes in P-1 space group of triclinic system. The common features
of both complexes are geometry and coordination number around Ag(I), where both L
ligands are coordinated via pyridine nitrogen atoms. However, in 1 third and fourth
coordination site is occupied by oxygen atoms from nitrate group. The same oxygen
atom forms unsymmetrical bridge between two Ag(l) ions, thus infinite 1-D chain is
formed along b-axis. Complex 2 also represents 1-D coordination polymer, where
perchlorate ion is coordinated monodentately, while forth coordination site is occupied
by thiocyanato nitrogen atom from neighboring L ligand. Stacking interactions between
the aromatic rings of ligand L give the main contribution in stability of crystal packing in
both structures.

The synthesized complexes showed anticancer activity. The differences in the
structures of complex may reflect the slight differences in their biological activity.
Docking studies, performed on the DNA, revealed that there is a slight difference in the
affinity of the complexes to specific regions and DNA sequences.
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TpuernenreTpaaMuHoM (feta) MOAU(GUKOBAH MaKPOIIOPO3HH yMpekeHu poli(GMA-
co-EGDMA) xononumep 3a mnorpebe yKiIamama TEUIKMX MeTaja M3 HHIPYCTPH)jCKUX
oTHajHuX Boja, u3Mmelhy ocraior, amcopOyje cienehe merane HaBeneHe Mo omanajyhem
PeoCIeny BPEAHOCTH MaKCHMATHOT COpIIMoHor Kananutera: Cu’™> Cd*™> Co*" >Ni*".
(1]

Ca usbeM Ja ce Halje OArOBOp Ha IMHTaHkE 300T Yera ce jaBibajy pasiuKe Y COPIIIHjH
WCIIUTHBAaHUX MeTajla, aHalu3MpaHe cy mnoctojehe KpucramHe CTpyKType KOMILIeKca
MeTana ca teta murananMa m3 KemOpmuke 6aze crpykrypHEX nozmaraka (CSD). 36or
yOeIUBMBO Mame 3acTyIUbEHOCTH OMHYyKJIeapHHX Komiuiekca (337), y omHOCy Ha
MoHOHYKJIeapHe (1614), Huje peaTHO OYEKUBATH J1a OMHYKIICAPHO KOOPIMHOBAIHE MOXKE
UMaTH OWTaH yTHIaj Ha BE3MBame MeTalla ca fefa JIMTAaHIOM M3 BOJEHHX pacTBOpa.
HesaBucHo ox mpupoje Merana, ¥ HaYMHA KOOpAHMHOBama (cnuka 1), Opoj cTpykTypa
MOHOHYKJIeapHuX Komiuiekca (1552) ca koopanHaTHBHOM Be3oM u3Mmel)y joHa merana u
teta MUra”ja Koja ce ocTBapyje MpeKo CBa YETHUPHU aToMa a30Ta, BULIECTPYKO je Behu y
OJTHOCY Ha OCTajle HaYMHEe KOOPIHHOBAbA.

Crpykrype mpeysere n3 CSD mociyxwie cy 3a AedUHHCame MOJEN CTPYKTypa
KOMILIeKca MeTana u teta nuranga 3a DFT npopauyne. Ilokasano ce na cy
HajcTaOWIIHUjEe CTPYKTYpE OHE KOJA KOjUX j€ feta NWTaHJ KOOPAWHOBAH 3a jOH MeTaja
IpPEeKO YEeTUPH aToMa a30Ta. Y3eBIIM y OO3Mp jaunHy KOODIMHATHBHE Be3e H
COJIBATAllMOHM edeKaT, pe3yiNTaTH IpopadyHa ce YKiIalajy ca eKCIepHMEHTAJIHUM
BPEJIHOCTUMA 32 MAKCHMAJIHH allCOPILIMOHN KallalUTeT.

trans (exBaTOpHjaTHa) cis-B cis-a koHdopMarja
xoHpopmarja KoH(opMaImja ca MOCTOBHIM fefa TNTaHIoM

Cnuxka 1. Haunnu xoopauHoBama fefanuranna, nponahern y CSD.

[1]Lj. Surucié, A. Nastovi¢, Z. Sandié, J. Markovi¢, D. Pordevi¢, Z. Vukovié, J. Mater.Sci, 42
(2007) 3326-3337.
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Macroporous cross linked poly(GMA-co-EGDMA) copolymer functionalized with
triethylenetetraamine (feta) for the purpose of removal of heavy metal ions from
industrial waste water streams, is suitable for the sorption of metal ions, listed by
decreasing maximal sorption capacity values: Cu®"> Co*">Ni*"> Cd*". [1]

In order to address the issue to the differences in sorption of the experimentally
examined metals, the crystal structures of metal complexes with teta ligands from
Cambridge Structural Database (CSD) were analyzed. Due to the smaller number of
binuclear complexes (337), in comparison to mononuclear ones (1614), it should not be
expected that the binuclear coordination might have an observable influence on metal
binding to teta ligand from an aqueous solution. Regardless of the nature of the metal,
and coordination modes of feta ligand (Figure 1), the number of mononuclear complex
structures (1552) with zeta ligand coordinated via four nitrogen ligator atoms to a metal
ion is several times higher compared to other coordination modes.

The structures obtained from CSD were used to design the model systems of metal
complexes with feta ligand for DFT calculations. The complexes with teta ligand
coordinated to metal ion via four nitrogen ligator atoms are the most stable. When the
strenght of coordination bond and solvatation effect were included, the results of
quantum-chemical calculations exhibit a strong agreement with the experimentally
determined maximal sorption capacity values.

trans (equatorial) cis-p slssoncoyjcaniaiion
P S conformation with bridging teta ligand

Figure 1. Coordination modes of feta ligand, found in CSD.

[1] Lj. Suruci¢, A. Nastovi¢, Z. Sandi¢, J. Markovi¢, D. Pordevi¢, Z. Vukovi¢, J.Mater.Sci, 42
(2007) 3326-3337.
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ITokazaHo je ma CyMIOp-CyMIIOp HWHTEpAKIHje TIOCTOje y Pa3IUIATHM
MOJICKYJICKUM CHCTeMUMa. ['€oMeTpHuje U eHepruje CyMIIOp-CyMIIOp HHTEpakiuja Cy
UCIINTUBAHEY BEJIMKO] MEPH IPUMEHOM KBaHTHOXEMHjCKHMX NpPOpadyHa M CTaTUCTHUKE
aHaJM3e TeOMETPHUjCKUX MapaMeTapa 100HjeHHX U3 KPUCTAJIHUX cTpyKTypa. HenasHo je
MOKAa3aHO Jia CyMIOP-CYMIIOp HHTEPaKiHje y KPUCTATHAM CTPYKTypaMa Majux
MoJieKyJia npedepupajy napaieiany opujentamujy [1].

VY 0BOM pajy MCIHTHBaHE Cy IeOMETpUje W EHepruje MHTepakuuja usmely
cyMmmopa W mucyiduaHe Be3e NMPUMEHOM CTaTHCTHYKE aHalIW3e Mojataka A00HjeHHX
nperpaxuBambeM KemOpuuke 0a3e CTPYKTYpHHX MOJaTaka W KBaHTHOXEMHjCKHX
npopauyHa. Pe3ynrtati aHanu3e KOHTakata y KPHCTAIHHM CTPYyKTypama IOKa3syjy Ia
CyMITOpUMa TSXKBY Ka rpaljemy OndypkoBaHHX WHTEpAKIHja ca AUCYIPHIHOM BE30M
JIOK je TeXmba Ka rpaljery JTHHeapHUX WHTEPAKIHja Mamba.

Kpucramna crpykrypa PUJRIV y kojoj moctoju 6udyprosana S-S~'S uHTEpaKuyja.

KBanTHOXEMHjCKHM NpopauyHu cy ypa)eHH Ha pazIHMYuTHM MOJET CHCTeMUMA.
Enepruje mHTEpaknujakao W reoMeTpHje Cy y CKIagy ca pe3yiTaTHMa CTaTUCTUIKE
aHanmm3e Kpucrajorpadckux moaataka. EHepruja 6udypkoBaHe MHTEpaKIHje U3HOCH -
1,54 kcal/mol, mok je nuHeapHa mHTepakiyja cradmja, -1,20 kcal/mol mzpauynato Ha
Bpio npeunzHom CCSD(T)/CBS uugoy.

W3padyHaTH eNeKTpOCTaTHYKH MOTEHIMjalu 3a MHTeparyjyhe moiekyie cy y
CarjJacHOCTH ca KPUCTAIOrPa)CKUM M KBAHTHOXEMHjCKHUM MOJaIMa.

3axBaJHUIA:

OBaj pan je moapkaH oJf CTpaHe MUHHCTAPCTBA MPOCBETE, HAYKE M TEXHOJOIIKOT
pasBoja Penybnmke Cpbuje [mpojexar 0p.72065]. U. C. AntonujeBuh ce 3axBasbyje
IUCr 3a ¢puHaHCHjCKY MOJPIIKY.

[1] I. S. Antonijevi¢, G. V. Janji¢, M. K. Mil¢ci¢, S. D. Zari¢, Cryst. Growth Des., 16
(2016) 632-639.
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CRYSTALLOGRAPHIC AND QUANTUM-CHEMICAL STUDY
OF INTERACTIONS BETWEEN SULFUR AND
DISULFIDE BOND

L S. Antonijevié*, D. Z. Veljkovi¢®, G. Sari¢®, K. Katanéevié ", S. D. Zari¢"

“ Institute of Chemistry, Technology and Metallurgy, Njegoseva 12, Belgrade, Serbia,”
University of Belgrade- Faculty of Chemistry, Studentski trg 12-16, Belgrade, Serbia;
e-mail: ivana@chem.bg.ac.rs

It has been demonstrated that sulfur—sulfur interactions exist in various
molecular systems. Geometries and energies of sulfur-sulfur interactions have been
extensively studied by quantum chemical calculations and by statistical analysis of
geometrical parameters obtained from crystal structures. Recently, it was shown that
sulfur-sulfur interactions in crystal structures of small molecules prefer parallel
orientations [1].

In this work geometries and energies of interactions between sulfur and
disulfide bond were investigated using statistical analysis of data obtained by searching
the Cambrige Structural Database (CSD) and quantum chemical calculations. Results of
analysis of contacts found in the CSD show that sulfur atom in crystal structures have
tendency towards the formation of bifurcated interaction with disulfide bond rather than
linear interaction.

Crystal structure PUJRIV containing bifurcated S-SS interaction.

Quantum chemical calculations are performed on different model systems.
Calculated interaction energies and geometries are in accordance with the results of
statistical analysis of crystalografic data. The estimated energy for bifurcated interaction
is -1.54 kcal/mol while linear interaction is weaker, -1.20 kcal/mol calculated on very
accurate CCSD(T)/CBS level.

The calculated electrostatic potentials for interacting molecules are in
agreement with both crystallographic and quantum chemical data.
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Kop pa3nnuuTux eH3uMa aKTUBHUX Ha YIJbeHHM XUApaTHMa, Kiu3ajyhu, napanenHu
CTEKMHI M3Mel)y MOHOcaxapuaHe jeIVHHUIE U aMHHOKHCEJIMHE NIPOTeHHA je BaKaH 3a
nperno3HaBame cyncTpata u (eHomen mpouecuBHoctd [1]. Ilopen xuapodoOHOT
edekTa, OHM HHTEparyjy IyTeM HCKOHBCHIIMOHATHMX BOJOHMYHUX Be3a: C-H/n
uHTepakuja [2]. HujemHa onx oOBMX HMHTEpakuuja HHje NOCEOHO YycMepeHa,
omoryhaBajyhu knn3ajyhu xapakrep. OBlie CMO CUCTEMATCKH aHAJIM3UPAIH T€OMETPH]jE
apoMaTH4YHO/caxapuIHNX KOHTakaTa HaljleHMX y Kpucrajorpadckum cCTpykTypama y
[Iporennckoj banuu Ilonaraka. Kpurepujym 3a C-H/m unTepakuuje je OMO MCTH Kao y
[3]. Ckpurnite u porpamu 3a mpeTpary Cy HallMCaHH y je3uKy Python ca xopuimhemeM
oubmmorexe MDAnalysis [4] 3a yurame PDB paroreka. Ilokaszaimm cMO ma camo

/ apOMaTHqHO/caxasz(HH koHTaktn ca C-H/m
UHTEepaKLjaMa MMajy IPETeHKHO IMapalielTH
u Kn3ajyhu kapakrep y paBHH MapajesHoj ca
apomatnyauM ~ npcreHom  (Cimka — 1).
l'eomerpuje Hucy crneuupuuHe y paBHU
rapaJieJIHoj ca apOMaTUYHUM MPCTEHOM, CaMO
MIOKa3yjy TeXbY Ka HOPMAJIHUM pacTojambiMa
usmel)y mnpcremosa oko 4 A, jok cy
XOpU30HTaHAa MoMepama y omcery 0-2 A.
AHanmza oOpasama eH3UM/CyIcTpar mokasaina
Cnuxka 1. HpI/IMep HIECTOYWIAHOT je ma ceaka apyra wmid Ttpeha jenuamia
CyTICTpaTa KOju MHTEparyje ca TpH  cyncTpara Koj AyTHX caxapuja MHTeparyje ca
apoOMaTUIHC AMUHOKHUCCIIMHC Y TYHCIY apOMaTHYHOM  aMHHOKHCEIWHOM  €H3UMa
ensuma. PDB id: 1L2A. (Cmuxka 1).

[1] H. Zhang, J. Zhang, L. Sun, X. Niu, S. Wang and Y. Shan, J. Mol. Recognit., 27
(2014) 438—447.

[2] E. Jiménez-Moreno, G. Jiménez-Osés, A. M. Gomez, A. G. Santana, F. Corzana, A.
Bastida, J. Jiménez-Barbero and J. L. Asensio, Chem. Sci., 6 (2015) 6076.

[3] K. L. Hudson, et al. Journal of the American Chemical Society, 137 (2015) 15152—
60.

[4] N. Michaud-Agrawal, E. J. Denning, T. B. Woolf, O. J. Beckstein, Comput. Chem.32
(2011) 2319-2327.

XXV Kondepennuja Cprckor kpucranorpad)ckor Ipymrea



Poster presentations 69

INTERACTIONS BETWEEN CARBOHYDRATES AND
AROMATIC AMINO ACIDS: A CRYSTALLOGRAPHIC SURVEY
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In different carbohydrate active enzymes, the sliding, parallel stacking between a
monosaccharide unit and a protein aromatic ring is important for substrate recognition
and processivity [1]. Along with the hydrophobic effect, they interact by
nonconventional hydrogen bonds: the C-H/m interactions [2]. Neither of these
interactions is highly directional, therefore enable sliding.

Here, we systematically analyze geometry of monosaccharide/aromatic amino acid
contacts found in X-ray crystallography structures, in the Protein Data Bank. The criteria
for the C-H/x interaction are the same as in [3]. Homemade scripts for the search were
written in Python with the MDAnalysis [4] python library for protein file parsing.

We showed that only the carbohydrate/aromatic contacts with C-H/z interactions are
preferentially parallel and of sliding character in the plane parallel to aromatic ring
(Figure 1).

The geometries are not specific in the
plane parallel to the aromatic ring, they
only show tendency for the normal
. distance between rings of around 4 A,
while horizontal displacement are in the
. range of 0-2 A.
The analysis of enzyme-substrate
g L patterns showed that every second or
\\\ third carbohydrate unit in long

] > ; .l substrates stacks with enzyme aromatic
Figure 1. An example of a six units long ;11100 acids (Figure 1).

carbohydrate substrate interacting with three
aromatic amino acids in the protein cleft. PDB
id: 1L2A.

[1] H. Zhang, J. Zhang, L. Sun, X. Niu, S. Wang and Y. Shan, J. Mol. Recognit., 27
(2014) 438-447.

