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DYNAMIC SINGLE CRYSTALS

P. Naumov
New York University Abu Dhabi, Abu Dhabi, United Arab Emirates

e-mail: pance.naumov@nyu.edu

Elastic materials that are capable of stimuli-responsive mechanical reconfiguration
are indispensable for fabrication of mechanically tunable elements for actuation and
energy harvesting, including flexible electronics, artificial muscles, and microfluidic
elements. The advanced materials that will qualify for these applications in the future
must fulfill an extended list of requirements including reversibility, rapid and
controllable mechanical response that is proportional to the applied stimulus, and
extended lifetime without fatigue. Elastic properties are counterintuitive for single
crystals of molecular materials which are normally perceived as stiff and brittle entities.
The growing realization that bending, curling, twisting, jumping and other mechanical
effects of single crystals are surprisingly common has inspired researchers to control
crystal motility for actuation.

[1] M. Panda, S. Ghosh, N. Yasuda, T. Moriwaki, G. Dev Mukherjee, C. M. Reddy, P.
Naumov, Nature Chem., 7 (2015) 65-72.

[2] M. Panda, T. Runcevski, S. C. Sahoo, A. Belik, N. K. Nath, R. Dinnebier, P.
Naumov, Nature Commun., 5 (2014) 4811.

[3] N. K. Nath, M. Panda, S. Sahoo, P. Naumov, CrystEngComm, 16 (2014) 1850-1858.
[4] R. Medishetty, A. Husain, Z. Bai, T. Runéevski, R. E. Dinnebier, P. Naumov, J. J.
Vittal, Angew. Chem., Int. Ed., 53 (2014) 5907-5911.

[5] N. K. Nath, L. Pejov, S. Nichols, C. Hu, N. Saleh, B. Kahr, P. Naumov, J. Am. Chem.
Soc., 136 (2014) 2757-2766.

[6] S. C. Sahoo, M. K. Panda, N. K. Nath, P. Naumov, J. Am. Chem. Soc., 135 (2013)
12241-12251.

[7] P. Naumov, S. C. Sahoo, B. A. Zakharov, E. V. Boldyreva, Angew. Chem., Int. Ed.,
52 (2013) 9990-9995.

[8] S. C. Sahoo, S. B. Sinha, M. S. R. N. Kiran, U. Ramamurty, A. Dericioglu, C. M.
Reddy, P. Naumov, J. Am. Chem. Soc., 135 (2013) 13843-13850.
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KOMPLEKSI d | f ELEMENATA SA (NE)SUPSTITUISANIM
DIPIRIDO[3,2-a:2",3'-cC]FENAZINSKIM LIGANDIMA

A. Savi¢
Hemijski fakultet, Univerzitet u Beogradu, 11 000 Beograd, Srbija

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

Rosenberg-ovo otkri¢e cisplatine oznacilo je po¢etak modernog doba u le¢enju
tumora pomocu lekova koji u svojoj strukturi sadrze metal. Od tada je sintetisano
na hiljade kompleksa platine u pokusaju da se dobije jedinjenje koje ¢e ispoljavati
vecu selektivnost i aktivnost prema ¢elijama tumora. Mali broj ovih jedinjenja je
usao u klinicku upotrebu, najvise zbog njihovih ogranic¢enja i sporednih efekata
kao §to su povracéanje, nefro-, neuro- i ototoksi¢nost [1,2]. U toku poslednje dve
decenije, brojna istraZivanja pokazuju da je fototerapija dobra alternativa
hemioterapiji. Veliki broj rutenijumskih kompleksa je sintetisan u potrazi za
jedinjenjem koje bi bilo pogodno za ovaj nacin leenja [3,4].

Luminiscentna svojsta Ln(IIl) jedinjenja [5,6], naroéito onih koji ispoljavaju
emisiju u bliskom infracrvenom regionu od izuzetnog su znacaja za biolosku
primenu ovih jedinjenja. Ovo je veoma znacajno, posebno za relativho nova
ispitivanja lantanoidnih kompleksa, koja se odnose na njihovu fotocitotoksi¢nost.
U tom smislu, ogromni napori se ulazu za dizajniranje relativno stabilnih
kompleksa d i f elemenata, koji se mogu koristiti u fototerapiji.

[1] H. P. Varbanov, M. A. Jakupec, A. Roller, F. Jensen, M. Galanski, B. K. Keppler, J.
Med. Chem., 56 (2013) 330-344.

[2] N. J. Wheate, S. Walker, G. E. Craig, R. Oun, Dalton Trans., 39 (2010) 8113-8127.
[3] C. Gaiddon, P. Jeannequin, P.Bischoff, M. Pfeffer, C. Sirlin, J. P. Loeffler, J. Pharm.
Exp. Ther., 315 (2005) 1403-1411.

[4] X. Meng, M. L. Leyva, M. Jenny, I. Gross, S. Benosman, B. Fricker, S. Harlepp, P.
Hébraud, A. Boos, P. Wlosik, P. Bischoff, C. Sirlin, M. Pfeffer, J. Loeffler, C. Gaiddon,
Cancer Res., 69 (2009) 5458-5466.

[5] S. V. Eliseeva and J.-C. G. Biinzli, Chem. Soc. Rev., 39 (2010) 189-227.

[6] K. Binnemans, Chem. Rev., 109 (2009) 4283-4374.
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COMPLEXES OF d AND f ELEMENTS WITH
(UN)SUBSTITUTED DIPYRIDO[3,2-a:2',3'-cC]PHENAZINE
LIGANDS

A. Savié
Faculty of Chemistry, University of Belgrade, 11 000 Belgrade, Serbia

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

A modern era of metal-based anticancer drugs started with Rosenberg's
discovery of cisplatin. Since then thousands of platinum complexes have been
synthesized in an attempt to discover more selective and more active anti-tumour
drugs. Only a small number of these compounds have entered clinical practice,
mostly because of their main limitations and side effects such as vomiting,
nephro-, neuro-, and ototoxicity [1,2]. During the last two decades, numerous
studies have shown that phototherapy is a promising alternative to chemotherapy.
A large number of ruthenium complexes were synthesized in the quest of finding
the compounds suitable for phototherapy [3,4].

One of the most fascinating aspects of trivalent lanthanides is their unique
luminescence properties [5,6]. Several of them show NIR emission, making them
significant in the aspect of biological applications This is very important
especially for the relatively new investigation of lanthanide complexes, related to
their photocytotoxicity. In that sense, the enormous efforts are invested in the
design of relatively stable complexes of d or f elements, which can be activated
upon light irradiation.

[1] H. P. Varbanov, M. A. Jakupec, A. Roller, F. Jensen, M. Galanski, B. K. Keppler, J.
Med. Chem., 56 (2013) 330-344.

[2] N. J. Wheate, S. Walker, G. E. Craig, R. Oun, Dalton Trans., 39 (2010) 8113-8127.
[3] C. Gaiddon, P. Jeannequin, P.Bischoff, M. Pfeffer, C. Sirlin, J. P. Loeffler, J. Pharm.
Exp. Ther., 315 (2005) 1403-1411.