[2] E. Jiménez-Moreno, G. Jiménez-Osés, A. M. Gomez, A. G. Santana, F. Corzana, A.
Bastida, J. Jiménez-Barbero and J. L. Asensio, Chem. Sci., 6 (2015) 6076.

[3] K. L. Hudson, et al. Journal of the American Chemical Society, 137 (2015) 15152—
60.

[4] N. Michaud-Agrawal, E. J. Denning, T. B. Woolf, O. J. Beckstein, Comput. Chem.
32 (2011)2319-2327.
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AKCEPTORSKE OSOBINE KOORDINOVANOG O ATOMA.
KRISTALOGRAFSKA I KVANTNO-HEMIJSKA STUDIJA

M. Sarvan,” M. Petkovi¢ Benazzouz,” A. Rakié,” G. Janji¢

* Fizi¢ki fakultet, Univerziteta u Beogradu, Studentski trg 12-16, 11000 Beograd, Srbija,
Fakultet za fizicku hemiju, Univerziteta u Beogradu, Studentski trg 12-16, 11000
Beograd, Srbija;

“Institut za Hemiju, Tehnologiju i Metalurgiju, Univerziteta u Beogradu, NjegosSeva 12,
Beograd, Srbija;

e-mail: miras@ff.bg.ac.rs

Ranija istrazivanja pokazala su da sposobnosti kompleksa metala za vodoni¢no
vezivanje zavisi kako od njegovog naelektrisanja, tako i od prirode i naelektrisanja jona
metala ali i liganada [1]. Pokazano je i da se koordinovanjem za jon metala povecavaju
donorske sposobnosti liganda za vodoni¢no vezivanje [2].

Akaceptorske sposobnosti karboksilne grupe hidroksiacetata (glikolata) za
vodonicno vezivanje nakon koordinovanja su ispitane na osnovu podataka dobijenih iz
kristalnih struktura i kvantno-hemijskih proracuna. Iz Kembricke baze kristalografskih
podataka izdvojene su i analizirane sve strukture u kojima koordinovani karboksilni O
atom ima ulogu akceptora vodoniéne veze. Analizirani kompleksi su neutralni, a u vecini
njih jon metala ima naelektrisanje +2 (oko 70%). Duzine veze su uglavnom krace od 3,0
A, a vrednosti ugla veze ukazuju na teznju O atoma da simultano gradi dodatane
interakcije sa vrstama iz okruZenja. Vizuelna analiza je pokazala da geometrija
vodonicne veze zavisi uveliko od jona metala i geometrije kompleksa.

Zn

EQINOI CUGLYCI1 DEYYIR DEYYEN
Stukture u kojima OH grupa glikolatnog liganda gradi vodoni¢ne veze su nesto
brojnije, sa kra¢im duzinama i izrazenijom teznjom ka linearnom vezivanju.
Kvantno-hemijski proracuni, uradeni na modelima sistema glikolatnih
kompleksa, pokazali su kako naelektrisanje komleksa, jona metala i priroda liganada

uti¢u na jac¢inu vodoni¢ne veze.

[1] G. V. Janji¢, M. D. Milosavljevi¢, D. Z. Veljkovi¢, S. D. Zari¢, Phys. Chem. Chem.
Phys, 19 (2017), 8657-8660.

[2] J. M. Andri¢, G. V. Janji¢, D. B. Ninkovi¢, S. D. Zari¢, Phys. Chem. Chem. Phys, 14
(2012), 10896-10898.
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Previous research has indicated that affinity of metal complexes toward hydrogen
bonding is strongly dependent both from its charging and charging and nature of metal
ion and ligands [1].

The results also emphasize stronger ligand donating abilities for hydrogen bonding
along with coordination to metal ion [2].

Acceptor abilities of carboxyl group of hydroxyacetates (glycolate) for hydrogen
bonding after coordination were investigated based on crystal structures data and
quantum-chemical calculations. Cambridge Structural Database was used to obtain
valuable crystallographic data. All crystal structures in which coordinated carboxylic
oxygen atom acts like acceptor in hydrogen bond are analysed. The analysed complexes
are neutral and metal ion has +2 charge in majority of them (~70%). Bond distances in
those systems are shorter than 3.0 A while the values of bond angles indicate that oxygen
atom prefers to simultaneously interacts with surrounding chemical species. Visual
analysis has pointed out to strong dependence of hydrogen bonding geometry from metal
atom and geometry of complex.

Zn

EQINOI CUGLYCI1 DEYYIR DEYYEN
Structures where OH group from glycolate ligand participate in hydrogen
bonding are numerous. They have shorter bond lengths and noticeable tendency for
linear bonding.
Quantum chemical calculations on glycolate complex systems have shown how
complex charging, metal ion charging and nature of ligand influence on strength of

hydrogen bonding.

[1] G. V. Janji¢, M. D. Milosavljevié, D. Z. Veljkovi¢, S. D. Zarié, Phys. Chem. Chem.
Phys, 19 (2017), 8657-8660.

[2] J. M. Andri¢, G. V. Janji¢, D. B. Ninkovi¢, S. D. Zari¢, Phys. Chem. Chem. Phys, 14
(2012), 10896-10898.
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PE3OHAHLIMJOM
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“Unosayuonu yenmap Xemujcxoe ¢paxynmema, Cmyodenmcxu mpe 12-16, Beozpao,
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beoepao, Cpouja

e-mail: szaric@chem.bg.ac.rs

[IpcreHoBu (opMupaHd BOJOHWYHHM BE3HBAaH-EM MOTIIOMOTHYTHM DPE30OHAHIMjOM Ce
BpJIO YeCTO Yy KPHCTAJIHUM CTPyKTypama Hajaze y MehycoOHO mapaienHoj
opujeHTanuju; 44% CBUX KpUCTaJHUX CTpyKTypa y KeOpuukoj 6a3u CTpyKTypHHX
nojaTaka, y KojuMa ce OBaj THI IPCTEHOBA jaBJba, YHWHE MapajJeNHH KOHTAKTH.
Pacrojama n3mel)y paBHu npcTeHOBa Cy KapaKTepUCTHYHA 3a CTEKUHT uHTepakuuje (3,0-
4,0 A), a npcTeHOBY Cy aHmu OPUjeHTUCAHN.

KBaHTHOXEMUjCKH TNpOpavyyHH €Hepruja CTEKMHI HHTepakuuja cy palhenu
pa3NMUMTEM MeTo/Aama Koje cy mokaszane aobpo cimarame ca CCSD(T) meromom ca
KOMIUIETHUM 0a3HHUM CKYIIOM, Ha MOJIEJI-CHCTEMUMa KOje YMHE JUMEpU MOJIEKYJa YHjU
ce nepuBartu Hajuenmthe Hamase y KpUCTAIHMM CTpyKTypama. Hajjaue wuspauyHate
uHTepaknuje (1 1o -5,1 kcal/mol) cy ymopennBe ca CTeKHHT MHTEpaKIHjaMa 3aCHNeHUX
nmpcTeHoBa (OpPMUPAHUX BOMOHWYHMM Be3mBameM (-4,9 kcal/mol [1]) u crexkuHr
WHTEpaKIyjaMa 3acHNeHNX NpPCTEHOBa (OPMHUPAHUX BOJOHHYHUM Be3uBameM U Cg-
apomatuynux npcrenosa (-4,4 kcal/mol [2]), ka0 ¥ ca jayMHOM BOJOHMYHHMX Be3a
usmely monexyna Boje (-4,8 kcal/mol [3]).

Pesynatun ykasyjy jAa eHepruje CTEKMHI HHTepakuuja usmel)y mnpcTeHoBa
(hopMHpaHUX BOJIOHUYHHMM BE3MBAHEM ITOTIOMOTHYTUM PE30HAHIIMjOM HE MOpajy OuTH
3Ha4ajHO Apyraduje oJ] eHepruja CTEKMHI UHTepakiuja u3mel)y npcreHoBa popMupaHmx
BOJIOHMYHHMM BE3HMBAH-EM, KOjH ITOCETY]y caMO IPOCTE BE3eE.

Cnuxka 1. Crpykrypa kopumtheHa 3a nperpary KemOpuuke 6a3e cTpyKTypHHX HOAaTaKa

[1]J. Blagojevié,S. Zari¢, ChemCommun, 51 (2015) 12989-12991.

[2] J. Blagojevi¢, D. Veljkovié, S. Zari¢,CrystEngComm, 19 (2017) 40-46.

[3] J. Andri¢, G. Janji¢, D. Ninkovi¢, S. Zari¢, Phys. Chem. Chem. Phys, 14 (2012)
10896-10898.
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Resonance-assisted hydrogen-bridged rings are often found in crystal structures in
parallel alignment; 44% of all crystal structuresfound in Cambridge structural database,
that contain this ring type, form parallel contacts. Distances between ring planes are
typical for stacking (3.0-4.0 A) and rings are in anti orientation.

Quantum chemical calculations of the stacking interaction energies are
performed using different methods that are in good agreement with CCSD(T)/CBS
methods, on model systems composed on dimers of molecules whose derivatives are the
most common in crystal structures. The strongest calculated interactions (up to -5.1
kcal/mol) are comparable with stacking interactions of saturated hydrogen-bridged rings
(-4.9 kcal/mol [1]) and stacking interactions between saturated hydrogen-bridged rings
and Cg-aromatic rings (-4.4 kcal/mol [2]), as well as with hydrogen bonds between water
molecules (-4.8 kcal/mol [3]).

Results indicate that energies of stacking interactions of resonance-assisted
hydrogen-bridged rings are not substantially different than energies of stacking
interactions between saturated hydrogen-bridged rings.

Figure 1. Structure used for the search of Cambridge Structural Database

[1]J. Blagojevié,S. Zari¢,ChemCommun, 51 (2015) 12989-12991.

[2] J. Blagojevi¢, D. Veljkovié,S. Zari¢, CrystEngComm, 19 (2017) 40-46.

[3] J. Andri¢, G. Janji¢,D. Ninkovi¢, S. Zari¢, PhysChemChemPhys, 14 (2012) 10896-
10898.
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Poznato je da jedinjenja selena ispoljavaju bolje antioksidativne osobine od
njegovih analoga sumpora [1], a neki od njih se i klinicki koriste. Takode, selen moze
supstituisati sumpor u amino kiselinama (cistein, Cys; metionin, Met) i ima vaznu ulogu
u biohemijskim procesima kao sastavni deo selenoproteina. Bolje razumevanje prirode i
vrste nekovalentnih interakcija selena glavni je cilj mnogih nedavnih teorijskih studija
[2-4].

Da bismo analizirali nekovalentne interakcije selena, iz Kembricke baze strukturnih
podataka izdvojene su sve strukture kod kojih je rastojanje selena od nekog atoma (A
atom) kraée od 4,0 A. Prilikom pretrage koriséeni su fragmenti (slika ispod) koji po
strukturi odgovaraju bo¢nim nizovima amino kiselina Cys i Met. Najbrojnije su strukture
kod kojih je A atom povezan samo sa jednim atomom (X atom), a medu ovim
kontaktima su C-H Se interakcije najzastupljenije (preko 90%). Druge po zastupljenosti
su Se'Se interakcije, dok su o-hole interakcije prisutne, ali u jako malom procentu.
Interesantno, strukture u kojima A atom gradi tri kovalentne veze su malobrojne.

Y -J/R‘ z

6762 SeA kontakata 692 Se~A kontakata 9 Se~A kontakata

Analiza nekovalentnih interakcija u kristalnim strukturama je uradena i za
istovetne fragmente sa sumporom. Kao i kod selena, najbrojnije su strukture u kojima S
interaguje sa C-H grupama (C-HSe interakcije), dok su druge po zastupljenosti S-S
interakcije.

Imajuéi u vidu jacine pojedinih vrsta interakcija Se i S, moze se zakljuciti da
zastupljenost nije u potpunosti u skladu sa jacinama ovih interakcija, i da kristalno
pakovanje, odnosno ukupne interakcije sa vrstama iz okruzenja, imaju presudnu ulogu.

[1] G. Mugesh, W. W. du Mont, H. Sies, Chem. Rev., 101 (2001) 2125-2179.

[2] M. Sencanski, I. Bordevi¢, S. Grubisi¢, J. Mol. Model., 23 (2017) 162-166.

[3] M. Saberinasab, S. Salehzadeh, Y. Maghsoud, M. Bayat, J. Theor. Comput. Chem.,
1078 (2016) 9-15.

[4] P. Hobza, J. Reza¢, Chem. Rev., 116 (2016) 4911-4912.
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It is well known that selenium compounds exhibit better antioxidant properties
than its sulfur analogues [1], and some of them are clinically used. Also, selenium can
substitute sulfur of amino acids (cysteine, Cys; methionine, Met) and it plays an
important role in biochemical processes as an integral part of selenoprotein. A better
understanding of the nature and type of non-covalent selenium interactions is the main
goal of many recent theoretical studies [2, 3].

In order to analyze non-covalent interactions of selenium, all structures in
which the distance of selenium from an atom (A atom) was less than 4.0 A were
extracted from the Cambridge Structural Database. The fragments (picture below),
which structurally correspond to side chain of amino acids Cys and Met, were used
during the search. The structures which contain the A atom bonded only to one atom (X
atom) are the largest in number and among these contacts, C-H Se interactions are the
most abundant ones (over 90%). The second most common are SeSe interactions,
while o-hole interactions are present, but in a very small percentage. Interestingly, there
are only few structures in which the A atom forms three covalent bonds.

{c {c X {c X
Se A X Se A Se A Y
f ______ ’ af _______ f ‘‘‘‘‘‘‘

R R Y R Z
6762 SeA contacts 692 Se~A contacts 9 Se~A contacts

The analysis of non-covalent interactions in crystalline structures was also
carried out for identical fragments of sulfur. Similar to selenium, the largest in number
are the structures in which S interacts with C-H groups (C-HSe interactions), while
S+S are the second most abundant interactions.

Considering the strengths of particulartypes of Se and S interactions, it can be
concluded that the representation is not fully in line with the strengths of these
interactions, and that the crystal packaging, or overall interactions with the species from
the environment, have a decisive role.

[1] G. Mugesh, W. W. du Mont, H. Sies,Chem. Rev.,101 (2001) 2125-2179.

[2] M. Sencanski, I. Dordevi¢, S. Grubisi¢, J. Mol. Model., 23 (2017) 162—166.

[3] M. Saberinasab, S. Salehzadeh, Y. Maghsoud, M. Bayat, J. Theor. Comput. Chem.,
1078 (2016) 9-15.

[4] P. Hobza, J. Reza¢, Chem. Rev., 116 (2016) 4911-4912.
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JAKE CTEKMHI' UTHTEPAKIIMJE U3MEBY
TETPATHJA®YJIBAJIEHCKHUX ®PAI'MEHATA:
KPUCTAJIOT'PA®CKA U KBAHTHOXEMUJCKA CTYJAUJA

M. C. Auronujesuh *, JI. I1. Maaenog®, C. JI. 3apuh ™°

“‘Uncmumym 3a xemujy, mexuono2ujy u memanypeujy, Yuusepsumem y Beocpaoy,
Fhecowesa 12, 11000 Beozpad; "Xemujcku paxynmem, Yuusepsumem y Beoepady,
Cmyoenmcku mpe 12-16, 11000 Beoepao, Cpbuja; ‘Henapmman 3a xemujy, Texcac
A&M ynueepsumem y Kamapy, I1.®. 23874, [loxa, Kamap.

e-mail: szaric@chem.bg.ac.rs

Terpatujadynsanen (TTF) u meroBu JepuBaTi Cy OpraHOCYMIIOpHA jEHI-EHA Ol
BEJIMKOT 3Ha4aja 3a pPa3BOj COJIM ca MPEHOCOM HAeIeKTpUCaa M APYTUX MPOBOJHUX
marepujana [1]. [Ipenoc naenektpucama TTF Bpcra je Beoma nobdap 36or S-+-S, C-H---S
U 7-m crekuHr uHrepakuuja [2]. IlokazaHo je ma S---S wuHTepakumje usmehy TTF
(hparMenara 3HaYajHO JOMPUHOCE CTAOMIIM3AIN]H KPUCTATHUX CTPYKTYypa [3].

Y oBoM pajy, HCIIUTHBaHE Cy T-T CTEKHHT WHTepakiuje n3mel)y npa neyrpanna TTF
¢parmenra nperparom KemOpuuke 6a3ze cTpykTypHuX mnojaraka. IIponaheno je ykynHo
1279 TTF-TTF crekuHr uWHTepakiuja y KpPUCTAIHHUM CTPyKTypama, a uYeTupu
reomerpuje cy Beoma ydectasie. Ctekunr uutepakije usmel)y TTF dparmenara cy
TUIIMYHO NapaiienHo-noMepeHe. [lomepame mo ayxoj C, ocu TTF je nomunanTHO, 10K
je moMepame yxk kpahe C, oce Mame ydecTalo.

CCSD(T)/CBS u DFT-D npopauyHu eHepruja CTeKHHI HHTEpaKIja [oKa3au Ccy Jia
HajIOMIHAHTHja TEOMETPHja Y KPUCTATHUM CTPYKTypaMa MMa Hajjady HHTEpaKIHjy, ca
CCSD(T)/CBS eneprujom untepakmmje of -9.49 kcal/mol. Ocraine ydecrane reomerpuje
y KpHUCTaJHUM CTPYKTypama Cy Takoe MUHUMyMH €HEpruje WM Cy BeoMa CIH4YHe
reoMeTprjaMa MHUHHMMyMa eHepruje. Mama oacTymama reoMerpuja y KpUCTaIHUM
CTPYKTypaMa O]l reoMeTprja MUHUMYyMa eHepruje cy tunuuHa 3a TTF ¢parmente uuju
Cy NpCTCHOBU KOHJACH30BaHU Ca APYTUM NPCTCHOBUMA.

[1] N. Martin, Chem. Commun., 49 (2013) 7025-7027.

[2] H. Jiang, X. Yang, Z. Cui, Y. Liu, H. Li, W. Hu, C. Kloc, CrystEngComm, 16 (2014)
5968-5983.

[3] C. Rovira, J. J. Novoa, Chem. Eur. J., 5 (1999) 3689-3697.
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STRONG STACKING INTERACTIONS BETWEEN
TETRATHIAFULVALENE FRAGMENTS:
CRYSTALLOGRAPHIC AND QUANTUM CHEMICAL STUDY

I. S. Antonijevi¢ *, D. P. Malenov”, S. D. Zarié¢ ™ ¢

¢ Institute for Chemistry, Technology and Metallurgy, University of Belgrade, NjegoSeva
12, 11000 Belgrade, Serbia; ” Faculty of Chemistry, University of Belgrade, Studentski
trg 12-16, 11000 Belgrade, Serbia; © Department of Chemistry, Texas A&M University
at Qatar, P.O. Box 23874, Doha , Qatar.
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Tetrathiafulvalene (TTF) and its derivatives are organosulfur compounds of great
importance for the development of charge transfer salts and other conducting materials
[1]. The charge transfer of TTF is very good due to S---S, C-H---S and n-m stacking
interactions [2]. It was shown that S---S interactions between TTF fragments contribute
significantly to crystal structure stabilization [3].

In this work, n-n stacking interactions between two neutral TTF fragments were
investigated by searching the Cambridge Structural Database. A total of 1,279 TTF-TTF
stacking interactions were found in crystal structures, with four geometries being
particularly frequent. Stacking interactions between TTF fragments are typically parallel
displaced. The displacement along the long C, axis of TTF is dominant, while the
displacement along the short C, axis is somewhat less frequent.

CCSD(T)/CBS and DFT-D calculations of stacking interaction energies revealed that
the most dominantcrystal structure geometry has the strongest interaction, with
CCSD(T)/CBS interaction energy of -9.49 kcal/mol. The other frequent geometries in
crystal structures are also energy minima or very similar to geometries of energy
minima. Small deviations of crystal structure geometries from the geometries of energy
minima are typical for TTF fragments whose rings are fused with other rings.

[1] N. Martin, Chem. Commun., 49 (2013) 7025-7027.

[2] H. Jiang, X. Yang, Z. Cui, Y. Liu, H. Li, W. Hu, C. Kloc, CrystEngComm, 16 (2014)
5968-5983.

[3] C. Rovira, J. J. Novoa, Chem. Eur. J., 5 (1999) 3689-3697.
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YTUIAJ MOJJUPUKOBAHE IN SITU IIPOTEOJIN3E HA
KBAJIMTET IU®PAKIIUJE KPUCTAJIA IPOTENHA AKR1C3

J. J. IlnaBma®, P. Rezaova®™, J. Brynda®™, A. heauh?, E. T. ITerpu®, J. Skerlova™

* Vuueepsumem y Hosom Caoy, Ilpupoono-wamemamuuxu ¢paxyrmem, JJenapmman 3a
ouonozujy u exonozujy, Tpe Jocumeja Obpaoosuhia 2, Hosu Cao, Cpouja

b Hnemumym 3a opeancky xemujy u 6uoxemujy, Yewika Axademuja 3a nayky, Flemingovo
nam, 2, IIpae, Penybnuka Yewxa

‘Uncmumym 3a monexyrapny 2enemuxy, Yewxa Axademuja 3a nayxy, Videnska 1083,
Ilpae, 14220, Penybauxa Yewra;

e-mail: jovana.plavsa@dbe.uns.ac.rs

Xymana anpo-kero peaykraza 1C3 (AKR1C3) crepeocnennpuyHo penykyje crepouse u
MPOCTarTaHANHE W YKJbY4eHa je y Onorpanchopmanmjy kceHoOnornka. Yiora 1C3 y
OpojHHM KaHIlepUMa IpeACTaB/ba MPOTEHH jeIHUM O MOTCHIHjATHUX TEPareyTCKUX
MeTa 3a pa3Boj mHXHOMTOpa. Kpucramorpadcka anamm3a X-3paluMa KOMITIEKCA
AKRI1C3 ca nuaxuOMTOpOM KaHAMAaTOM oMoryhaBa pasyMmeBarbe MHTEpakiuja usmMely
€H3MMa W HWHXHOWTOpa HA MOJICKYJapHOM HHUBOY M palHOHaIU3yje AU3ajH HOBE
reHepanuje MHXMOUTOpa. 3a TaKkBa HCTPAXKHBAIA, ONCEXKHA IPOleAypa MpOayKIHje,
npeuninhaBamba ¥ KpUCTAIM3ALMje POTEHHA j€ HEOIXOJHa, Koja Ha Kpajy MpOAyKyje
KpUCTaJe ca BPJIO JOOpUM KBaIuTeTOM audpakimje. Y OBOM HCTPAKHUBABY je
Moau(dUKOBaHA TEXHUKA in Sifu MPOTEOJM3e, TaKO Na ce crneunpuyHo ojcTpaHud N-
TEpMHUHAIHU XHUCTUIMHCKH obOenexnBad ca pexkomOuHantHor AKRI1C3 mnpotenna
ynoTpe6oM TPOMOHMHA TOKOM ITOCTAaBKE KPHCTAIM3ALUjE Y pasIMuuTuM ycioBuMa. OBaj

MIPUCTYI je pe3yJITOBa0 Y KPUCTAMMA Ca
000JBIITIAHOM Mop¢oIoTHjoM u
KkBanmuTeToM qudpaknuje (Ciuka 1).

VYIBpOuiaM  CcMO  TPOJMMEH3HOHAIHY
crpykrypy AKRIC3 'y mpocropHoj
rpyma  (ewen. space group) Pl vy
pesonymmju 1.5 A, mro npencrapma
Haj0OJby TIOCTUTHYTY pe30JylLHjy 3a
AKRI1C3 y oBoj kpucranHoj dopmu. In
situ MPOTEOITH3a XHUCTUAUHCKOT
obenexMBaya  ca  TPOMOMHOM  je

-Thrombin + Thrombin

| & N

|

|

JEIHOCTaBHA W CKOHOMHYHA IIpoIenypa ¥

Koja ~ MOXe Ja ce  TCHepajaHO 24 2.0
moTpebIbaBa KpHUCTAJIM3aNHj1u -

ynorp Y P 1) Cmuka 1. Tlopeheme cimka audpaxuuje

nporenHa excnpecosanux ca pET28(H) u | s xpic3 KpHCTATA HACTANHX ca H G¢s
CIMYHMX BekTopa [1]. TpOMOHHA.

[1] Plavsa, J. J . Rezagova, P., Kugler, M., Pachl, P., Brynda, J., Voburka, Z., Celié, A.,
Petri, E. & Skerlova, J. Acta Crystallographica Section F: Structural Biology
Communications, 74(5), (2018) 300-306.

*3axBasbyjem ce I[UCr Ha crunerauju u Penybnnukom mpojexty 173014 Ha moapuinu

XXV Kondepennuja Cprckor kpucranorpad)ckor Ipymrea



Poster presentations 79

EFFECT OF MODIFIED IN SITU PROTEOLYSIS ON
DIFFRACTION QUALITY OF PROTEIN AKR1C3 CRYSTALS

J. J. Plavia®, P. Rezafova™, J. Brynda®™, A. Celi¢*, E. T. Petri*, J. Skerlova™

“ University of Novi Sad, Faculty of Sciences, Department of Biology and Ecology, Trg
Dositeja Obradovica 2. Novi Sad, Serbia

"Institute of Organic Chemistry and Biochemistry, The Czech Academy of Sciences,
Flemingovo nam, 2, Prague, Cezch Republic

‘Institute of Molecular Genetics, The Cezch Academy of Sciences, Videnska 1083,
Prague, 14220, Cezch Republic;

e-mail: jovana.plavsa@dbe.uns.ac.rs

Human aldo-keto reductase 1C3 (AKRI1C3) stereospecifically reduces steroids and
prostaglandins and is involved in the biotransformation of xenobiotics. Its role in various
cancers makesit a potential therapeutic target for development of inhibitors. X-ray
crystallographic analysis of complexes of AKR1C3 with candidate inhibitors helps in
understanding the interactions between the enzyme and inhibitor on a molecular level
and in rational design of new generations of inhibitors. For such studies, a robust
procedure for protein production, purification, and crystallization is required, which
yields crystals of very good diffraction quality. /n situ proteolysis is a method used for
rescue or improvement of protein crystallization and diffraction quality of crystals. In
this study we have modified the in situ proteolysis technique to specifically remove the
N-terminal His-tag from

recombinant AKRIC3 protein -Thrombin - Thrombin _
using  thrombin  during a ' i -
crystallization screening trial. This
approach resulted in crystals with
improved morphology and
diffraction quality (Figure 1).

We have determined the three-
dimensional structure of AKR1C3
in space group P1 at 1.5 A, which
is the best resolution achieved for
AKRIC3 in this crystal form. /n
situ proteolytic His-tag removal by

thrombin is a simple and economic [

procedure that may be generally o — A * ok
applicable to the crystallization of

proteins expressed from | Figure 1. Comparison of diffraction images for
pET28(+)-derived vectors [1]. AKRI1C3 crystals grown with and without thrombin.

[1] Plavsa, J. J . Rezagova, P., Kugler, M., Pachl, P., Brynda, J., Voburka, Z., Celié, A.,
Petri, E. & Skerlova, J. Acta Crystallographica Section F: Structural Biology
Communications, 74 (5), (2018) 300-306.

*Special thanks to [UCr for fellowship and to Republic project No. 173014 for support.
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NEFOTOHEMIJSKI LASEROM INDUKOVANA
NUKLEACIJA GLICINA

N. Bo$njakovié-Pavlovi¢®, S. Novakovié®, B. Clair®, A. Ikni* ,W. Li®, P. Gemeiner®,
Z. Zhang™*, J-F. Audibert‘, R. Pansu‘, A. Spasojevic - de Biré"

“Laboratoire “Structures Propriétés et Modélisation des Solides” (SPMS), CNRS UMR
8580, CentraleSupélec, Campus de Paris-Saclay,Université Paris-Saclay, 8-10 rue
Joliot-Curie, 91190 Gif-sur-Yvette, Francuska; PInstitut za nuklearne nauke Vinca,
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P. Fah 522, Beograd, Srbija, ‘Laboratoire de Photophysique et Photochimie
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e-mail: anne.spasojevic@centralesupelec.fr

Nefotohemijski laserom indukovana nukleacija (Non-Photochemical Laser-Induced
Nucleation-NPLIN) predstavlja novu oblast istrazivanja procesa nukleacije koja se
razvila u poselednjih dvadeset godina [1]. Primenom NPLIN metoda moze se posti¢i
prostorna i vremenska kontrola nukleacije. Pored toga, ovaj metod moze doprineti
uspostavljanju  kontrolisane kristalizacije odredenog polimorfa modifikacijom
parametara lasera. Ovom prilikom odabrali smo da ilustrujemo mogucnosti nase
eksperimentalne instalacije na primeru malog molekula aminokiseline glicina, koji se
smatra tipiénim molekulskim modelom za proucavanje polimorfizma. Rezultati
pokazuju da laser stimuliSe nukleaciju unutar metastabilne zone (kriti¢na konstanta
prezasi¢enosti b, ;7 (168) = 150 %) u kojoj inace ne dolazi do spontane nukleacije.
Snimak u realnom vremenu pokazuje kratko vreme indukcije nukleacije (kristal se moze
detektovati nakon nekoliko minuta kamerom koja se nalazi na mikroskopu). Uocavaju se
kristali specificne morfologije ¢ije formiranje je indukovano laserom i koji nisu rezultat
spontane nukleacije (Slika 1). Takode, uocili smo da se nukleacija glicina deSava na
dodirnoj povrsini rastvora sa vazduhom, pre taloZenja na dno suda. Efikasnost nukleacije
indukovane laserom je dokazana za rastvore razlicite presi¢enosti ili energije laserskog
zraCenja; sa porastom konstante presiCenosti postize se bolja efikasnost nukleacije.
Maksimalna efikasnost nukleacije glicina je u funkciji gustine energije laserskog
zraenja.

'E', | . ¥ P k -
- . A 'y
: o\.‘u -_ ‘ l'\

W

+1s +100s 2755 +360s +569s +762s +1017s
Slika 1. tyodgovara zavrSetku ekspozicije (vreme ekspozicije = 60s, energija = 0.25

GW/cm’, linearna polarizacija zraka, presi¢enost = 145 % na 17°C). Tri razlicite
morfologije oznacene su strelicama.

[1] a) B. Clairet al.J. Appl. Cryst. 47 (2014) 1252-1260; b) lkni et al. Cryst. Growth
Des.14 (2014) 3286-3299; ¢) W. Liet al. Cryst. Growth Des. 16 (2016) 2514-2526.
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NON-PHOTOCHEMICAL LASER-INDUCED NUCLEATION
OF GLYCINE
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Non-Photochemical Laser-Induced Nucleation (NPLIN) method has been a growing
research filed since its discovery twenty years ago [1] and shows the ability of a spatial
and temporal nucleation control. Moreover, it is a potential approach to achieve
polymorph control by modifying the laser parameters. We have chosen to illustrate the
capability of our experimental setup on glycine, a small amino acid, which could be
considered as a model compound for polymorphism studies. Results show that LASER
stimulates the nucleation inside the metastable zone (critical supersaturation constant
b.17 (168) = 150 %) where no spontaneous nucleation occurs. Real time recording video
shows a short induction time (some minutes in order to have a crystal detection with the
camera mounted on a microscope). Particular morphologies of crystals induced by the
LASER have been observed, those are not produced by spontaneous nucleation (figure
1). Furthermore, we have observed that glycine nucleates at the air / solution interface
before falling down to the bottom of the tube. Nucleation efficiency via a LASER in a
non-photochemical way has been evidenced at different supersaturations or laser beam
energy: the higher the supersaturation constant value the better the nucleation efficiency
is. A maximum is observed for the glycine nucleation efficiency as a function of the
LASER energy density.