[4] X. Meng, M. L. Leyva, M. Jenny, |. Gross, S. Benosman, B. Fricker, S. Harlepp, P.
Hébraud, A. Boos, P. WiIosik, P. Bischoff, C. Sirlin, M. Pfeffer, J. Loeffler, C. Gaiddon,
Cancer Res., 69 (2009) 5458-5466.

[5] S. V. Eliseeva and J.-C. G. Bunzli, Chem. Soc. Rev., 39 (2010) 189-227.

[6] K. Binnemans, Chem. Rev., 109 (2009) 4283-4374.
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MERGING STRUCTURAL INFORMATION FROM
X-RAY CRYSTALLOGRAPHY, QUANTUM CHEMISTRY AND
EXAFS SPECTRA: THE OXYGEN EVOLVING COMPLEX IN
PSII

P. Chernev ? I. Zaharieva ® E. Rossini °, A. Galstyan ®, H. Dau ?, E.-W. Knapp "

% Freie Universitat Berlin, Department of Physics, D-14195 Berlin, Germany; ° Freie
Universitat Berlin, Department of Physics, D-14195 Berlin, Germany
e-mail: knapp@chemie.fu-berlin.de

Structural data of the oxygen evolving complex (OEC) in PSII determined by X-ray
crystallography, quantum chemistry (QC) and extended X-ray absorption fine structure
(EXAFS) analysis are presently inconsistent. Therefore, a detailed study of what
information can be gained about the OEC through a comparison of QC and
crystallographic structure information combined with the information from range-
extended EXAFS spectra was undertaken. An analysis for determining the precision of
the atomic coordinates of the OEC by QC is carried out. OEC model structures based on
crystallographic data that are obtained by QC from different research groups are
compared with one another and with structures obtained by high-resolution
crystallography. The theory of EXAFS spectra is summarized and the application of
EXAFS spectra to the experimental determination of the structure of the OEC is detailed.
We discriminate three types of parameters entering the formula for the EXAFS
spectrum: (1) model-independent, predefined and fixed; (2) model-dependent that can be
computed or adjusted; (3) model-dependent that must be adjusted. The information
content of EXAFS spectra is estimated and related to the precision of atomic coordinates
and resolution power to discriminate different atom-pair distances of the OEC. It is
demonstrated how a precise adjustment of atomic coordinates can yield a nearly perfect
representation of the experimental OEC EXAFS spectrum, but at the expense of over-
fitting and loosing the knowledge of the initial OEC model structure. Introducing a novel
type of penalty function it is shown that moderate adjustment of atomic coordinates to
the EXAFS spectrum limited by constraints avoids over-fitting and can be used to
validate different OEC model structures. This technique is used to identify the OEC
model structures, whose computed OEC EXAFS spectrum agrees best with the measured
spectrum. In this way the most likely S-state and protonation pattern of the OEC for the
most recent high-resolution crystal structure of PSII is determined. We find that the X-
ray free electron laser (XFEL) structure is indeed not significantly affected by exposure
to XFEL pulses and thus results in a radiation-damage free model of the OEC.
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NON PHOTOCHEMICAL LASER-INDUCED NUCLEATION:
PAST, PRESENT AND FUTURE

A. Spasojevic-de Biré ? P. Scouflaire®, Z. Zhang ¢, W. Li *¢ A. Ikni % B. Clair ¢,
J-F. Audibert ¢, V. Génot“%, R. Pansu ¢, Z. Yan? X. Shi? N. El Hassan ®9, J-M.
Gillet?®

& Université Paris Saclay, Laboratoire “Structures Propriétés et Modélisation des
Solides™ (SPMS), UMR8580 CNRS/CentraleSupelec, 92295 Chéatenay-Malabry, France;
®Université Paris Saclay, CNRS, UPR 288, Laboratoire “Energétique Moléculaire et
Macroscopique, Combustion” (EM2C), 92295 Chéatenay-Malabry, France; ° Université
Paris Saclay, ENS-Paris-Saclay, CNRS UMR 8531, Laboratoire “Photophysique et
Photochimie Supramoléculaires et Macromoléculaires”, 61, avenue du Pr. Wilson,
94235 Cachan, France; “ These authors have already leaved the Laboratory

e-mail: anne.spasojevic@centralesupelec.fr

Recently discovered by Garetz et al. [1] nonphotochemical laser-induced nucleation
(NPLIN) is of fundamental interest in light-matter interactions as well as of
technological importance, holding great promise for the nanometer-scale control of the
polymorphism. A very small number of groups are using the NPLIN method leading to
around fifty papers. Despite its apparent relevance, very little is currently known and/or
understood about the mechanism of this induced nucleation. The ability to control
polymorphism, using NPLIN is severely limited by lack of information on which
characteristics are important for the laser-induced crystallization. The lack of such
information is the current bottleneck in developing this method.

At CentraleSupelec we have been able to design a unique NPLIN automated
experimental device [2, 3a] (Figure 1). The goal of these works is to demonstrate
experimentally the feasibility of NPLIN on some pharmaceutical compounds:
carbamazepine (CBZ), sulfathiazole (STZ), L-glutamic acid (LGA), L-histidine (LH)
and glycine (GLY). We have induced the nucleation through NPLIN and crystallized
(GLY) [2, 3a,c,4a,c], (CBZ) [2,3b,c,4b] and (STZ) [3d,4b,c].

b
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Figure 1. NPLIN@centralesupelec. a to e) experimental set-up. f, g) CBZ. h) STZ

Different parameters such as (laser intensity, supersaturation, irradiation time,
solvent, laser polarization) are tested and their influence on nucleation site, nucleation
efficiency, crystal size, crystal counting, morphology, polymorph characterization will
be established. Consequences on the mechanism (reduction of the induction time,
influence of the laser polarization on the polymorphism (Figure 1f, g, h)) will be studied.
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Parralely, a determination of the dimer interaction energies using ab initio calculations
have been performed on (CBZ), (STZ), (LGA), (LH), (GLY) and urea. Finaly, different
new indexes will be established in order to be able to compare our results with those
precedently obtained in the litterature, leading us to establish some new insight on
NPLIN mechanism.

At ENS-Paris-Saclay, we have recently established a new microfluidic device
authorizing nucleation and observation of the supersaturated solution (figure 2 a, b, c).
This device has been developped [5] and optimised these last years in the context of
Zhang PhD [4d]. These last weeks, we have succeed in laser-induced nucleation in this
microfluidic device with DBDCS (Figure 2d, e, f). In order to folow molecules
agregation, and crystals formation, we have measured fluorescence signal induced by
agregats and crystals. Fluorescence time life of the different objects white detected by
optical microscopy
(Figure 2d, e) is presented
in  Figure 2f.  This
observation at 4 ns after
irradiation (40 ns in case
of optical  miscropy)
represent a considerably
great advance in the
context of the
understanding of NPLIN
mehanism. In fact, one
can observe the crystals
(and  determined  the
obtained polymorphs)
some nanosecond after the
laser-induced nucleation.

Figure 2. NPLIN@ENS-Paris-Saclay. a), b), c¢) experimental set-up. d), e) optical
microscopy. ) fluorescence time decay of DBDCS.