J ." B ¥ B h lv
> \ \ -~ e
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+15 +100s +275s +360s +569s +762s +1017s
Figure 1. The ty corresponds to the end of the LASER exposure (exposure time = 60s,

energy = 0.25 GW/cm’, linear polarization, supersaturation = 145 % at 17°C). Three
different morphologies are indicated with arrows.

[1] a) B. Clairet al.J. Appl. Cryst. 47 (2014)1252-1260; b) Ikni ef al. Cryst. Growth Des.
14 (2014) 3286-3299; ¢) W. Liet al. Cryst. Growth Des. 16 (2016) 2514-2526.
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DEVELOPMENT OF A ZERO-FIELD NUCLEAR MAGNETIC
RESONANCE SPECTROMETER FOR THE STUDY OF
FERROMAGNETIC MATERIALS

A.J.F. M. L. Mariano™, B. Anti¢"

“ Department of Physisc and CeFEMA, Faculty of Science and Technology, University of
Algarve, 8005-139 Faro, Portugal; "The “Vinca” Institute of Nuclear Sciences,
University of Belgrade, POB 522, 11001 Belgrade, Serbia

e-mail: José Mariano (jmariano@ualg.pt)

Nuclear magnetic resonance (NMR) is commonly used in chemistry and
biology but is much less popular for studying ferromagnetic systems. However, recent
developments have shown that NMR can give unique information on the structure,
interface morphology and magnetic properties of magnetic thin films, multilayers or
nano-clusters, being specially suited for the investigation of Co based materials [1]. The
advantage of employing NMR lies in its ability for providing both structural and
magnetic information for different local atomic environments, since it is a species-
selective technique. The local magnetic anisotropy can be determined by means of the
evolution of the resonance signal with applied radio-frequency power. It is also possible
to observe different resonance frequencies associated with elements arising from
different regions of the sample [2].

NMR of magnetic materials was until now unable to get a broader adhesion from the
scientific community mainly due to the fact that reliable spectrometers are not available
commercially and must be built in-house. In this communication, we describe a

. construction of a coherent pulsed NMR spectrometer working
in the frequency swept mode from 10 MHz to 550 MHz and
designed for rapid and sensitive automated spectrum
acquisition in magnetic materials. The design includes
frequency synthesizing for stability and computer control
facility, untuned broadband probe with impedance matching
for quick frequency sweeping and flat frequency response,
double heterodyne receiver for image frequency, harmonics
and noise rejection and four phase synchronous detection for
linearity and true data accumulation. The spectrometer
control is achieved by means of a digital controller
implemented on a FPGA using specially developed IP cores
for pulse generation and spin echo integration. Some results
will be provided that illustrate the potential of this technique.

[1] Liu, Y. et al. Nat. Communication 7:11532 (2016).
[2] José Mariano, PhD Thesis, IST, (2012).
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TEPMUYKU U3A3BAHE CTPYKTYPHE TPAHC®OPMAILIMJE
Fe;O; HAHOYECTHUIA Y SiO; MATPUIIA

M. M. Muauh, B. H. Hukoauh, H. 'B. Jlazapos

Jlabopamopuja 3a meopujcky uzuxy u gusuxy Konoenzosame mamepuje, Uncmumym
3a HyKkaeapHe Hayke ,, BUHYA ", Yuusepzumem y beoepady
e-mail: mikac@vinca.rs

CuHTe3a U TPOYYaBAKE PA3IMYUTHX OKCHAA TBOXHa, HAPOUYMTO HUXOBUX
HAHOYECTUYHHUX (OPMH, MPEIMET Cy HENPECTaHOI WHTEPecOBamha Hay4HE 3ajeJHHMIIE,
Kako 300T" caMOr Hay4HOT HHTEpeca TaKo U M3 pasiiora lHXOBE IpakTH4He npumMene [1].
®epu oxcun (Fe,O;) npencrasipa jeqHy Of Haj3aHMMIBMBHjUX (ha3a okcuia raoxba,
yju ce pa3numuuTH rnonumopdu (anda-, Oera-, encwioH-Fe,Os;) Kapakrepuiry
WHTEPECAaHTHAM MAarHETHUM, KaTATUTHYKUM, OMOXEMHUjCKUM U APYTHM OCOOMHaMa, Koje
UX YMHE NOTOJJHUM 32 MHOTE IIPUMEHE.

Y oBom pany, Hanouectune rBoxhe(Ill) oxcuma (Fe,O;) cuHTeTHCaHE Cy
npumeHoM coi-ren Metozae [2]. Kao u3Bop cunmiujyma y cuHTe3u je kopuiiheH
tetpaetokcucmiad (TEOC), a xao m3Bop jona rBoxkha Fes(NO;3);x9H,0. Hobujenn
komro3utH caapxkasanu cy 20% u 30% reoxha. JJo6ujeHu cBexu amopdHu ren cyiieH
je Ha 80 °C u 150 °C, u u3aesbeH Ha BHIIE JIEJIOBA KOjU CY YKAPEHU HA Pa3IUnYUTHM
temneparypama (150 °C, 300 °C, 500 °C, u 1000 °C) y Bazmyxy, a IOTOM CIIOpPO
oxutaljeHu 10 coOHe TeMmepaType.

o XRPD difraktogram Fe203/SiO2 Taxo KapeHH y30pin Cy. HCIITHBAHH
uzorka sa 30% Fe v-0-Fe203 METOJIOM pEHAreHCKe Au(pakuuje Ha Mpaxy

| M aretec0s (XRPD) " METOJIOM uHppanpseHe

4 si0 v v"'_y'Fezm CIIEKTPOCKOTIHj€e ca ®ypujeoBoM

S 4 NI v Y, tpanchopmanujom (FTIR). IIpoceyna Beauyuna
8 . [1030°C 3 KPHCTAJIUTA IPHIPEMJEEHUX y30paka oapeheHa
5 . v Y w je  xopumhemem  IllepepoBe  dopmyire.
5 1 X CHHTeTHCAHEe Fe,0; qecThIe cy
E 24500°C koW L L. W HAaHOMETApCKUX JMMEH3HMja W  pacTy ca
£ | - WQW\W OJrpeBameM Ha BUCOKUM TeMrieparypama. FTIR
N 300°C . CMIEKTPOCKOIHMJOM YOUEHO je MOCTojare Sl-Q
M BE32 Y MCIUTHBAHMM y30pLIMMA KOj& noTBphny

— T T T dopmupame SiO, maTpuie. YTBpheHo je, na y

20 30 40 50 60 70

3aBUCHOCTH OJl HUCKOTEMIIEPATypPHOI TpETMaHa
20(degree)

moyeTHOT rena u texuHckor Fe/SiO, omgHoca y
HBEMY, TEPMHUYKH TPETMaH Ha BUCOKMM TeMIepaTypaMa JOBOJH 10 Pa3IMYUTOr HadMHA
cTpykTypHe Tpancopmarmje Fe,O; manouectumna. Pesynratu nobujeHu y OBOM pany
MOTY JONPHHETH O0JheM pa3yMeBamy Ipoleca CTPYKTYpHE TpaHchopMarlmje
Fe,0;/Si10, komno3ura, u omoryhuru 60Jby KOHTPOIY YCJIOBA CHHTE3E.

[1] M. Mohapatra, S. Anand, International Journal of Engineering, Science and
Technology, 2(8) (2010) 127-146.

[2]C. Savii, M. Popovici, C. Enache, J. Subrt, D. Niznansky, S. Bakardzieva, C. Caizer,
I. Hrianca, Solid State Ionics, 151(1-4) (2002) 219-227R.
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THERMALLY INDUCED STRUCTURAL TRANSFORMATIONS
OF Fe;03; NANOPARTICLES EMBEDDED IN A SILICA MATRIX

M. M. Milié, V. N. Nikolié, N. Dj. Lazarov

Department of Theoretical and Condensed Matter Physics,Vinca Institute of Nuclear
Sciences, University of Belgrade, Serbia
e-mail: mikac@vinca.rs

There is an everlasting interest in preparation and investigation of various iron oxides,
especially of their nanosized forms, both for fundamental and for practical reasons [1].
Ferric oxide (Fe,O;) is one of the most interesting iron oxide phases. Its different
polymorphs (alpha- beta- gamma-, and epsilon-Fe,O;) have various magnetic, catalytic,
biochemical, etc. properties which make them suitable for many applications.

In this work iron(IIT) oxide (Fe,O;) nanoparticles dispersed in silica matrix
were successfully prepared following the sol-gel method [2]. The source of silicium was
tetracthoxysilane (TEOS) and the source of iron ions was Fe3(NO;);x9H,0. Two gel
precursor of Fe,05/SiO, were obtained with different content of Fe, 20% and 30%.
Further, the fresh amorphous gels were dried at 80 °C and 150 °C, and then divided into
several portions that were subjected to thermall treatment at various temperatures (150
°C, 300 °C, 500 °C, and 1000 °C), in air, followed by the slow cooling to room
temperature.

The annealed samples were characterized
XRPD pattom ot Fe203/SI02 by powder XRD diffraction analysis (XRPD)

| sample with 30% Fe v-a-Fe203 ’
Y A-5-Fe203 and Fourier Transform Infrared spectroscopy

5

< si0p v v""Y‘F3203 (FTIR). The average crystallite siz.es of the
— % v T, prepared Fe,O; particles were determined by the
3 7030°C e use of Scherrer equation, showing that the
= 3 I synthetized particles were of the nanometric
& y M v size. The crystallite size increased during the
§ 2 500CT ywm L LW thermal treatment at high temperatures. FTIR
£ L J y M‘ spectra of the prepared samples enabled

observation of the Si-O bonds vibrations

1 _W indicating formation of SiO, matrix. Depending

; . . . d80FE on the low temperature treatment of the

20 3 40 5 60 70 precursor sample and Fe/SiO, ratio, the high-

20(degree) temperature annealing resulted in different

structural transformation pathways of the

prepared Fe,O; nanopartilces. The results of this study may lead to a better

understanding of the process of the structural transformations of Fe,05/SiO, composites,
and help in providing better control of synthesis conditions.

[1] M. Mohapatra, S. Anand, International Journal of Engineering, Science and
Technology, 2(8) (2010) 127-146.

[2] C. Savii, M. Popovici, C. Enache, J. Subrt, D. Niznansky, S. Bakardzieva, C. Caizer,
1. Hrianca, Solid State Ionics, 151 (1-4) (2002) 219-227R.
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SINTEZA, STRUKTURA I SVOJSTVA DVOFAZNOG
Mn(II)/Zn(II) MATERIJALA

L. Radovanovi¢®, P. Vulié, ®, Z. Jagliti¢ ¢, Z. Radovanovi¢ *, I. Zekovi¢ ¢, J. Rogan *

“ Inovacioni centar Tehnolosko-metalurskog fakulteta, Univerzitet u Beogradu,
Karnegijeva 4, Beograd, Srbija; * Rudarsko-geoloski fakultet, Univerzitet u Beogradu,
Dusina 7, Beograd, Srbija; © Fakultet za gradevinu i geodeziju i Institut za matematiku,
fiziku i mehaniku, Univerzitet u Ljubljani, Jamova 2, Ljubljana, Slovenija; * Institut za
nuklearne nauke Vinca, Univerzitet u Beogradu, P.O. Box 522, Beograd, Srbija;
“Tehnolosko-metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, Beograd,
Srbija.

e-mail: Iradovanovic@tmf.bg.ac.rs

Reakcijom izmene liganada sintetisan je dvofazni materijal I izgraden od kompleksa
[Mn(dipya)(H,O)4](tpht) i {[Zn(dipya)(tpht)]-H,O},(tpht = anjon tereftalne kiseline,
dipya = 2,2’-dipiridilamin) i okarakterisan je rendgenskom difrakcijom praha (XRPD),
elementarnom analizom i IC-spektroskopijom. Ritveldovom metodom utvrdena je
struktura obe faze na osnovu poznatih kristalnih  struktura kompleksa
[Mn(dipya)(H,0)4](tpht) (monoklini¢an sistem, prostorna grupa P2/c, a =7,62769(7),
b=23,8578(2), c¢=11,09364(20) A, B=102,2997(10)°) i {[Zn(dipya)(tpht)]-H,O},
(monoklini¢an sistem, prostorna grupa P2i/n, a=9,83498(12), b=14,40421(15),
c=12,27228(16) A, = 95,7954(9) °), koje su odredene rendgenskom strukturnom
analizom [1, 2]. Odnos faza [Mn(dipya)(H,O),](tpht) i {[Zn(dipya)(tpht)]- H,O}, u I
iznosio je 31:69 mas. %. Rezultati utacnjavanja Ritveldovom metodom u dobroj su
saglasnosti, sa neznatnim odstupanjem od strukturnih parametara originalnih struktura:
Ry 4,28, Ryp: 5,60, Reyp: 4,42, Xz: 1,60, Rg: 2,39, R 1,99 za Mn(Il)-fazu i Rg: 3,15,
Ry 3,13 za Zn(Il)-fazu. Mn(Il)-fazu obrazuju diskretne kompleksne jedinke
[Mn(dipya)(H,0)4](tpht) u kojima tpht ima ulogu jona suprotnog naelektrisanja sa
deformisano-oktaedarskom geometrijom Mn(II)-jona. Zn(II)-faza izgradena je od cik-
cak lanaca {[Zn(dipya)(tpht)]-H,O},, sa dva kristalografski razli¢ita mostovna tpht-
liganda: bis-helatnim 1 bis-monodentatnim. Zn(Il)-jon se nalazi u deformisanom
kvadratno-piramidalnom okruZzenju. Termicko ponasSanje I ispitano je simultanom
TG/DSC-analizom u atmosferi vazduha i azota. XRPD identifikacija ¢vrstog ostatka
nakon analize u atmosferi vazduha pokazala je prisustvo dve faze: ZnO (ICDD PDF 36-
1451) i ZnMn,0O, (ICDD PDF 24-1123), ¢ija je morfologija ispitana skeniraju¢om
elektronskom mikroskopijom (SEM). Merenjem magnetne susceptibilnosti na niskim
temperaturama utvrdene su magnetne interakcije u I i analizirana su fotoluminescentna
svojstva na sobnoj temperaturi.

[1] L. Radovanovié, J. Rogan, D. Poleti, M.V. Rodi¢, N. Begovi¢, Inorganica Chimica
Acta, 445 (2016) 46-56.