[1] a) B. Garetz, J. Aber, N. Goddard, R. Young, A. Myerson, Phys. Rev. Lett. 77 (1996)
3475-3476 b) B. Garetz, J. Matic, J. Phys. Rev. Lett. 89 (2002), 175501.

[2] a) A. Spasojevic-de Biré, International innovation, 44-46, sept 2013, b) J. Belloni, A.
Spasojevic-de Biré, S. Sorgues, M. Mostafavi, P. Scoufflaire, N-E. Ghermani, Actualité
chimique, 387-388-389 (2014) 77-84.

[3] a) B. Clair, A. lkni, W. Li, P. Scouflaire, V. Quemener, A. Spasojevic-de Biré, J.
Appl. Crystallogr. 47 (2014) 1252-1260; b) A. Ikni, B. Clair, P. Scouflaire, S. Veesler,
J-M. Gillet, N. El Hassan, F. Dumas, A. Spasojevic-de Biré, Cryst Growth Des. 14(7)
(2014) 3286-3299; c) A. Spasojevic-de Biré, A. Ikni, W. Li, B. Clair, P. Scouflaire, N.
El Hassan, J-M. Gillet, ISIC 19 Toulouse, September (2014) d) W. Li, A. Ikni, P.
Scouflaire, X. Shi, N. El Hassan, P. Gemeiner, J-M. Gillet, A. Spasojevic-de Biré, Cryst
Growth Des. 16(5) (2016) 2514-25-26.

[4] @) B. Clair PhD manuscript, Ecole Centrale Paris (2014) b) A. Ikni PhD manuscript,
Ecole Centrale Paris (2015) ¢) W. Li PhD manuscript, CentraleSupelec (2016) d) Z.
Zhang, PhD in preparation, ENS Paris-Saclay.

[5] V-L. Tran, V. Génot, J.-F. Audibert, Y. Prokazov, E. Turbin, W. Zuschratter, H-J.
Kim, J. Jung, S-C. Park, R. Pansu, New J. Chem. 40 (2016) 4601-4605.
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STRUCTURAL XRD IN THE QUEST AND UNDERSTANDING
OF CHEMICAL REACTION NETWORKS: A WORKED
EXAMPLE FROM IRIDIUM COMPLEX-
MEDIATED HOMOGENEOUS TANDEM CATALYSIS

M. Hamdaoui, J. P. Djukic

LCSOM, Institut de Chimie de Strasbourg UMR7177, Université de Strasbourg, 4 rue
Blaise Pascal F-67000 Strasbourg
e-mail: djukic@unistra.fr
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Figure 1. (a) Typical iridacycle derived from 2-phenylpyridine were L is any ligand and q the
associated charge (0 for halides, +1 for 2 electron ligands); (b) simplified chemical network
of the "all in one reactor” catalytic system (green dot). (c) isolated X-ray diffraction
structure of the Ir-silane adduct and its heptacoordinate Ir center [1].

In most known cases iridacycles behaves as a metal centered Lewis acid. This class
of complexes has also shown ability to promote hydrogen atom transfer (HAT) from
various sources. We recently demonstrated that hydrosilation was another potent
reaction to be promoted by iridacycles of this kind [2-4]. We also demonstrated that
iridacycles can behave as multicompetent catalysts in “one pot” catalyzed synthesis: the
first report of our group on the matter dates from 2012, it dealt with the 2-step
transformation of terminal alkynes into benzylamines [5]. Our major effort in the last
three years was focused on both the catalytic properties and mecanistic studies, which
led us to isolate and establish the structure of the adduct resulting from the addition of a
silane to a {L,C}Ir(Cp*)(MeCN) procatalyst [6]. This study led to the conjecture that the
16 electron coordinatively-unsaturated transient Ir species undergoes a concerted hydride
transfer and silylium trapping (adduct depicted in Figure 1c) and not an oxidative
addition.

[1] M. Hamdaoui, M. Ney, V. Sarda, L. Karmazin, C. Bailly, N. Sieffert, S. Dohm, A.
Hansen, S. Grimme, J.-P. Djukic, Organometallics, 35 (2016) 2207-2223.

[2] Y. Corre, W. lali, M. Hamdaoui, X. Trivelli, J.-P. Djukic, F. Agbossou-Niedercorn,
C. Michon, Catal. Sci. Technol. 5 (2015) 1452-1458.

[3] Y. Corre, V. Rysak, F. Capet, J.-P. Djukic, F. Agbossou-Niedercorn, C. Michon,
Chem. - Eur. J. 22 (2016) 14036-14041.

[4] Y. Corre, C. Werle, L. Brelot-Karmazin, J.-P. Djukic, F. Agbossou-Niedercorn, C.
Michon, J. Mol. Catal. A: Chem. 423 (2016) 256—263.

[5] W. lali, F. La Paglia, X.-F. Le Goff, D. Sredojevic, M. Pfeffer, J.-P. Djukic, Chem.
Commun. 48 (2012) 10310-10312.

[6] M. Hamdaoui, in: Faculty of Chemistry, University of Strasbourg, Strasbourg, 2017.
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CRYSTAL STRUCTURE DETERMINATION FROM POWDERS
AND INSTRUMENTATION AT THE DEPARTMENT OF
STRUCTURE ANALYSIS AT THE INSTITUTE OF PHYSICS
AS CR

J. Rohlic¢ek

Institute of Physics AS CR, v. Na Slovance 1999/2, 182 21 Praha 8
e-mail: rohlicek@fzu.cz

Nowadays, it is nothing unusual to solve crystal structure of organic compounds
from laboratory X-ray powder diffraction data. In the case of simple and well diffracting
compound the determination of the crystal structure is a routine analysis. Even if the
instrumental broadening of in-house diffractometers and intensity and quality of the
laboratory X-ray sources don't reach quality levels of synchrotron facilities, laboratory
devices are still preferred, most probably because of their availability. This can be nicely
shown on CSD database, where from the total number of 3049 powder structures
containing the 3D coordinates (ver.3.36, update 1) are approximately only 31% marked
as synchrotron data.

There are three general methods for crystal structure determination from powder
diffraction data - (i) direct methods (reciprocal space methods), (ii) direct space methods,
and (iii) dual-space methods. While the direct space methods (ii) have been used to solve
crystal structures solely from powders, the remaining two methods (i) and (iii) were
originally developed for solving crystal structures from single-crystal data, and then
subsequently modified for powder data to achieve higher success.

For using direct methods it is necessary to measure a high-quality powder diffraction
data preferably at least to atomic resolution (<1.0 A) and with narrow reflection profiles
to avoid significant overlapping of reflections. Nowadays, perhaps the most famous
program that uses direct methods for solving crystal structures from powder diffraction
data is EXPO [1].

The representative of dual-space methods is the charge-flipping algorithm [2]. For
powder diffraction data, it is reasonable to combine it with the histogram matching
method [3] as it is for example done in program SUPERFLIP [4]. In this case, the
overlapped intensities that are usually extracted from powder pattern with a significant
error are changed based on the histogram of the specified electron density, e.g. similar
compound. This combination allows solving crystal structures of pure organic compound
[5].