[2] L. Radovanovié, J. Rogan, D. Poleti, M. Milutinovi¢, M.V. Rodi¢, Polyhedron, 112
(2016) 18-26.
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SYNTHESIS, STRUCTURE AND PROPERTIES OF Mn(1I)/Zn(IT)
BIPHASIC MATERIAL
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of Belgrade, Pusina 7, Belgrade, Serbia; “ Faculty of Civil and Geodetic Engineering &
Institute of Mathematics, Physics and Mechanics, University of Ljubljana, Jamova 2,
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A biphasic material I that is composed of complexes [Mn(dipya)(H,O),](tpht) and
{[Zn(dipya)(tpht)]-H,O},(tpht = anion of terephthalic acid, dipya = 2,2’-dipyridylamine)
has been synthesized by the ligand exchange reaction and characterized by X-ray powder
diffraction (XRPD), elemental analysis and IR spectroscopy. The structural
characterization of each phase was performed by Rietveld method according to the
known crystal structures of [Mn(dipya)(H,O)4](tpht) (monoclinic, space group P2/c,
a=17,62769(7), b=23,8578(2), c=11,09364(20)A, p=102,2997(10)°) and
{[Zn(dipya)(tpht)]- H,O}, (monoclinic, space group P2i/n, a=9,83498(12),
b=14,40421(15), c = 12,27228(16) A, f=95,7954(9) °) determined from single crystal
data [1, 2]. [Mn(dipya)(H,O)4](tpht) to {[Zn(dipya)(tpht)]-H,O}, phase-ratio in I was
31:69 wt. %. The Rietveld refinement results were in a good agreement with a minor
deviation of the final structural parameters from the original structures: R,: 4.28,
Ryp: 5.60, Reyp: 442, XZ: 1.60, Rg: 2.39, Ry 1.99 for the Mn(Il)-phase, and Rp: 3.15,
Ry 3.13 for the Zn(Il)-phase. The Mn(Il)-phase consists of discrete complex units
[Mn(dipya)(H,0)4](tpht) in which the tpht is counter anion and with distorted octahedral
geometry of Mn(Il) ion. The Zn(II)-phase is comprised of =zigzag chains of
{[Zn(dipya)(tpht)]-H,O},, with two crystallographically different tpht bridges: bis-
chelate and bis-monodentate and Zn(II) ion in a distorted square pyramidal environment.
The thermal behavior of I was studied by simultaneous TG/DSC analysis in both air and
N, atmospheres. XRPD identification of the solid residue after analysis in air atmosphere
confirmed the presence of two phases: ZnO (ICDD PDF 36-1451) and ZnMn,O,
(ICDD PDF 24-1123), whose morphologies were analyzed using scanning electron
microscopy (SEM). The magnetic susceptibility measurements at low temperatures of 1
were performed in order to examine the magnetic interactions and photoluminescence
properties at room temperature have been investigated.

[1] L. Radovanovié, J. Rogan, D. Poleti, M.V. Rodi¢, N. Begovi¢, Inorganica Chimica
Acta, 445 (2016) 46-56.

[2] L. Radovanovié, J. Rogan, D. Poleti, M. Milutinovi¢, M.V. Rodi¢, Polyhedron, 112
(2016) 18-26.
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MAGNETIT CVETNE MORFOLOGIJE SINTETISAN POLIOL
METODOM ZA POTENCIJALNE PRIMENE U MEDICINI

M. Ognjanovi¢®, D. Stankovi¢’, M. Mirkovi¢®, M. Radovi¢’, T. Stanojkovi¢”, B.
Antié¢*

“Institut za nuklearne nauke ,, Vinca “, Univerzitet u Beogradu, Beograd, Srbija
®Institut za onkologiju i radiologiju Srbije, Beograd, Srbija
e-mail: miloso@yvin.bg.ac.rs

Magnetne nanocestice se intenzivno istrazuju zbog njihove potencijalne primene u
razli¢itim oblastima, ukljucuju¢i i medicinu. U ovom radu predstavljamo rezultate
optimizacije poliol metode u sintezi magnetnih nanocestica (Fe;O,) sa razlicitim
morfologijama: visejezgarne, ukljuCujuc¢i Supljikavu i cvetnu morfologiju i ispitivanja
njihove citotoksi¢nosti, moguénosti radioobelezavanja sa °°Y, in vitro stabilnost
%Y _Fe;0, konjugata, kao i sposobnost grejanja za primene u magnetnoj hipertermiji.

Sinteza [1] nanocestica Fe;0,4 je zapoceta rastvaranjem 0,9 mmol FeCl;-6H,0 u 109
mL etilen glikola, nakog cega je 140 mmol PVP i 15,8-36,5 mmol NaAc-3H,0 dodato u
rastvor. Dobijena smeSa je prebacena u teflonski autoklav i odrzavana 3-16 h na
temperaturi od 200 °C kako bi se izvrSila solvotermalna kristalizacija. Natrijum-acetat je
koriséen za kontrolu procesa nukleacije sa ciljem da se formiraju razli¢ite morfologije.
Analizom uticaja vremena sinteze moze se predvideti mehanizam formiranja morfologije
cveta. Formirana inicijalna faza koja sadrzi Stapicaste strukture koje poti¢u od getita se
nakon inkubacionog perioda razvija u magnetne nanocestice sa strukturom spinela. Kod
formiranih cvetnih nanostruktura veli¢ina Cestica unutar cvetova raste (od ~10 do 31
nm) sa porastom vremena termalnog tretmana, dok veli¢ine ,.cvetova“ ostaju
nepromenjene (~110 nm).

3h

Slika 1. TEM slike rastucih jezgara odt = 3—16 h

Ispitivani uzorci magnetita pokazuju dobru do umerenu citotoksi¢nu aktivnost in
vitro, na modelu A549 ¢elija humanog nesitnocelijskog karcinoma pluca. Takode,
postoji dobra selektivnost u odnosu na zdrave MRC-5 ¢€elije fetalnih fibroblasta pluca, pa
su ispitivane nanocestice dobri kandidati za dalja ispitivanja njihovog antikancerogenog
potencijala. Prinosi *’Y-Fe;0, radioobelezavanja su u rasponu od 25-100% pokazujuéi
visoku in vitro stabilnost u fizioloskom rastvoru (>93%) kao i u humanom serumu
(>89%) na 37 °C za 72 h. Selektovani uzorci su oblozeni sa CA, PAA i PEG-om i
pokazuju umeren kapacitet grejanja u AMF tako da se ispitani ferofluidi mogu
potencijalno korstiti za primene u magnetnoj hipertermiji.

[1] H. Gavilan, et al., Particle & particle systems characterization, 34(7) (2017)
1700094.
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MAGNETITE NANOFLOWERS SYNTHESIZED BY A POLYOL-
MEDIATED PROCESS FOR APPLICATION IN MEDICINE
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Magnetic nanoparticles are being developed as structural and functional materials for use
in diverse areas, including medicine. Here, we report optimization of the polyol-
synthesis method of magnetite (Fe;Os) nanoparticles with distinct morphologies:
multicore, including hollow spheres and nanoflowers, prepared by the polyol process
and investigation of their cytotoxicity, radiolabeling with Y, in vitro stability of *°Y-
Fe;0,4 conjugates as well as heating ability in magnetic hyperthermia treatment.

The synthesis [1] of iron oxide nanoparticles was done by dissolving 0.9 mmol of
FeCl;-6H,0 in 109 mL of ethylene glycol. Then, 140 mmol of PVP and 15.8-36.5 mmol
NaAc-3H,0O were added to the solution. The mixture was sealed in a Teflon-lined
autoclave and maintained at 200 °C for 3-16 h for solvothermal crystallization. Sodium
acetate have been used to control the nucleation and assembly process to obtain the
different particle morphologies. Moreover, from samples obtained at different time steps,
we have elucidated the formation mechanism of the nanoflowers: the initial phases of the
rod-shaped structure left from ghoetite which after some incubation time evolves to
spinel structure magnetite nanoparticles. Once the nanoflowers have been formed, a
crystallization process takes place, where the Fe;O,4 crystallites within the nanoflowers
grow in size (from ~10 to 31 nm), but the particle size of the flower remains unchanged
(~110 nm).

Figure 1. TEM images of the growing cores att=3—16 h

The investigated samples show good to moderate cytotoxic activity in vitro on the A549
human non-cellular lung carcinoma cell model. Also, there is good selectivity compared
to healthy MRC-5 cells of the fetal fibroblasts of the lung, so the tested nanoparticles are
good candidates for further testing their anticancer potential. Yields of *°Y-Fe;O,
radiolabeling were in range of 25-100% while showing high in vitro stability in
physiological solution (>93%) and human serum (>89%) at 37 °C for 72 h. Selected
samples were coated with CA, PAA and PEG and showing moderate heating capacity in
an AMF so that examined ferrofluids can be potentially used in hyperthermia therapy.

[I1H. Gavilan, et al., Particle & particle systems characterization, 34(7) (2017)
1700094.
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KONTROLISANA SINTEZA RAZLICITIH OBLIKA CeO,
NANOCESTICA: EFEKT RAZLICITIH PREKURSORA NA
NASTAJANJE UPRAZNJENIH MESTA ZA KISEONIK
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“Odjel za kemiju, Sveuciliste Josipa Jurja Strossmayera u Osijeku, Cara Hadrijana 8/4,
31000 Osijek, Hrvatska; "Physikalisch-Chemisches Institut, Justus-Liebig-Universitit,
Heinrich-Buff-Ring 17, 35392 GiefSen, Nemacka, ‘Key Laboratory for Advanced
Materials, Research Institute of Industrial Catalysis, School of Chemistry and Molecular
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Pohrana kiseonika u ¢vrstom katalizatoru je veoma vazna za industrijske oksidacijske
reakcije kao $to je reakcija oksidacije HCl (Deaconov proces). Nanocestice cerijum-
-dioksida su obecavajuci katalizatori za reakciju oksidacije HCIl. Cerijum-dioksid
poseduje veliki kapacitet pohrane kiseonika (eng. Oxygen storage capacity — OSC) §to je
mera koliko kiseonika neki materijal moZe pohraniti i otpustiti. Ovo svojstvo €ini
cerijum-dioksid pogodnim za redoks reakcije koje obi¢no prate mehanizam Mars-van
Krevelena (povrSinski atomi kiseonika direktno ucestvuju u reakciji) [1]. Zbog
reverzibilne promene u oksidacijskom stanju cerijuma iz Ce*" u Ce’, stvaraju se
neutralna upraznjena mesta za kiseonik. Uzevsi u obzir ¢injenicu da se redoks reakcije
odvijaju na povrsini oksida cerijuma, vrlo je vazno istraziti tip povrSine u razli¢itim
nanostrukturisanim materijalima na bazi cerijum-dioksida. Kao rezultat toga, razliiti
oblici imaju razli¢itu preferisanu orijentaciju ((111) za oktaedarske nanokristale, (110)
za nanoStapice i (100) za nanokockice) $to rezultuje razli¢itom aktivnoscéu i stabilnoscu
[2]. Vrsta anjona u soli prekursora moze imati uticaj na kristalizaciju oksida cerijuma, a
time takode i na nastajanje upraznjenih mesta za kiseonik. U ovom istrazivanju,
nanocestice kontrolisanog oblika (nanostapi¢i i nanokockice) sintetisani su prethodno
objavljenom hidrotermalnom metodom [3] sa dva razli¢ita prekursora cerijuma
(Ce(NO3)3- 6H,O 1 CeCls- TH,0). Sintetisani materijali su okarakterisani rentgenskom
difrakcijom na prahu (PXRD), Raman spektroskopijom, pretraznom elektronskom
mikroskopijom (SEM), transmisijskom elektronskom mikroskopijom (TEM). Dobiveni
rezultati pokazuju izuzetan efekt razli¢itih prekursora na nastanak upraznjenih mesta za
kiseonik.

Autori se ovim putem zahvaljuju Medunarodnoj uniji za kristalografiju (IUCr)
koja je omogucila ucestvovanje na ovoj konferenciji.

[17J. Kullgren, Oxygen Vacancy Chemistry in Ceria, Digital Comprehensive Summaries
of Uppsala Disertation from the Faculty of Science and Technology 896, 59 pp, Uppsala.
2012.

[2] C. Li, Y. Sun, L. Djerdj, P. Voepel, C. C. Sack, T. Weller, R. Ellinghaus, J. Sann, Y.
Guo, B. Smarsly, H. Over, Shape-Controlled CeO, Nanoparticles: Stability and Activity
in the Catalyzed HCI1 Oxidation Reaction, ACS Catalysis 7 (2017), 6453-6463.

[3] H. X. Mai, L. D. Sun, Y. W. Zhang, R. Si, W. Feng, H. P. Zhang, H. C. Liu, C. H.
Yan, Shape-Selective Synthesis and Oxygen Storage Behavior of Ceria Nanopolyhedra,
Nanorods and Nanocubes, J. Phys. Chem. B 109 (2005), 24380-24385.
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Oxygen storage in solid catalyst is very important for industrial oxidation reactions
such as HCI oxidation reaction (Deacon process). Ceria nanoparticles act as promising
catalysts for HCI oxidation reaction. Ceria posseses high OSC (oxgen storage capacity)
which is a measure of the oxygen quantity that material can store and release. This
makes ceria suitable for redox reactions which usually follow Mars-van Krevelen
mechanism (surface oxygen atoms directly involved in reactions) [1]. Because of the
reversible change in oxidation state from Ce*" to Ce’*, the neutral oxygen vacancies are
formed. Giving the fact that redox reactions take place at ceria surface, it’s important to
investigate the type of the surface in different nanostructured ceria-based materials. As a
result, different shapes show different facets of preferential orientation ((111) for
octahedrons, (110) for nanorods and (100) for nanocubes) thus also showing different
stability and activity [2]. An important factor that might have an impact on properties of
synthesized ceria is a type of a precursor. Type of an anion in a precursor salt might have
an impact on crystallization of ceria thus also on formation of oxygen vacancies. In this
research, shape-controlled CeO, nanoparticles (nanorods and nanocubes) were
synthesized by previously published hydrothermal method [3] and by two different
cerium precursors (Ce(NO;);- 6H,0 and CeCl;- 7H,0). Synthesized materials have been
characterized by powder X-ray diffraction (PXRD), Raman spectroscopy, scanning
electron microscopy (SEM), transmission electron microscopy (TEM). Obtained results
show pronounced effect of different cerium precursors on the crystallization of ceria and
formation of oxygen vacancies.

Authors would like to thank International Union of Crystallography (IUCr) for
enabling participation in this conference.

[17J. Kullgren, Oxygen Vacancy Chemistry in Ceria, Digital Comprehensive Summaries
of Uppsala Disertation from the Faculty of Science and Technology 896, 59 pp, Uppsala.
2012.

[2] C. Li, Y. Sun, L. Djerdj, P. Voepel, C. C. Sack, T. Weller, R. Ellinghaus, J. Sann, Y.
Guo, B. Smarsly, H. Over, Shape-Controlled CeO, Nanoparticles: Stability and Activity
in the Catalyzed HCI1 Oxidation Reaction, ACS Catalysis 7 (2017), 6453-6463.

[3] H. X. Mai, L. D. Sun, Y. W. Zhang, R. Si, W. Feng, H. P. Zhang, H. C. Liu, C. H.
Yan, Shape-Selective Synthesis and Oxygen Storage Behavior of Ceria Nanopolyhedra,
Nanorods and Nanocubes, J. Phys. Chem. B 109 (2005), 24380-24385.
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B. Simovi¢®, A. Dapé&evic®, J. Zdravkovi¢', G. Brankovi¢®

¢ Institut za multidisciplinarna istraZivanja, Univerzitet u Beogradu, Kneza ViSeslava I,
11030 Beograd, Srbija; b Tehnolosko-metalurski fakultet, Univerzitet u Beogradu,
Karnegijeva 4, 11120 Beograd, Srbija;, © Inovacioni centar TehnoloSko-metalurskog
fakulteta, Univerzitet u Beogradu, Karnegijeva 4, 11120 Beograd, Srbija

e-mail: bojanasimovic@imsi.bg.ac.rs

Ekoloski nanomaterijali kao §to su titan-dioksid i titanati Cesto se koriste u industriji
zbog njihovih izvanrednih svojstava: bioloske i hemijske stabilnosti, fotokataliticke
aktivnosti, ekonomic¢nosti. Pored drugih postupaka, hidrotermalni proces postao je
veoma vazan metod za sintezu nanostrukturnih titan-dioksida i titanata.

U ovom radu, devet proizvoda dobijeno je variranjem eksperimentalnih uslova (6, 12
i 18 hna 110, 135 i 160 °C) hidrotermalnog tretmana polaznog nanoanatasa u alkalnoj
sredini (5 mol dm rastvora NaOH). Ispitana je moguénost za dobijanje titanatne faze
kao 1 uticaj razlicitih eksperimentalnih uslova na strukturna i mikrostrukturna svojstva
dobijenih proizvoda.