The most commonly used methods for solving the crystal structure from powder
diffraction data are direct space methods. They are also called as global optimization
methods. These methods were developed for crystal structure determination from
powder data in the 1990s, and their development continued with the increasing
performance of computers, especially between years 2000 and 2010 [6,7]. Direct space
methods do not try to solve the crystal structure from the separated intensities of
individual reflections, but they try to modify the user-defined initial molecular model so
that, the calculated diffraction data of the model explains the measured data. These
methods can be used theoretically in all cases where the exact composition of the
compound is known. However, in practice we are limited by the complexity of the
problem.
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In general, it is impossible to say which method is the best one. It always depends on
the circumstances, especially on the quality of the measured data and on the complexity
of the crystal structure. However, most probably, finding the crystal structure of a simple
compound that is well diffracting even at higher angles will not be a problem for any of
the current method. On the other hand, in the case of complex crystalline structures,
none of the existing methods may find the solution. At present, the most complex
structures that have been solved from the powder data have more than 30 non-hydrogen
atoms in the asymmetric part of the unit cell or little bit more than 30 degrees of freedom
(free torsion angles).

By looking at the process of solving such complex crystal structures can reveal
possible future development in powder diffraction, because usually in such cases some
non-standard procedure that is modifying the already existing method has to be applied.
One of the possibilities is a combination of several existing methods where one part is
solved by one method and this information is used to find the remaining part of the
crystal structure by other method. Another interesting method to get more information
from measured data is using anisotropic thermal expansion to separate reflections. Or, it
is possible to modify existing algorithms or try completely new [8,9].

The department of Structure Analysis at the Institute of Physics AS CR is specialized
in the crystal structure determination of difficult samples and in development of
crystallographic software - Jana2006 [10] for general structure analysis, Superflip [4] for
solution of the phase problem by charge flipping, MCE [11] software for visualization of
electron density maps and CrystalCMP [12] software for comparison of structural
motifs. Three complementary experimental methods are used at the department for
diffraction experiments that are in some cases combined together to solve the crystal
structure: single crystal diffraction, powder diffraction and precession electron
diffraction. Our powder diffraction laboratory is equipped with Empyrean powder
diffractometer of PANalytical (sealed Cu X-ray tube) and with SmartLab of Rigaku
(rotating Cu X-ray tube). Both instruments can switch between Bragg-Brentano and
Debye-Scherrer configurations and both are equipped with sufficient optics for both
configurations. SmartLab has the possibility to use primary Johansson monochromator
with combination of Debye-Scherrer configuration to get the High-resolution powder
diffraction data.

[1] A. Altomare, C. Cuocci, C. Giacovazzo, A. Moliterni, R. Rizzi, N. Corriero, A.
Falcicchio, J. Appl. Cryst. 46 (2013) 1231-1235.

[2] G. Oszlanyi, A. Suto, Acta Cryst. A60 (2004) 134-141.

[3] Baerlocher Ch., McCusker L. B., Palatinus L. Z. Kristallogr. 222(2) (2007) 47-53.
[4] L. Palatinus, G. Chapuis, J. Appl. Cryst. 40 (2007) 786-790.

[5] D. Sisak, Ch. Baerlocher, L. B. McCusker, T. Yoshinari, D. Seebach, J. Appl.
Crystallogr. 47 (2014) 1569-1576.

[6] K. Shankland, M. J. Spillman, E. A. Kabova, D. S. Edgeleya, N. Shankland, Acta
Cryst. C69 (2013) 1251-1259.

[7]1 R. Cerny, V. Favre-Nicolin, Z. Kristallogr. 222 (2007) 105-113.

[8] K. Shankland, A. J. Markvardsen, C. Rowlatt, N. Shankland, W. I. F. David. J. Appl.
Cryst. 43 (2010) 401-406.

[9] S. Habermehl, P. Morschel, P. Eisenbrandt, S. M. Hammer, M. U. Schmidt Acta
Cryst. B70 (2014) 347-359.

[10] V. Petricek, M. Dusek, L. Palatinus, Z. Kristallogr. 229(5) (2014) 345-352.

[11] J. Rohlicek, M. Husak, J. Appl. Cryst. 40 (2007) 600-601.

[12] J. Rohlicek, E. Skorepova, M. Babor, J. Cejka, J. Appl. Cryst. 49 (2016) 2172—
2183.
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STRUCTURAL ANALYSIS OF LANTHANIDE-BASED METAL
ORGANIC FRAMEWORKS

S. Tanase 2, F. Cimpoesu °, M. Ferbinteanu °

8 Van 't Hoff Institute for Molecular Sciences, University of Amsterdam, Science Park
904, 1098 XH Amsterdam, The Netherlands ffiliation1; ° Institute of Physical Chemistry;
Splaiul Independentei 202, Bucharest, Romania © University of Bucharest, Faculty of
Chemistry, Inorganic Chemistry Department, Dumbrava Rosie 23, Bucharest 020462,
Romania

e-mail: marilena.cimpoesu@g.unibuc.ro

Metal organic frameworks (MOFs) are three-dimensional porous structures of metal
ions linked by organic molecules. The application of MOFs are various and their
properties tunable. Due to their pores, MOFs can act as molecular filters, containers or
even tiny chemical reactors [1]. In order to design a self-supported catalysts, MOFs with
accessible coordination sites at the metal center must be developed. One idea is to use a
metal ions with an enlarged coordination sphere, such as lantanides [2]. Lanthanide ions
have large coordination numbers and flexible coordination geometries, but making
porous solids in the case of Ln-MOFs is difficult. One solution is to use directional and
rigid ligands, like aromatic ligands with carboxylate groups which satisfy also the
oxofilic nature of the lanthanide ions. Following this strategy we obtain a series of
MOFs built from lanthanide, alkaline-earth and pyrazine-2,5-dicarboxylate (pyzdc) ions
[3]. We present a selection of metal-organic frameworks, discussing their structural
features and properties from experimental and theoretical viewpoints [4].

|
b—‘—)_d/@‘\\)\/\%_& lanthanide jons

Products

Figure 1. Making highly stable lanthanide MOFs: Details of the coordination modes of
the ligand and the tetranuclear building-units (left) and the scheme of Lnh-MOFs
applications in the catalysis of organic reactions (right).

[1] D. Farrusseng, Metal-Organic Frameworks. Wiley—VCH (2011).

[2] R. Plessius, R. Kromhout, A. L. D. Ramos, M. Ferbinteanu, M. C. Mittelmeijer-
Hazeleger, R. Krishna, G. Rothenberg, S. Tanase, Chem. Eur. J., 20 (2014) 7922-7925.
[3] C. Pagis, M. Ferbinteanu, G. Rothenberg, S. Tanase, ACS Catal., 6(9) (2016) 6063—
6072.

[4] M. Ferbinteanu, F. Cimpoesu, S. Tanase, Struct. and Bond., 163 (2015) 185-229.
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METAL-INDUCED PROTEIN AND DNA RADICAL
CHEMISTRY: THE CASES OF BLEOMYCIN AND
HAPTOGLOBIN

R. Silaghi-Dumitrescu

Department of Chemistry, Babes-Bolyai University, 11 Arany Janos str, Cluj-Napoca,
Romania
e-mail: rsilaghi@chem.ubbcluj.ro

Two case studies are shown, where starting from static crystal structures or NMR
structures, molecular dynamics and DFT calculations allow for clarifications on elusive
radical-based mechanisms triggered by iron-peroxide chemistry in biomolecules.

A first molecular dynamics analysis is presented here for the Hb-haptoglobin pair.
For the first time the Tyr radicals in globins are examined with MM calculations directed
at comparing with EPR-detected parameters, with the aim of identifying the location of
free radicals on the globin. Such assignments are needed in order to complete our
understanding of the manner in which globins deal with oxidative stress, as well as for
the ways the organism deals with the oxidative stress occasionally accidentally amplified
by the globins via their reactive heme and Tyr moieties. Additionnally, binding sites are
identified for antioxidants on globins — Mb, Hb — using docking calculations. These data
are in agreement with experiments suggesting high-affinity binding, but also multiple
site binding. Some if these binding sites match previous proposals based on experiments,
with involvement of Tyr residues for electron shuttling. Despite experimental data
suggesting very similar binding patterns for all small-molecule antioxidants (high
affinity, multiple binding sites), differences are revealed by the docking calculations
both in terms of the location of the sites and in terms of the energetics of interaction.
Together, the haptoglobin and antioxidant docking calculations offer support for
involvement of Tyr42 in binding of three out of the four substrates investigated in Hb
(ascorbate and urate, as blood-contained relevant substrates, are included in this list), but
also for Tyr145 (with urate and caffeate) and Tyr35 (with gallate).

Figure 1. [Hp- oHb;BHb] complex after 5 nanoseconds MD and energy relaxation. White
ribbons: Hb; Blue ribbons: Hp. Key tyrosine locations are marked in red.
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For a second example, molecular dynamics calculations of Fe(ll), Fe(ll1), Co(ll) and
Co(l11) hydroperoxo adducts of bleomycin with DNA, whether performed with classical
molecular mechanics or with a semiempirical/empirical QM/MM protocol, yield
structures in reasonable agreement with the experimentally-known (NMR) Co(lll)-
hydroperoxo adduct of bleomycin with DNA. Thus, the OH group of the metal-bound
hydroperoxide is indeed predicted to reside most of the time very close to a deoxyribose
proton, which, according to QM calculations on the iron version of the system, will lead
to facile insertion of the peroxide OH into the sugar. Moreover, the ferric-hydroperoxide
moiety appears efficiently shielded from solvent — so that the nearby sugar moiety would
be the only available partner assisting in, and collecting the effects of, Fe(111)O-OH vond
cleavage in the DNA-bound activated bleomycin. However, experiments reveal that the
peroxo oxygen is in fact not inserted into the product. This latter observation may be
reconciled with computations on three grounds. First, the dynamics of the peroxide-
sugar distance do involve occasional movement of the OH some 1.5 A further away
from the C-H bond, which may allow for an opportunity of cleaving the Fe(l11)O-OH
bond without immediately trapping the departing OH onto the deoxyribose. Second,
while the peroxide moiety in the DNA-ABLM complex is on average well shielded from
the solvent, the dynamics calculations have revealed that this shielding is prone to be
occasionally penetrated within the few-nanosecond timescale of the present simulations.
Third, and perhaps most importantly, individual snapshots are identified, where water
molecules from the solvent do come into direct contact with the iron-bound
hydroperoxide in the ABLM-DNA complex. If these data are correct, then the general
picture provided by computations on the ABLM-DNA interaction would be one where
the oxygen-oxygen bond is initially cleaved to generate a high-valent intermediate, and
this high-valent intermediate oxidizes the deoxyribose in outer-sphere manner. While
FeO-OH bond cleavage without concerted hydroxylation of the sugar is shown by DFT
calculations to be feasible, it would still be favored to proceed thermodynamically
towards the more stable state via hydroxylation of the ribose; peptide and DNA
dynamics may nevertheless allow the free radical to escape the site and hence result in a
product distribution consistent \évith experimental observations.

Figure 2. Snapshot illustrating peroxide-éolvent contacts during ABLM-DNA molecular
dynamics simulations for the Fe(l11) system. Peroxide-water oxygen-to-oxygen distances
are marked in green; solvent water — yellow; peroxide — green.
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METAL-ORGANSKE UMREZENE STRUKTURE SREBRA(I) SA
POTENCIJALNIM ANTIMIKROBNIM SVOJSTVIMA

0. R. Klisuri¢? N. R. Filipovi¢ ®, A. S. MaleSevié ¢, T. R. Todorovi¢ ©

& Departman za fiziku, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg
Dositeja Obradovica 4, Novi Sad, Srbija; b Poljoprivredni fakultet Univerzitet u
Beogradu, Nemanjina 6, Beograd—Zemun, Srbija; ¢ Hemijski fakultet, Univerzitet u
Beogradu, Studentski trg 12-16, Beograd, Srbija;

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

Jedan od glavnih svetskih problema u javnom zdravlju predstavlja pojava novih otpornih
sojeva mikroba. Stoga je potreba za novim antimikrobnim agesima pravi izazov. Metal-
organske umreZene strukture (engl. metal-organic frameworks, MOFs) se mogu smatrati
obec¢avaju¢im antimikrobnim agensima stoga Sto njihove neorganske i organske
komponente mogu da obezbede platformu za visoku antimikrobnu aktivnost. Tokom
proteklih godina, nova jedinjenja srebra, uklju¢ujuéi i nove materijale, su se pokazala
kao snazni antimikrobni agensi [1]. Uzimajué¢i ovo u obzir, sintetisana su c¢etiri nova

MOF-a srebra(l) sa derivatima
AgNO;

TR {[Ag(L1),]NOs}, (1) tiomorfo!!na i piperazina (Sh_ema}

R 1) koji su  okarakterisani

X AgClOy4 ([Ag(L1,ICI0,, (2) rend_genskom_ _ struktL_Jrnom
H,0, reflux analizom. Antimikrobna aktivnost

[ j - AgBF, je_odre_der_1a na osam bakterijskih
N m—— {[Ag(L1)2]BF4}, (3) sojeva i tri soja gljivica. _Ko_mpleks

| Ag‘N03 4 je pokazao dobru antimikrobnu

CN ——=—2— ([Ag(L2),]NO; x H,0},(4) aktivnost na svim testiranim
EtOH, reflux . ik .
X=5.LI sojevima mikroorganizama.
X =N-CN, L2

Shema 1. Pojednostavljen prikaz sinteze MOF-ova.

Odabrani kristalografski podaci i detalji utaénjavanja:

1: CyH1sAgN,S, tetragonalni sistem, P—-42,m, a = 13,1512(5) A, ¢ = 4,3773(3) A,
V = 757,07(8) A% Z = 2, u = 1,59 mm™. Finalni R faktor je 3,3% za 837 nezavisnih
refleksija 1 48 parametara. Zbog neodredenosti polozaja nitratni jon je uklonjen iz
strukturnog modela uz pomo¢ SQUEEZE proracuna.

2: CyoH16AgBF,4N,S,, tetragonalni sistem, P—-42,m, a = 13,1613(6) A, ¢ = 4,4326(6) A,
V = 767,81(13) A3, Z = 2, 1 = 13,49 mm™. Finalni R faktor je 3,6% za 799 nezavisnih
refleksija i 58 parametara.