Kao $to je pokazano XRPD-om i TEM-om, Cista titanatna faza nastaje nakon
najintenzivnijeg hidrotermalnog tretmana, ta¢nije nakon 18 h na 160 °C. Kod ostalih
osam proizvoda zaostaje odredena koli¢ina anatasa, pri ¢emu se ona smanjuje sa
porastom temperature i duzine trajanja hidrotermalnog tretmana. Naime, intenziviranje
hidrotermalnog tretmana znatno povecava rastvorljivost TiO, dovodec¢i do promena u
morfologiji od priblizno sfernih Cestica anatasa do izduzenih titanatnih nanoplocica. Ovo
je posledica raskidanja veza Ti—O-Ti i stvaranja novih veza Ti—-O—Na ili Ti-OH pa
samim tim i rast lamelarnih struktura, ¢ime dolazi do transformacije nanocestica anatasa
u titanatne nanoplocice.Transformacija je potpuna nakon 18 h na 160 °C. Izracunati
parametri jediniCne celije ove titanatne faze a = 18,188(6), b = 3,7669(3) i ¢ =2,9812(6)
A pokazuju blago izduZenje duz a-ose u poredenju sa H,Ti,Os-H,O (PDF #47-0124).
Ovo bi se moglo objasniti delimi¢nom jonskomizmenom Na'—H". EDS i TG analizama
dobijenog Cistog titanata utvrdeno je da je njegova najverovatnija formula
Nay 4H; sTi,05-H,0. FTIR i TG analize pokazale su da nanoplocice Nag4H; sTi,0s-H,O
apsorbuju vodu po povrsini te su potvrdile higroskopnu priroduovog titanata. Medutim,
HRTEM/SAED je pokazao smanjenje meduslojnog rastojanja duz a-osezbog
dehidratacije usled vakuuma i elektronskog zracenja tokom TEM analize dodatno
potvrdujuéi slojevitu strukturu dobijenog titanata.

Ovaj rad opisuje jednostavan sintetski postupak za dobijanje titanatnih nanoplocica
korisnih za razne primene, a takode kona¢no objasnjava razliku izmedu titanata i titan-
dioksida sa stanovista strukure i mikrostrukture.
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The environmental friendly titanium-based nanomaterials such as titania and titanates
are often used in industry regarding to their extraordinary properties: biological and
chemical stability, photocatalytic activity, cost-effectiveness. Among other procedures,
the hydrothermal process became a very important way to synthesize the titania and
titanate nanostructures.

In this work, nine products were obtained by modifying the experimental conditions
(6, 12 and 18 h at 110, 135 and 160 °C) of hydrothermal treatment of starting
nanoanatase in alkaline medium (5 mol dm > NaOH solution). The possibility to obtain
the single titanate phase was investigated as well as the influence of different
experimental conditions on structural and microstructural properties of obtained
products.

As shown by XRPD and TEM, when commercial nanoanatase is hydrothermally
treated, the single titanate phase was obtained after energetically the most intensive
treatment i.e. 18 h at 160 °C. Among all other eight products, a certain amount of
anatase remained, with the decreasing content as the temperature and time of
hydrothermal treatment increases. This intensification of hydrothermal treatment
significantly increases the solubility of TiO, promoting the changes in morphology from
nearly spherical anatase particles to elongated titanate nanosheets. This is the
consequence of Ti—O—Ti bonds breaking and formation of Ti-O-Na or Ti~OH bonds
and thus the growth of lamellar structures giving the complete transformation of anatase
nanoparticles into titanate nanosheets after 18 h at 160 °C. The calculated unit cell
parameters of this titanate phase, a = 18.188(6), b =3.7669(3), ¢ =2.9812(6) A, show
the slight elongation along a-axis comparing to H,Ti,05-H,O (PDF #47-0124). This
could be explained by partial Na'~H" ion exchange. Based on EDS and TG of obtained
pure titanate, the Nay4H; ¢T1,05-H,O formula could be assigned to the titanate phase.
The FTIR and TG analyses showed the hygroscopic nature of Nay4H;Ti,05-H,O
nanosheets and the consequential surface adsorption of water. However, the
HRTEM/SAED revealed the shortening of interplanar distances along a because of the
dehydratation due to vacuum and electron radiation during the TEM analysis
additionally confirming the layered structure of obtained titanate.

This work describes a simple synthetic procedure for production of titanate
nanosheets useful for diverse applications but also finally distinguish the titanates from
titania in terms of structure and microstructure.
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Ag-DOPIRANI FLUORAPATITNI NANOMATERIJALI
DOBIJENI POSTUPKOM NEUTRALIZACIJE

G. Janjié¢*, D. Milojkov®, D. Mutavdzi¢’, V. Zivkovi¢-Radovanovié, K. Radoti¢’, A.
Radosavljevi¢-Mihajlovi¢ °, V. Stani¢ °

“Institut za Hemiju, Tehnologiju i Metalurgiju, Univerzitet u Beogradu, NjegoSeva 12,
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Novi Sad, Srbija; “Institut za multidisciplinarna istraZivanja, Univerzitet u Beogradu,
Kneza Viseslava 1, 11030 Beograd, Srbija; “Hemijski fakultet, Univerzitet u Beogradu,
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Univerzitet u Beogradu, P.O. Box 522, Beograd, Srbija;
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Srebrom dopirani fluorapatiti (AgFAP) su sintetisani postupkom neutralizacije
(reakcija Ag,O rastvarenog u HF i H3PO, sa suspenzijom Ca(OH),). [1] Sintetisani
uzorci AgFAP imali su procentnu zastupljenost jona srebra ([Ag/(Ag + Ca)]-100%) od
0.001, 0.01 i 1%. Rendgenska difraktometrijska (XRD) analiza uzoraka FAP i AgFAP
pokazala je da su polozaji difrakcionih pikova sli¢ni i da su u skladu sa ASTM podacima
za fluorapatite (Slika 1). FAP kao materijal ima kristalnu resetku sa heksagonalnom
P65/m prostornom grupom, sa dva strukturno razli¢ita poloZaja Ca>* jona (Cal (4f) i Ca2
(6h) polozaji). FTIR and SEM analize pokazale su da su Cestice AgFAP uzoraka
homogene i nano-veli€ine.

Fluorescencija AgFAP uzoraka je pomerena ka zelenom regionu, u odnosu na
fluorescenciju FAP nanocestica (u ljubiCastom regionu vidljivog dela spektra). MCR-
ALS analize su pokazale formiranje dva maksimuma u AgFAP fluorescentnom spektru
(na 420 i 520 nm), kao posledica dopiranja Ag" jona u Cal (4f) polozaj FAP resetke
(Slika 1). Rezultati DFT proracuna su pokazali da je Ag" jon jate vezan u Cal polozaju
(-1352,6 kcal/mol) nego u Ca2 polozaju (-1249.0 kcal/mol).

Ispitivanja antibakterijskih aktivnosti su pokazale da svi uzorci AgFAP imaju
biocidni efekat na patogene, [1] dok samo AgFAP3 uzorak (1% Ag") moZe posluziti kao
nanomaterijala za zastitu od zracenja, kao i za pripremu fotoluminiscentnih dozimetara,
jer ovaj materijal apsorbuje fotone u celoj oblasti UV zracenja.

Rezultati ove studije ukazuju da su srebrom dopirani fluorapatitni
nanomaterijali pogodni za razli¢ite biomedicinske primene, kao antibakterijski

biomaterijali u ortopediji, stomatologiji i u precis¢avanje otpadnih voda.

Slika 1. XRD, emisiono-apsorpcioni spektri FAP, i dopiranje Ag” jona u Cal polozaj.
[1] V. Stani¢, A. Radosavljevi¢-Mihajlovié, V. Zivkovi¢-Radovanovié, B. Nastasijevic,

M. Marinovié-Cincovié, J. Markovi¢, M. Budimir Milica, App. Surf. Sci, 337 (2015) 72-
80.
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Silver doped fluorapatite (AgFAP) nanopowders were synthesised by
neutralization method (reaction of dissolving Ag,O in solution of HF and H;PO, with
suspension of Ca(OH),). [1] AgFAP samples were synthesized with atomic ratios of
[Ag/(Ag + Ca)]-100% of 0.001, 0.01 and 1%. The XRD patterns of FAP and Ag'-doped
FAP samples (Figure 1) are similar, with the positions of X-ray diffraction peaks in
accordance with ASTM data for fluorapatite. FAP as material has a crystal lattice with a
hexagonal symmetry space group P63/m, with two structurally different positions of Ca**
ion (Cal (4f) and Ca2 (6h) sites). FTIR and SEM analysis showed that the particles of
AgFAP samples are nano-sized and homogenous.

Fluorescence of AgFAP is red shifted to the green region compared to
fluorescence of FAP nanoparticles (in the violet region of visible part of the spectrum).
MCR-ALS analyses showed the formation of two maxima in AgFAP fluorescence
spectra (at 420 and 520 nm), as a consequence of Ag” ions doping at Cal (4f) site in the
FAP lattice (Figure 1). The results of DFT calculations showed that an Ag' ion is
stronger bonded to Cal site (-1352.6 kcal/mol) than to Ca2 site (-1249.0 kcal/mol).

Antibacterial studies have shown that all studied AgFAP samples exhibit
biocidal effect against pathogens, [1] while only AgFAP3 (1% of Ag") nanopowder
might be used as the radiation protective nanomaterial, as well as for preparation of
photoluminescence dosimeters, because this material absorbs photons over all part of the
UV radiation spectrum. The result of this study indicates that Ag-doped fluorapatite
nanomaterials are promising for different biomedical applications, as antibacterial

biomaterials in orthopedics, dentistry and in the purification of waste water.
1 XRD 250

Figure 1. The XRD patterns, excitation-emission profiles of FAPs, and Ag" ion doping at
Cal site.

[1] V. Stani¢, A. Radosavljevi¢-Mihajlovié, V. Zivkovi¢-Radovanovié, B. Nastasijevic,
M. Marinovié-Cincovié, J. Markovi¢, M. Budimir Milica, App. Surf. Sci, 337 (2015) 72-
80.
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CuFe;O4HAHOYECTUIE: BUCOKO-TEMIIEPATYPCKA
TETPAI'OHAJIHA U KYBHA ®A3A

B. H. Hukoauh®, M. M. Muauh®
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e-mail: violeta@vinca.rs

CuFe,04 paza npencrassba IpeIMeT HAYYHOT HCIIMTHBAMKba 300T TOTEHIMjaIHE
NPUMEHE y Pa3IMYUTUM 00JIaCTUMa MCTPaXkKHBama (EIeKTpoXeMuja, Karanusza). Y OBOj
cTynuju, y3opuu koju caapxe CuFe,0, u CuO HaHOYECTHIIE Cy MIPHUIIPEMIbEHH METOIOM
Ko-npenunuTammie. Ysopak S1 je nobujen memamem Cu’ u Fe’’comm mutpara y
momapHoMm ozxaocy 0.003 : 0.003, mox je y mpumpeMu y3opka S2 ydecTBOBaja
penykoBana kommumaa Fe'' joma (Cu®: Fe*'= 0.003 : 0.0024 wmonoBa). J{oGujern
MIPaxoBHU Cy MOJIBPTHYTH TPETMaHy JKapema Ha pa3InduTuM Temreparypama 1o 1100°C.
3a uCNINTHBamE CTPYKType M MOBPIIMHE MPHUIPEMIBEHUX Yy30paka Kopuiihene cy
texHuke qudpaxuuje X-3paka (XRD) u undpa upsena cnekrpockonuja ca PypujeoBom
tpancdopmanmjom (FTIR). XRD je nokazao na oba y3opka cagpxe CuFe,O; u CuO
a3y, mako ce CTpYKTypHa eBOJyLHMja y3opaka JelllaBa Ha pa3IMyuTe HauuHe.
Hexxapenu npax y3opka S1, kao u y3opka nobujeHor HakoH aHwiampama Ha 300 °C,
nokasyje npucyctBo 2L ¢epuxunpara. Ha BummMm Temmeparypama y30punu cajipike
CuFe,04 u CuO nanouecture, 1ok je Ha 1100 °C 3aBpmrena pasrpagma CuO daze, u
jemmra yodena ¢aza je CuFe,O, terparonamue (t) crpykrype. Ca mpyre crpase,
HEXXapeH! Tpax y3opka S2 mokasyje npucyctBo CuO y BHIIKY, Ka0 ¥ Malxy KOJUIHUHY
CuFe,04 daze. Xemujcku cactaB y3opaka S2 0CTaje UCTH TOKOM IIPUMEE-CHOT TPETMaHa
anmwpawa 1o 1100 °C, mako ce omHOC mpucyTHHX (a3a Mema ca BapupambeM
temnepatype anmwmpama. Ha 1100 °C je omaxeno npucyctBo CuFe,0, da3ze kydHe (c)
crpykrype. Ilomanu HaheHnm y nuTeparypu moOKasyjy Za ce CTPYKTYPHH Ipeia3 on
Hucko-Temmeparypcke t-CuFe,O4 daze mo Bucoko-temmeparypcke c-CuFe,O, dase
JienaBa yces npucycrsa Jan-TenepoBor edekra.

FTIR wncnutuBama cy omoryhuna neprumupame Fe-O Bese. OncyctBo Cu
BUOpalja ykazyje Ha HexoMmoreHy muctpuOynujy Cu joHa y y3opuuma, IITO
Ipe/CTaBJba decT NpoliieM ca KojuM ce cycpehy y3opuu Koju calp)e HaHOYECTHIIe
CHHTETHCAHE METOJIOM Ko-TIperunuTanyje. Pe3ynTaTtH NpHKa3aHd y OBOj CTYIOHjH
MOKa3yjy jeAHOCTaBaH HAYMH MPHIIPEMEe pa3NuIuTuX CTpyKTypHUX (aza CuFe,O, npu
HCTUM yCJOBUMa aHWIMpama. OmaxeHa IojaBa ce JelaBa Kao MOCIEAWIa BapHpama
koHueHTpaipje Cu joHa TOKOM MMoCTymKa cuHTe3e; npucycTBo Cu joHa y BUIIKY yOp3aBa
Jan-Tenepos edexar CuFe,0O4 cTpyKTYpHE KOHBEp3H]E.

Buonema Huxonuh ce 3axsamyje Mehynapoouoj yruju 3a xpucmanozpapujy
(IUCr) xoja je omocyhuna yuecmeosarse Ha 080j KOHGhepeHyuju.
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CuFe;04 NANOPARTICLES: HIGH-TEMPERATURE
TETRAGONAL AND CUBIC PHASE
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Sciences, University of Belgrade, Serbia
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CuFe,0,4 phase has been a subject of the scientific research due to its potential
various applications in different research areas (electrochemistry, catalysis). In this
study, samples containing CuFe,O4 and CuO nanoparticles were prepared by
coprecipitation method. Sample S; was obtained by mixing Cu®* and Fe®" nitrate salts in
the molar ratio 0.003 : 0.003, while sample S, comprised reduced amount of the Fe*"
jons (Cu®" : Fe** = 0.003 mol : 0.0024 mol). Obtained powders were subjected to the
annealing treatment at different temperatures up to 1100 °C. X-ray diffraction (XRD)
and Fourier-transform infrared spectroscopy (FTIR) measurements were employed to
investigate structure and surface of the prepared samples. XRD revealed that both
samples possess CuFe,O, and CuO phase, although structural evolution of the samples
occurred through different pathways. As-synthesized powder of the sample S1, as well
as a sample obtained after annealing at 300 °C, showed presence of 2-line ferrihydrite.
At higher temperatures samples contained CuFe,O, and CuO nanoparticles, while at
1100 °C degradation of the CuO phase is finished, and the only observed phase is
tetragonal (t) CuFe,O4. On the other hand, as-synthesized powder of the sample S2
showed presence of the CuO phase in access, and small amount of the CuFe,0O, phase.
The chemical composition of the sample S2 was the same under the performed annealing
treatment up to 1100 °C, although the ratio of the present phases has changed with
annealing temperature. At 1100 °C presence of the CuFe,O4 phase with cubic (c)
structure was observed. Literature data show that structural transition from the low-
temperature t-CuFe,O4 phase to the high-temperature c-CuFe,0O,4 phase occurres due to
the occurrence of the Jahn-Teller effect.