3: CyoH16AgCIN,0,S,, tetragonalni sistem, P—-42,m, a = 13,1198(3) A, ¢ = 4,6860(2) A,
V = 806,60(5) A%, Z =2, u = 14,18 mm™. Finalni R faktor je 2,7% za 710 nezavisnih
refleksija i 59 parametara.

4: CpyHigAgNgO,, trikliniéni sistem, P-1, a = 6,6706(4) A, b = 10,5894(9) A,
c =13,5484(11) A, o= 91,104(7)°, B = 99,965(5)°, y = 103,416(6)°, V = 915,10(12) A,
Z =2, =114 mm™. Finalni R faktor je 5,6% za 4118 nezavisnih refleksija i 243
parametara.

[1] Mathieu Berchel et al. New J.Chem., 35 (2011) 1000-1003.
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SILVER(1)-BASED METAL-ORGANIC FRAMEWORKS
WITH POTENTIAL ANTIMICROBIAL PROPERTIES

0. R. Klisuri¢?, N. R. Filipovi¢ °, A. S. MaleSevi¢ ¢, T. R. Todorovi¢ ©

# Department of Physics, Faculty of Sciences, University of Novi Sad, Trg Dositeja
Obradoviéa 4, Novi Sad, Serbia; ® Faculty of Agriculture, University of Belgrade,
Nemanjina 6, Belgrade-Zemun, Serbia; © Faculty of Chemistry,University of Belgrade,
Studentski trg 12-16, Belgrade, Serbia

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

Resistant microbial strains are continuously emerging which is one of the major
worldwide public health concerns. The need for new antimicrobial agents is a real
challenge. Metal-organic frameworks (MOFs) can be considered as promising
antimicrobial materials because their inorganic and organic components can provide
platforms to generate high potent antimicrobial activity. Over recent years, new silver
compounds, including new materials, have been proposed as potent antimicrobial agents
[1]. Taking this into account, four

—be(ingl3ux {[Ag(L1):INOs}, (1) new silver-based MOFs  were

synthesized (Scheme 1), using

. | AClOs {[Ag(L1),]C10,4}, (2) thiomorpholine and piperazine
H,0, reflux derivatives as ligands, and

] AgBF, charac_terized by X-ray (_jiffracti(_)n

1.0 rofime ABLDIBES, () analysis.  The  antimicrobial

= activity was evaluated on eight

CN |_ANO, {[Ag(L2),]JNO; x H,0},(4) bacterial and three fungi strains.
X=S.L1 BIOH, reflux Complex 4 has good antimicropial
X= N-éN, L2 activity on all studied

microorganisms.
Scheme 1. Simplified representation of MOFs syntheses.

Selected crystallographic data and refinement details:

1: CyoH16AgN,S, tetragonal system, P-42,:m, a = 13.1512(5) A, ¢ = 4.3773(3) A,
V =757.07(8) A%, Z = 2, x = 1.59 mm™. The final R factor is 3.3% for 837 independent
reflections and 48 parameters. A SQUEEZE calculation removed the nitrate anion from
the structure model for it’s disorder.

2: C1oH16AgBF,N,S,, tetragonal system, P-42,m, a = 13.1613(6) A, ¢ = 4.4326(6) A,
V = 767.81(13) A% Z = 2, u = 13.49 mm™. The final R factor is 3.6% for 799
independent reflections and 58 parameters.

3: CyoH16AgCIN,O,S,, tetragonal system, P-42;m, a = 13.1198(3) A, ¢ = 4.6860(2) A,
V =806.60(5) A®, Z =2, u = 14.18 mm™. The final R factor is 2.7% for 710 independent
reflections and 59 parameters.

4: CpHigAgNgO,, triclinic system, P-1, a = 6.6706(4) A, b = 10.5894(9) A,
c =13.5484(11) A, o = 91.104(7)°, B = 99.965(5)°, y = 103.416(6)°, V = 915.10(12) A,
Z =2, u=1.14 mm™ The final R factor is 5.6% for 4118 independent reflections and
243 parameters.

[1] Mathieu Berchel et al. New J.Chem., 35 (2011) 1000-1003.
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NANOCESTICE Pr** DOPIRANIH FLUORAPATITA
DOBIJENIH KOPRECIPITACIONOM METODOM

D. V. Milojkov % V. P. Stani¢ °, G. V. Janji¢ ¢, D. R. Mutavdzié¢ ¢
B. J. Nastasijevié¢ ® A.S. Radosavljevi¢-Mihajlovi¢ ® M. Milanovié *

2 Tehnoloski fakultet Novi Sad, Departman za inZenjerstvo materijala, Univerzitet u
Novom Sadu, Bulevar Cara Lazara 1, 21000 Novi Sad, Srbija; ° Institut za nuklearne
nauke ,, Vinca“ Univerzitet u Beogradu, P.O. Box 522, 11001 Beograd, Srbija, ©Institut
za Hemiju, Tehnologiju i Metalurgiju, Univerzitet u Beogradu, NjegoSeva 12, 11000
Beograd, Srbija; ¢ Institut za multidisciplinarna istrazivanja, Univerzitet u Beogradu,
Kneza ViSeslava 1, 11030 Beograd, Srhija.

e-mail: d.v.milojkov@gmail.com

Nanocestice apatita dopirane elementima retkih zemalja su intenzivno proucavane
kao potencijalni luminiscentni materijali za obelezavanje ¢elija i tkiva, u bioinzenjeringu
tkiva, za remodeliranje kostiju i posmatranje distribucije lekova [1-3].

Nano&estice Pr** dopiranih fluorapatita (Pr-FAP) sfernog oblika uspe$no su
sintetisane postupkom Kkoprecipitacije i okarakterisane primenom XRD, FTIR, PL i
SEM-EDX metoda. Emisija nanocestica fluorapatita (FAP) javlja se u ljubicastoj oblasti
vidljivog dela spektra, uz crveni pomak u oblast zelene boje kada je Pr** ugraden u
reSetku. MCR-ALS (Multivariate Curve Resolution-Alternating Least Squares) analiza
fluorescentnog spektara i ab initio proraduni ukazuju da se joni Pr** nalaze u Pr-FAP
redetki na Ca2 (6h) poloZaju. Pretpostavljamo da je mehanizam zamene Ca** jona sa Pr®*
jonima praéen kompenzacijom naelektrisanja ugradivanjem CO;> jona u strukturi ili
formiranjem Supljina na poloZajima jona metala.

Dobijeni uzorci pokazali su mali stepen hemolize, a stepen hemolize se povecava sa
smanjenjem veli¢ine kristalita. Rezultati hemolize ukazuju da se ove sinteticke
nanocestice mogu potencijalno Koristiti za dalja biomedicinska istraZivanja, kao Sto su
obelezavanje celija i tkiva, bioinZenjering, za terapiju karcinoma i ispitivanje distribucije
leka.

[1] V. Stani¢, A. S. Radosavljevi¢-Mihajlovi¢, V. Zivkovi¢-Radovanovié¢, B.
Nastasijevi¢, M. Marinovi¢-Cincovi¢, J. P. Markovi¢, M. D. Budimir, Appl. Surf. Sci.
337 (2015) 72-80.