FTIR investigation enabled observation of Fe-O vibrational band. Absence of
the Cu vibrations points to the unhomogenous distribution of the Cu ions in the samples,
which is a common problem encountered in samples containing CuFe,O4 nanoparticles
synthesized by coprecipitation method. Results showed in this study demonstrated the
simple way to prepare different CuFe,O, structural phases under the same annealing
treatment. The observed feature occurred as a consequence of the Cu concentration
variations during the synthesis procedure; appearance of the Cu ions in excess
accelerated Jahn-Teller effect of the CuFe,0, structural transformation.

Violeta Nikoli¢ would like to thank International Union of Crystallography (IUCr) for
enabling participation in this conference.
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JBe nonumopdue moaudukanuje K;ErSi,O; cuHTeTHCAaHE Cy KpUCTANIN3alnjoM
u3 pacrona y3 mnomoh ¢uykca. IbuxoBe KpuCTalHe CTPYKType pelieHe Cy u3
mudpakunoHMX — mojaraka — JOOMjeHMX ~ Ha  MOHOKpucTaimy. [lomumopd 1
(a-daza) kpucranmume y HpOCTOpHO] rpymu P6s/mmc ca ciexpehum mnapameTpumMa
jemmunane hemuje: a = 5,75130(10), ¢ = 13,9960(3) A, ¥V'=400,928(16) A, Z=2, nok
nomumopd 2 (S-¢aza) Kpucramuiie y MpOCTOpHO] Tpymu Po6s/mcm ca mapamerpuma:
a=9,8338(2), c=142843(4)A, V=1196,28(6) A’, Z=6). a-basa mupencrapma
jemUmBee ca HOBUM CTPYKTYpHHM MojenoM M u3otumudHo je ca K;LuSi)O; [1].
Kpucranna crpykrypa S-dase je no3HaTa u OnMcaHa y UCTOM Pajy.

Hs3Bpiuena cy GoToryMHHECIIEHTHA

Mepema obe KpUCTaTHE haze.

B-dasa JlymunecueHmjy je mokasaia camo f-asa
(cnuka 1). Uarensurer nymunecueHnuje 41"
elleMeHara (eJeMEHTH pPETKUX 3eMalba)
ompehern je BepoBaTHOhOM  ENEKTPUIHO
“ JUIonHKX f-f mpenasza. Waxo cy f~f mpenasu
w a‘ SNCKTPUYHHUX JHUIONA eJeMEHAaTa pPEeTKHX
' I 3eMajba  W3pPHUYUTO  3a0pameHn  300r
\ I 0 M300pHUX MpaBWiIa MAPHOCTH, OHHU MOTY
S N e W MOCTaTH  JETUMHUYHO  JI03BOJbEHH  300T
SéO- SéD 660 650 S;O 6é0 EéO 760 72‘0 7'-‘10 TéD Memiamba Op6I/ITa‘Ha pa3J’II/I‘II/ITe HapHOCTH'

Tanacka ayiia (nm) OBo ce gemaBa y CTpyKTypama y KojuMa
JOHHU elleMeHaTa PETKHUX 3eMasba 3ay3uMajy
[OJIOXKAje KOjU HEeMajy IIEHTap CHMETpHje
(uenrap unBepsuje) [2].

Y a-¢a3sm mocroju camo jenaH

WHTEH3UTET (a.L)

a-¢daza

MHTEH3UTET (a.u)
=

e JjeanHCTBEHHM Nookaj aroma epoujyma Er(1)
550 560 600 620 640 660 630 700 720 740 780 ca CI/IMeTpI/IjOM Im (D34), Iox y ,5"1)3314
Tanacwa ayva (m) MOCTOje J[Ba jEJMHCTBEHA IOJIOXKAja aToMa

epbujyma, Er(1) u Er(2), ca cumerpujama 32
(D3) u &m2 (D3,). Er(1) u Er(2) nonoxaju
HEMajy IIeHTap CHUMeTpHje. YTpaBo 300T
Tora f3-asa mokasyje JJyMHHECIICHIIH]Y.

Cnukal. JlyMuHECIEHTHH CHIEKTap 3a
[-thazy u a-dazy.

[1] L. Vidican, M. Smith, H. zur Loye, J. Solid State Chem., 170 (2003) 203-210.
[2] G. Blasse, B.C. Grabmaier, ,,Luminescent Materials”, Springer Verlag, Berlin, 1994.
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Intensity (a.u.)

Intensity (a.u.)

Two polymorph modifications of K;ErSi;O; were synthesized by high
temperature flux crystal growth and their crystal structures were determined by single-
crystal X-ray diffraction analysis. Polymorph 1 (a-phase) crystallizes in the space group
P6s/mmc with following unit cell parameters, a=15.75130(10), c=13.9960(3) A,
V' =400.928(16) A®, Z=2, while the polymorph 2 (f-phase) crystallizes in space group
P63/mem with larger unit cell (a=9.8338(2), c=14.2843(4) A, V=1196.28(6) A°,
Z = 6). a-phase is a compound with new structure model and isotypic with K;LuSi,0,
[1]. Crystal structure of f-phase is known and described by Vidican and co-authors [1].
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Figurel. Luminescence spectra of
p-phase and a-phase.

The photoluminescence properties
of both crystals were investigated. Only -
phase shows luminescence (Fig. 1).
Luminescence intensity in 4/" elements (rare
earth elements) is determined by the
probability of electric-dipole f-f transitions.
Although f+f electric-dipole transitions in
rare earth ions are strictly forbidden due to
parity selection rule, they can become
partially allowed due to the mixing of the
orbitals of opposite-parity. This happens in
structures in which rare earth ion occupies
site that does not have inversion symmetry
element [2].

In a-phase there is only one unique
erbium site Er(1) with symmetry 3m (Dsy),
while in p-phase there are two unique
erbium sites, Er(1) and Er(2), with
symmetries  32(D;) and Bm2 (Ds),
respectively. Er(1) and Er(2) ions in S-phase
do not have an inversion symmetry element.
Therefore only p-phase is luminescence
active.

[1] L Vidican, M. Smith, H. zur Loye, J. Solid State Chem., 170 (2003) 203-210.
[2] G. Blasse, B.C. Grabmaier, ,,Luminescent Materials”, Springer Verlag, Berlin, 1994.
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[To3Hata je KpuCTanHa CTPYKTypa camo jeaHe moauMopbHe Moaudukaimje
jemumema K;YbSi,O; (o-da3za), koja je crabuiHa Ha COOHOj TeMIeparypud H
KPUCTAJIMIIIE Y XCEKCAaroHaJgHOj MpOCTOpHO] Tpymu P6i/mem (a=9,78190(10),
c=142401(3) A, V'=1180,02(3) A’>, Z=6) [1]. MomudukoBameM ycioBa CHHTE3E
nobujeHa je Hoa mosimmopdHa Moaudukaija (B-dasza) yuja je KpUCTaIHA CTPYKTypa
peuieHa U3 AU(PPAKIUOHUX MOAATAKA Ha MOHOKPHCTATY MOMONY MUPEKTHHX METOAa U
yTaumeHa y TIPOCTOpHOj Tpymu P6i/mme (a=5,7274(5), c=13,9339(15) A,
V=39584(7)A’, Z=2). VYraumasamem 20 mnapamerapa moGujeHe cy cuenche
BpenHoctd R-dakropa: R; =0,014 u wR,=0,034 3a cBux 188 pednekcuja xao u
R; =0,013 1 wR,=0,033 3a 170 pedmexcujacal >20()u S = 1,19.

Ca cHmKemeM Temrneparype -dasa ce Tpancopmuie y f'-dasy umja je kpucranHa
CTPYKTypa pemeHa u3 AudpakmuoHUX momaTaka npukymbeHux Ha 100 K momohy
OUPEKTHUX MeToJa M YyTaulbeHa Yy MOHOKIMHHYHO] IPOCTOpHOj TIpynu P2,
(a=5,7066(9), b=13,8862(14), c¢=5,712009) A, p=119,098(2)°, V=39551(5) A%,
Z=2). YraumaBameMm 85 mapamerapa jgodujeHe cy ciuenche Bpemnoctu R-(akropa:
R; = 0,040 u wR, = 0,070 3a cBux 1242 pedaekcuje kao u R; = 0,035 u wR, = 0,065 3a
1093 pednexcuje ca [>20(l) mu S =1,071. Kpucran p'-dpaze uma Tpu npubImKHO
jenHako 3actymsbeHe OnmsHe muamBunye (BASF1 = 0,313(8), BASF2 = 0,314(9),
BASF3 = 0,373(9)) koje cy cuMmeTpHjcKH IoBe3aHe poranujoMm on 120° myx mpasia
[010]. Uspaxen edekaT nceynocumeTpuje (rceynooca Tpeher pena mapajenHa MpaBILy
[010] u mceymorieHTap CUMETpHj€) OAPa3UO Ce Ha CTAOWIIHOCT yTauymaBama, a MOCeOHO
Ha yTaumbaBambe AHW30TPONHMX Mapamerapa IoMepama aroMma. 3aTo Cy BPEIHOCTH
AQHM3O0TPOITHUX ITapamMeTapa IoMepama HEKHX aToMa OTpaHUYeHe 1a Oy oy jeHaKe.

MoryhHoct nocrojama ¢asnor mpenaza f — B' y K;YbSi,0; youena je Toxom
MarHeTHHX Mepema. 3a pasiuKy Of CTPYKTYPHO M XEMHjCKH CIMYHHX IUCHIIMKATa W3
rpyne Na;LnSi,O; (Ln = Sm, Ho, Yb), koju nokasyjy camo nmapamarserusam (0JCyCTBO
MarHeTHHX MHTepakiuja), Mepeme marHerusauuje K;YbSi,0; y untepany 5 - 300 K
NOTBPIIIO je TOCTOojame MarHeTHOr ypehema Ha Temmeparypama HimkuMm on 150 K.
CHumame xucTepesucHe netjbe Ha 5 K mokasasno je 1a 1o ypeheme uma JOMHHAHTHO
aHTH()EpOMArHETHH KapakTep y3 MPUCYCTBO ciabe KBa3W-IIapaMarHeTHE KOMIIOHEHTE.
TakBa kapakrepuctuka Hajuemhe ce Besyje 3a ypehema ca peayKkoBaHOM
muMmeHsnoHanHomhy (ypeheme y okBupy meljycoOHO HemHTeparyjyhux OeckoHaYHHX
JaHala WM PaBHM), Kao U 3a T3B. MAarHETHO (hpyCTPHpaHE CHCTEME.

[1] I. Vidican, M. D. Smith, H.-C. zur Loye, Journal of Solid State Chemistry, 170
(2003) 203-210.
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CRYSTAL STRUCTURE OF B-K3YbSi,O7 AT 298 AND 100 K

P. Dabié¢ ®, V. Kahlenberg °, S. Kova¢ ? J. Blanu$a ¢, Lj. Karanovi¢ *, A.
Kremenovié¢*

“ Faculty of Mining and Geology, University of Belgrade, Pusina 7, 11000 Belgrade,
Serbia;” Institute of Mineralogy and Petrography, University of Innsbruck, Innrain 52,
A-6020 Innsbruck, Austria;, *INS Vinca, University of Belgrade, PO Box 522, 11001
Belgrade, Serbia

e-mail: predrag.dabic@rgf.bg.ac.rs

The crystal structure of one modification of K3YbSi,0;is known for quite some time.
This so-called o-phase crystallizes in the hexagonal space group P6;/mcm
(a=9.78190(10), ¢ =14.2401(3) A, V=1180.02(3) A*, Z=6) [1]. By modifying the
synthesis conditions, another polymorph (B-phase) was obtained in the form of single-
crystals whose crystal structure was determined fromdiffraction data by direct methods
and refined in space group P6sy/mmc (a=5.7274(5), c¢=13.9339(15)A,
V=395.84(7) A’, Z=2). The refinement on F° with 20 parameters and 188 unique
reflections yielded R; = 0.014 and wR,=0.034 as well as R; =0.013 and wR,=0.033
for 170 observed reflections with / > 2¢(I) and a goodness-of-fit S = 1.19.

By lowering the temperature, the polymorph B transforms into the so-called 3'-phase,
the crystal structure of which was determined from diffraction data collected at 100 K
using direct methods and subsequently refined in the monoclinic space group P2,
(a=5.7066(9), b=13.8862(14), ¢=5.712009) A, f=119.098(2)°, V=239551(5) A’,
Z=2). The refinement on F° with 85 parameters and 1242 unique reflections yielded
R; =0.040 and wR,=0.070 as well as R; = 0.035 and wR, = 0.065 for 1093 observed
reflections with />20(I) and S = 1.071. The crystals of the p'-phase are twinned. The
three twin individuals have almost equal volume fractions (BASF1 = 0.313(8), BASF2 =
0.314(9), BASF3 = 0.373(9)) and are related by a rotation of 120° along [010]. The
pronounced effect of pseudo-symmetry (threefold pseudo-axis parallel [010] and
pseudo-center of symmetry) reflected on the refinement stability and particularly on the
anisotropic atomic displacement parameters. Therefore, the values of some of the
corresponding tensor components had to be restrained to be equal for some of the atoms.

The possible existence of the P — ' phase transition in K;YbSi,O; was also
observed during magnetic measurements. Unlike the disilicates from the series
Na;LnSi,O; (Ln = Sm, Ho, Yb) that are structurally and chemically similar to
K3YbSi,0;, which show only paramagnetism i.e. absence of magnetic interactions, the
measurement of the magnetization for K;YbSi,O; between 5 and 300 K confirmed the
existence of a magnetic ordering below 150 K. A hysteresis loop at 5 K showed that this
ordering has a predominantly antiferromagnetic character in the presence of a weak
quasi-paramagnetic component. Such a characteristic is usually associated with ordering
phenomena in reduced dimensionalities (arrangement within interconnected infinite
chains or planes) or is observed for the so-called frustrated magnetic systems.

[1] L. Vidican, M. D. Smith, H.-C. zur Loye, Journal of Solid State Chemistry, 170
(2003) 203-210.
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DA3HA AHAJIM3A OTHAJHUX MYJ/bHUX IIOI'AYA U3
INTPOLECA BPYHIEIBA U IIOJIMPAIBA CTAKJIA

M. IIBernnos’, M. CrojanoBuh®

* Vuusepsumem y Hosom Cady, Ipupoono-wamemamuuru paxyimem, Tpe [HJocumeja
Obpaodosuha 4, Hosu Cao, Cpbuja
e-mail: miroslav.cvetinov@df.uns.ac.rs

CrBapame OTHagHe MYJbHE MOrade je Heu30ekaH €0 HHAYCTPHjCKOT Mpoleca
nojvpama M Opymema crakia. MysbHa noraya ce KOPUCTH Kako OM ce JEeITMMHUYHO
3aMEHHO IIEMEHT y CMeliaMa 3a OeTOH, pH yeMy ce 00e30elyje 1 3HaYajHO MOOOoIbIIAE
MEXaHUUYKHX KapakTepucTuka 6eroHa [1]. Takohe, kao Haj3acTyIJbeHH]a PETKa 3eMJba U
areHc 3a (UMHO MOJHpame y MHAYCTpHjU oOpasne crakia, uepujym okcua (CeO,) ce
peuuKIupameM A001ja U3 OTHaJHE MyJbHE MOraye HacTalle HAaKOH MOJIHParba, P 4eMy
My ce nmomaTHo penykyje mena [2]. CacTtaB crakia, aguThBa W aOpasuBa IeUHUIIC
caapkaj MyJpHe mmorade. Kako pacte ymeo ocranmmx eneMeHaTra y Jaroj] aOpa3uBHOj
CMEIIIH, TaKO Ce CMamyjy HheHa abpa3uBHA CBOjCTBA CBE JO MOMEHTA JIOK HE IMOCTaHE
MOTIIYHO HEYNOoTpeOJbUBa.