[2] X. Li, J. Zhu, Z. Man, Y. Ao, H. Chen, Sci. Rep. 4 (2014) 4446.

[3] Y. Xie, W. He, F. Li, T. Shalika, H. Perera, L. Gan, Y. Han, X. Wang, S. Li, H. Dai,
ACS Appl. Mater. Interfaces. 8 (2016) 10212—-10219.
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Pr** DOPED FLUORAPATITE NANOPARTICLES OBTAINED
BY CO-PRECIPITATION METHOD

D. V. Milojkov 2 V. P. Stani¢ °, G. V. Janji¢ ¢, D. R. Mutavdzi¢ °
B. J. Nastasijevié¢ ® A.S. Radosavljevi¢-Mihajlovi¢ ® M. Milanovié *

& Faculty of Technology Novi Sad, Department of Materials Engineering, University of
Novi Sad, Bulevar Cara Lazara 1, 21000 Novi Sad, Serbia; ® Vinca Institute of Nuclear
Sciences, University of Belgrade, P.O. Box 522, 11001 Belgrade, Serbia; © Institute of
Chemistry, Technology and Metallurgy Belgrade, University of Belgrade, NjegoSeva 12,
Belgrade, Serbia; ¢ Institute for Multidisciplinary Research, University of Belgrade,
Kneza ViSeslava 1, 11030 Belgrade, Serbia

e-mail: d.v.milojkov@gmail.com

The apatite nanoparticles doped with rear earth elements have been extensively
studied as a potential luminescence inorganic material for cells and tissue labeling,
bioimaging in tissue engineering and bone re-modelling, and for observing the
distribution and drug delivery [1-3].

Sphere-like nanoparticles of Pr** doped fluorapatite (Pr-FAP) have been successfully
synthesized by co-precipitation method and characterized by XRD, FTIR, PL and SEM-
EDX methods. Emission of fluorapatite nanoparticles (FAP) occurs in violet region of
visible part of spectrum, with red shift to green color region when Pr** is doped in
lattice. MCR-ALS (Multivariate Curve Resolution-Alternating Least Squares) analyses
of fluorescence spectra and ab initio calculation indicated that Pr** ions are located in Pr-
FAP lattice at Ca2 (6h) sites. We assume that the mechanism of substitution of Ca?* with
Pr¥* ion is accompanied with charge compensation by incorporation of CO;* ions in
structure or by vacancies formation on metal ions position.

The obtained samples showed a small degree of hemolysis, and degree of hemolysis
increases with decrease in crystallite size. The results of hemolysis suggest that the
synthesized nanoparticles can be potentially used for further biomedical research, such
as cells and tissue labeling, bioimaging, cancer therapy and drug delivery.

[1] V. Stani¢, A. S. Radosavljevi¢-Mihajlovi¢, V. Zivkovi¢-Radovanovi¢, B.
Nastasijevi¢, M. Marinovi¢-Cincovi¢, J. P. Markovi¢, M. D. Budimir, Appl. Surf. Sci.
337 (2015) 72-80.

[2] X. Li, J. Zhu, Z. Man, Y. Ao, H. Chen, Sci. Rep. 4 (2014) 4446.

[3] Y. Xie, W. He, F. Li, T. Shalika, H. Perera, L. Gan, Y. Han, X. Wang, S. Li, H. Dai,
ACS Appl. Mater. Interfaces. 8 (2016) 10212-10219
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HEOYEKMNBAH 3HAYAJ APOMATUYHO-AJIM®ATUNYHUX
HNHTEPAKIIMJA U UTHTEPAKIIMJA KOCTYPA ITIPOTEUHA Y
CTABMJIHOCTH AMUJIONJIA

JI. B. Hunkosuh 4 JI. II. Mauenos °, II. B. Ierposuh % E. N. Brothers 2 S. Niu ¢,
M. B. Hall ¢, M. P. Beah 2, C. JI. 3apuh *°

#Science Program, Texas A&M University at Qatar, Texas A&M Engineering Building,
Education City, Doha, Qatar; ° Xemujcku daxyimem Yuusepsumema y Beozpady,
Cmyoenmcku mpe 12-16, Beozpao, Cpéuja; © Department of Chemistry, Texas A&M
University, College Station, TX 77843-3255, USA.

e-mail: snezana.zaric@gqatar.tamu.edu; szaric@chem.bg.ac.rs

dubpuin 1 TUTAKOBH Koje (HopMHpajy TPUPOTHU aMUJIOUIN MOTY CE€ JOBECTH Y BE3y
ca HeypoJereHepaTHBHUM GoJlecTUMa Kao mrro ¢y IlapkuHcoHoBa u Anmxajmeposa [1].
WNako mnpupoma QopMmupama aMWIONIHUX IUIAKOBA M Jajke HHje pa3jamlmbeHa,
npuMmeheHo je a ce apOMaTH4HU OCTalld YeCTO jaBibajy y HPUPOJHHUM aMIJIOWANMA.
OBo je 10BeNo 10 MPETIIOCTaBKe /1a apoMaTHYHEe aMUHOKHUCEINHE UrPajy BEJIHKY yJIOTY
y opMupamy aMHIOUIHHUX arperara, Me)yTum, OTKpUBEHO je 11a je arperanuja moryha
YaK M KaJa apOMaTHYHE aMHHOKHCEIINHE HUCY TpHCyTHE [2].

Enepruje uHTEepakuuje 3a Mozea CUCTEME NENTHIa KOjU caip)ke apoMaTudHe WU
HeapoMaTHYHe aMuHOKHcennHe (1), ka0 M OHEe KOju caap)ke CaMO HeapoMaTHJHe
amuHokucenune (2), cy u3pauynare kopucrehu B3LYP-D3/6-31G* uuso teopuje [3].
Mozen cucteMHu cy 3aCHOBaHH Ha KPUCTAIHUM CTPYKTypama aMIJIOH/a KOjH Ce Hajla3e y
IIporennckoj 6anIyM nogaraka. EHepruje nHTEpaknyje n3padyHaTe 3a ABe HHTeparyjyhe
B-mmouniie cnuuHEe Cy MO jauMHM 3a BehmHy CTpyKTypa y 00a mIpoydyaBaHa THIIA
amMmiIona. YKyIHa €Heprija HHTEPaKIHje ce JOAATHO MOXE aHAJIM3UPaTH TaKo MITO ce
pa3nBoju Ha paznuuuTe gonpuHoce. Kaga cy apoMaTtiuyHe aMMHOKHCEIHHE MPHUCYTHE y
cekBeHIM (1), HajBehu IONMPUMHOC YKYMHO] EHEPrHjU WHTEPaKUUje IOTHYE OJ
MHTEpaKIMja apOMaTHYHUX U HEApPOMaTHYHUX OOYHMX JIaHAaua. YKOJIHMKO apOMaTH4YHE
AMHHOKHCENTMHE HUCY MpUCyTHE (2), aMWIOWOW Cy YIJIaBHOM CTa0MIN30BaHU
MHTEPAKI1jOM HeapOMaTHYHUX OOYHHX JIaHala ca KOCTYPOM, a TIOHEKa U ca JI0JaTHUM
BOJIOHHYHHM Be3aMa.