Kako 6m ompemnimm Qa3Hm cacTtaB, JBa y30pKa Cy HCIHTaHa METOJOM DPEHATEHCKE
mudpakinuje Ha mpaxy: OTmajHa MyJbHA Iorada JoOujeHa HakoH Opylema CTakia
(Cnuka 1(a)) xao u oHa toOujeHa HaKOH Hojmpama crakia (Ciouka 1(b)).
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Cnuka 1. JJudpakrorpam X-3paka oOTHmagHe MyJbHE Morave noOWjeHe HAKOH: (a)
Opymierma cTakia u (0) mojupama CTakiia

CacraB oTnajgHe MyJbHE TIoraue godujene OpymemeM crakia je: 93% CHIMKaTHO CTaKIIo
(amopdun SiO;) u 7% xanuut (CaCOs). MysbHa morada JoOMjeHa HaKOH IOJHpama
crakia ce cacrtoju o CeO, u CeO,xoju ce hopmupa mpu temneparypu ox 600°C kamga
nmonasu no aenuMudae penykauje CeO, [3]. O0e MyJbHE Torade cy ajeKBaTHa CHPOBHHA
3a Jajbe yrmoTpede: Mpou3BOamHY OETOHA H PEIUKITHPAILE.

[1] G.M. Sadiqul Islam, M.H. Rahman et al, Int J Sust Built Environ, 6,1 (2017) 37-44

[2] J. Lucas, P. Lucas, et al, Rare Earths, (2015) 191-212
[3] G. Montes-Hernandez, R. Chiriac et al, Mat Chem Phys, 172 (2016) 202-210
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PHASE ANALYSIS OF WASTE SLURRIES OBTAINED AFTER
GLASS GRINDING AND POLISHING PROCESS

M. Cvetinov®, M. Stojanovi¢ *

“ University of Novi Sad, Faculty of Sciences, Trg Dositeja Obradoviéa 4, Novi Sad,
Serbia

e-mail: miroslav.cvetinov@df.uns.ac.rs

Waste glass slurry, inevitable and abundant by-product of industrial glass grinding and
polishing processes, is widely used as a cement additive and recyclable source of rare
earth metals. As a partial replacement of cement in concrete, waste glass slurry provides
significant strength gains in comparison to traditional concrete [1]. Moreover, as the
most abundant rare earth metal and fine polishing agent in glass processing industry,
cerium oxide (CeQO,) can be recycled from waste glass slurry obtained after glass
polishing, further reducing its cost [2]. Compositions of glass, additives, flocculants and
abrasives, define content of glass waste slurry. Enrichment of the abrasive with other
elements weakens its abrasive power, rendering it unusable after some time.

In order to analyse contents of waste slurries obtained after: industrial glass grinding
process (Fig.1(a)), and industrial glass polishing process (Fig.1(b)) we employed the
method of X-ray diffraction.
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“W‘ﬁ‘ \M WM WW M’“WW" MWWMWMW | v | |

 —— R YLV S NI, W W,V
‘\,‘ T T TPV = ", I ‘ % | 5 % L
an
(a) (b)

Figure 1. X-ray diffractograms of waste slurries obtained after: (a) glass grinding process
and (b) glass polishing process

Waste glass slurry obtained after grinding process was determined to consist of 93 wt.%
amorphous silica (SiO;) and 7 wt.% calcite (CaCO;). Waste glass slurry obtained after
polishing process was composed of CeO, and CeO,,, which is formed at about 600°C
when partial reduction of CeO, takes place [3]. Both waste glass slurries are adequate
materials for further uses: concrete production and recycling.

[1] G.M. Sadiqul Islam, M.H. Rahman et al, Int J Sust Built Environ, 6,1 (2017) 37-44

[2] J. Lucas, P. Lucas, et al, Rare Earths, (2015) 191-212
[3] G. Montes-Hernandez, R. Chiriac et al, Mat Chem Phys, 172 (2016) 202-210
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KPUCTAJIN3AOUMOHHU MOCT

H. Jaunmnopuh®, Jb. Kysmauosuh®, M. Muinomesuh®, A. Januhujesuh”, M.
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Y npuHOMIY, MOHOKPHCTaJM MOTYy nAa Oyay J0OWjeHHM KpHCTaM3aldjoM
U3 YBpPCTE, TCUHE WM TacoBuTe (ase. Y MHOIMM CIy4ajeBUMa MOHOKPUCTAIH CY
IOOMjeHN pacTOM M3 PAcTola, KOjU je y CYIITHHH XJaljereM KOHTponmcaH pact [1].

VY mperxomHOM pamy [2] ommcamum cMo MoneNn BasOyIIHO XxialjeHe IeBU ca
HHM30M [OKpPETHHX MpcTeHoBa ("KpHCcTalu3aluoHa Kiyna"') Koja je WHCTalupaHa y
naboparopujckoj ITHHAPUYHOj iehu. OBlie cMO onucaiy MoO0JbIIAKBE YHYTPAIIEOCTH
XJafmaKa, Tj. Ba3AyIIHO XjaeHe [eBM ca TMOKPETHHM "XJagHUM mparoBuma'
("kpucrammzammonn wmoct") (Cn.l). IloOosbliaHu XJIaAmak je jeIHOCTABHHjH 3a
u3rpajmby M pyKoBame, W omoryhaBa peryiucame paziMYuTHX IyTakba M Op3uHa
Ba3NyIlIHE CTpYje, Tj. Op3uHa KpUcTanu3anuje. Xiaamak oMoryhasa jgaky peryianujy u
CHMYJITAHE TECTOBE PAa3IMYMTHX KPHCTAIM3ALMOHUX Mapamerapa W KpUCTAIH3aLHjy
CyIICTaHIH Y 1ab0opaTopHjcKoj MITMHAPUIHO] Tehu.
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Cauka 1. Kpucramuzaumonun wmocrt. (1) mabopartopujcka nmnmHzapuuna neh, (2)
BaznymHo xnahena nes ("xmaman moct"), (3) knu3ajyha mivHa, (4) MOKPETHH "XJIaaHU
nparosu”, (5) rpyna TamanoBux TecT enpyBera (6) rmokpetHu "xianHu yernoBu ", u (7)
THIIL

WHaTepBan Op3uHe KpUCTaIH3alHje Y CBakoj TaMaHOBO] TECT €PYBETH U THTITY
MOJKe J1a Oyzae perymucaH moMohy mompedHor mpeceka Ba3AyIlHe cTpyje a. I'pamujeHt
TeMIepaType Moxe 1a Oyae perymucaH momohy pacrtojama m3Mmel)y Ba3aymHo xiaheHe
ueBu U 3uza nehu d. VM3senene cy 1 HyMepuuKy aHajIu3upaHe penaiuje uzmely op3une
KpUCTAJIM3aLMje U ITapaMeTapa Ba3AyIIHO XjIal)eHe LeBH.

[1] K. Th.Wilke, J. Bohm, Kristallziichtung , Verlag Harri Deutch, Thun Frankfurt/Main,
1988.
[2] B. Cabric, A. Janicijevic, N. Danilovic, Crystallography Reports.,58 (2013) 198-200
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CRYSTALLIZATION BRIDGE

N. Danilovi¢®, LJ. Kuzmanovi¢*, M. Milosevi¢?*, A. Janiéijevi¢”, M.Bralovi¢*

“Faculty of Sciences , University of Kragujevac , Radoja Domanovica 12 ,34000
Kragujevac, Serbia, " Faculty of Technology and Metallurgy, University of Belgrade,
Karnegijeva 4, 11000 Belgrade, Serbia
e-mail: nebojsadanilovic0l@gmail.com

In principle monocrystals can be obtained by crystallization from solid, liquid
or gas phases. In many cases monocrystals are obtained by growing from the melt, which
is in essence a controlled cooling growth [1].

In previous paper [2] we have described a model of an air cooled tube with a
series of movable rings ("crystallization bench") installed in a laboratory tube furnace.
Here we describe the improvement of the interior of the cooler, i.e. an air-cooled tube
with movable "cold thresholds" ("crystallization bridge") (Fig. 1). The improved cooler
is simpler to build and handle, and enables regulation of different paths and rates of
airstream, i.e. crystallization rates. The cooler allows easy regulation and simultaneous
tests of different crystallization parameters and crystallization of substances in laboratory
tube furnace.
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Figure 1. Crystallization bridge. (1) laboratory tube furnace, (2) air cooled tube ("cold
bridge"), (3) slide bar, (4) movable "cold thresholds", (5) group of Tamman test tubes
(6) movable "cold plugs", and (7) crucible.

The crystallization rate interval in each Tamman test tube and crucible can be
regulated by the cross section of the airflow a. The temperature gradient can be regulated
by the distance between air cooled tube and wall of the furnace d. The relationships
between the crystallization rate and parameters of air-cooled tube are derived and
numerically analyzed.

[1]1 K. Th.Wilke, J. Bohm, Kristallziichtung , Verlag Harri Deutch, Thun Frankfurt/Main,
1988.
[2] B. Cabric, A. Janicijevic, N. Danilovic, Crystallography Reports., 58 (2013) 198-200
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Dr Dejan Poleti
(1952 - 2017)

Novembra 2017. godine iznenada je preminuo na$§ uvazeni profesor, kolega i prijatelj
Dejan Poleti. Tokom svoje plodonosne pedagoske i naucne karijere, Dejan Poleti dao je
izuzetno veliki doprinos u oblasti neorganske hemije i kristalografije. Osta¢e upamcen u
javnosti kao predan radu i s punim zalaganjem posveéen svom poslu, izvanredan
profesor i uspesan nauc¢nik, Castan i vredan covek.

Dejan Poleti roden je 30. jula 1952. godine u Beogradu. Diplomirao je 1976,
magistrirao 1980. i doktorirao 1988. godine na Tehnolosko-metalurskom fakultetu
Univerziteta u Beogradu. Od 1976. do 1989. godine bio je asistent-pripravnik i asistent,
zatim docent, od 1994. godine vanredni profesor, a od 2003. godine redovni profesor na
Tehnolosko-metalurskom fakultetu u Beogradu. Izvodio je nastavu na slede¢im
predmetima: Opsta hemija, OpSta hemija I i II na osnovnim akademskim studijama;
Hemija cvrstog stanja, Odabrana poglavlja instrumentalne analize i Primenjena
kristalografija na postdiplomskim studijama. Bio je autor i koautor dva udzbenika
(,,Opsta hemija, II deo, hemija elemenata” i ,,Rendgenska strukturna analiza”), kao i vise
praktikuma i zbirki zadataka iz Opste hemije. Autor je prirucnika za upotrebu Bruker
difraktometra za monokristale ,,4 Beginner's Guide to the Bruker AXS Pack”.

Dejan Poleti je bio mentor sedam doktorskih disertacija, pet magistarskih teza i Cetiri
diplomska rada. Dobitnik je medalje Srpskog hemijskog drustva za pregalastvo i uspeh u
hemiji 1991. godine.

U svom nau¢nom radu Dejan Poleti se bavio istrazivanjima iz oblasti sinteze i
karakterizacije kompleksnih jedinjenja, hemije ¢vrstog stanja i nauke o materijalima
(spineli, pirohlori, oksidi, kompoziti, minerali). Istrazivanja su, pre svega obuhvatala
strukturna ispitivanja monokristalnih i polikristalnih materijala metodama rendgenske
strukturne analize. Objavio je preko 140 naucnih radova u medunarodnim casopisima i
vise od 160 naucnih saopstenja, odrzao je 6 plenarnih predavanja u zemlji i inostranstvu,
objavio 20 stru¢nih radova u casopisima za popularizaciju hemije. Ucestvovao je u
nekoliko medunarodnih projekata i oko 20 projekata iz oblasti osnovnih i primenjenih
istrazivanja finansiranih od strane odgovarajuéeg ministarstva Republike Srbije.
Ostvario je saradnju sa brojnim istraziva¢ima u zemlji i inostranstvu.

Dejan Poleti je bio aktivan ¢lan Srpskog kristalografskog drustva, gde se nalazio na
funkciji potpredsednika u periodu od 1995. do 2004. godine. Takode je bio ¢lan
Mati¢nog nauc¢nog odbora za hemiju, ¢lan Srpskog hemijskog drustva i ¢lan Upravnog
odbora Srpskog hemijskog drustva. U okviru svoje delatnosti na Tehnolosko-
metalurskom fakultetu, Dejan Poleti je aktivno ucestvovao u radu razli¢itih komisija, bio
je ¢lan Saveta fakulteta i obavljao je duznost Sefa Katedre za opStu i neorgansku hemiju.






Dr. Dejan Poleti
(1952 - 2017)

In November 2017, our esteemed professor, colleague and friend Dejan Poleti
suddenly passed away. During his productive pedagogical and scientific career, Dejan
Poleti gave an exceptional contribution in the field of inorganic chemistry and
crystallography. With his full dedication for work, he will be remembered as a
remarkable professor and successful scientist, but above all, for being an honorable and
hard-working man.

Dejan Poleti was born on July 30, 1952 in Belgrade. He graduated in 1976, got
master degree in 1980 and PhD in 1988 at the Faculty of Technology and Metallurgy,
University of Belgrade. Before becoming the full professor at the Faculty of Technology
and Metallurgy in 2003, he was the teaching assistant (1976—1989), assistant professor
(1989-1994) and associate professor (1994-2003). He gave the following courses:
General Chemistry, General Chemistry 1 and Il in academic studies; Solid State
Chemistry, Selected Chapters of Instrumental Analysis and Applied Crystallography in
postgraduate studies. He was the author and the co-author of two textbooks ("General
Chemistry, Part II, Chemistry of Elements" and "X-ray Structural Analysis"), as well as
of several practices and workbooks of General Chemistry. He wrote the manual for the
Bruker diffractometer for single crystals "4 Beginner's Guide to the Bruker AXS Pack".

Dejan Poleti was the supervisor of seven doctoral dissertations, five master theses
and four graduate theses. He won the Medal of the Serbian Chemical Society for zeal
and success in chemistry in 1991.

In his scientific work Dejan Poleti was an expert in the field of synthesis and
characterization of complex compounds, solid state chemistry and material science
(spinels, pyrochlorines, oxides, composites, minerals). His research included the
structural analysis of mono- and polycrystalline materials by X-ray structural analysis.
He published over 140 scientific papers in international journals and over 160
conference publications, held 6 plenary lectures in Serbia and abroad, published 20
papers in journals on chemistry popularization. He participated in several international
projects and around 20 projects in the field of basic and applied research funded by the
Ministry of the Republic of Serbia. He collaborated with numerous researchers in the
country and abroad.

Dejan Poleti was an active member of the Serbian Crystallographic Society, where he
held the position of vice-president from 1995 to 2004. He was also a member of the
Scientific Committee for Chemistry, a member of the Serbian Chemical Society and a
member of the Board of the Serbian Chemical Society. As part of his work at the Faculty
of Technology and Metallurgy, Dejan Poleti actively participated in the work of various
commissions, he was a member of the Faculty Council, and he was the Head of the
Department of General and Inorganic Chemistry.