[omTo BenmumHa WHTeparyjyhux cucremMa mopa OWTH y3eTra y o03up, eHepruje
MHTEpPAKIHje Cy CKIMpAHE JAEJbeHeM CHEpruje HHTEpaklHje 3a CBAKH CHCTEM ca
NPOM3BOJIOM Opoja BaJIEHTHUX €JEKTpOHa 1Ba HMHTeparyjyha ¢parmenra. Ckanupane
apOMaTHYHO-apOMaTHYHE W apOMaTHYHO-HEApOMaTHYHE WHTEpaKuuje Cy CIMIHEe
jauMHe, ¢ THMM WITO Cy IpBE HEWITO jade, JOK Cy HEapOMaTHYHO-HeapoMaTH4YHE
MHTEpaKIuje Hajcmabuje.

[1] W. Pulawski, U. Ghoshdastider, V. Andrisano and S. Filipek, Appl. Biochem.
Biotechnol., 166 (2012) 1626-1643.

[2] S. M. Tracz, A. Abedini, M. Driscoll, D. P. Raleigh, Biochemistry, 43 (2004) 15901-
15908.

[3] D. N. Ninkovié, D. P. Malenov, P. V. Petrovi¢, E. N. Brothers, S. Niu, M. B. Hall,
M. R. Beli¢, S. D. Zari¢, Chem. Eur. J., (2017) submitted.

Ogaj pan (uuancupan je cpeactBuma ca mpojekra NPRP8-425-1-087 Qatar National
Research Fund (The Qatar Foundation).
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UNEXPECTED ROLE OF AROMATIC-ALIPHATIC AND
PROTEIN BACKBONE INTERACTIONS IN THE STABILITY OF
AMYLOIDS

D. B. Ninkovi¢ 3, D. P. Malenov ®, P. V. Petrovié¢ 2, E. N. Brothers 3, S. Niu ¢,
M. B. Hall¢, M. R. Beli¢ %, S. D. Zari¢ *°

&Science Program, Texas A&M University at Qatar, Texas A&M Engineering Building,
Education City, Doha, Qatar; ° Department of Chemistry, University of Belgrade,
Studentski trg 12-16, 11000 Belgrade, Serbia; ® Department of Chemistry, Texas A&M
University, College Station, TX 77843-3255, USA.
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The formation of fibrils and plaques by naturally appearing amyloids can be linked
with neurodegenerative diseasses such as Parkinson’s and Alzheimer’s [1]. While the
nature of the plaque formation is not clearly understood, it was noticed that aromatic
residues can often be found in the natural amyloids. This led to the assumption that
aromatic amino acids have major influence on the formation of the amyloid aggregates,
however, it was discovered that this aggregation is possible even if the aromatic residues
are not present [2].

Interaction energies for peptide model systems containing both aromatic and
nonaromatic amino acids (1), as well as only nonaromatic amino acids (2) were
calculated using B3LYP-D3/6-31G* level of theory [3]. Model systems were based on
the amyloid crystal structures obtained from the Protein Data Bank. Interaction energies
calculated for two interacting [3-sheets tetramers are similar in strengths for most of the
structures in the both types of studied amyloids.

Total interaction energies can by further analysed by partitioning it to account for the
various contributions. When the aromatic amino acids are present in the sequence (1),
largest contribution to the total interaction energy originates from the interactions of
aromatic and nonaromatic side chains. If the aromatic amino acids are not present (2),
amyloids are mainly stabilized by the interactions of nonaromatic side chains with the
backbone, and sometimes with additional hydrogen bonds.

Since the size of the interacting systems has to be accounted for, interaction energies
were scaled by dividing interaction energies of each system by the product of the number
of valence electrons in two interacting fragments. Scaled aromatic-aromatic and
aromatic-nonaromatic interactions are similar in strength with the former one somewhat
stronger, while the nonaromatic-nonaromatic interactions are the weakest.

[1] W. Pulawski, U. Ghoshdastider, V. Andrisano and S. Filipek, Appl. Biochem.
Biotechnol., 166 (2012) 1626-1643.

[2] S. M. Tracz, A. Abedini, M. Driscoll, D. P. Raleigh, Biochemistry, 43 (2004) 15901—
15908.

[3] D. N. Ninkovi¢, D. P. Malenov, P. V. Petrovi¢, E. N. Brothers, S. Niu, M. B. Hall,
M. R. Beli¢, S. D. Zari¢, Chem. Eur. J., (2017) submitted.

This publication was made possible by the NPRP award [NPRP8-425-1-087] from the
Qatar National Research Fund (a member of The Qatar Foundation).
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KOMITAPATUBHA CTYNJA AHTUOKCUJATHUBHE
AKTHUBHOCTH TPUXUAPOKCHUIIMPUINHA U
ITUPOTI'AJIOJIA

K. Musnanosuh *, JI. Munenxosuh b, 3. MapkoBuh a

& Jlenapmman 3a xemujcko-mexwonowike wnayxe, Jlpacasuu yuueepsumem y Hosom
Haszapy, Byxa Kapayuha 66, 36300 Hoeu Ilasap, Cpéuja; ® Bioengineering Research
and Development Center, IIpsocrasa Cmojanosufia 6, 34000 Kpazyjesay, Cpbuja;
e-mail: deki82@kg.ac.rs

Teopuja GpyHKIIMOHANA TYCTUHE je KopuiihieHa 1a O ce UCIUTA0 aHTHOKCUIATUBHU
MOTEHIMjall TPUXUAPOKCUNIUPHINHA H mHporaioia. Ymorpebisen je MO06-2X
¢byukumonan [1] y  komOuHammju ca  6-311+G(d,p) GasucHUM  CKymoM
UMITJIEMEHTUPaHUM y mporpaMcku maker Gaussian 09 [2]. Ucnurana cy tpu moryha
MeXaHU3Ma aHTHOKCHIATHBHOT JIeIOBama: IPEHOC aToMa BogoHMka — Hydrogen Atom
Transfer (HAT); npeHoc enekrpoHa mpaheH mnpenocom mpotoHa — Single Electron
Transfer — Proton Transfer (SET-PT); ry6urak npotoHa npaheH npeHocoM eJIeKTpoHa —
Sequential Proton Loss Electron Transfer (SPLET). CBu oBi MeXaHU3MU Cy MPOYy4aBaHU
y HemonapHuM (OeH3eH) W MmoJlapHUM (BOJAa) pacTBapaynMa KOpHUCTehW MMIDTHIATHH
conBatanmonu mogen (SMD) [3]. TepmoanHamMuuku mapamMeTpu IOBE3aHH ca
MEXaHN3MHMa aHTHOKCHIATHOBHOT JEJIOBambha Cy HM3pauyHaTH: CHTaJIHja pacKuIama
Beze (Bond Dissociation Enthalpy - BDE), jonusanuonu norenuujan (lonization
Potential - IP), u apuuuTer pema npotony (Proton Affinity - PA). HAT mexanusam je
JOMUHAHTAH MEXaHW3aM AHTHOKCHUAATHBHOT [eJIOBaha TPUXHUAPOKCUITHPHUINHA |
nuporayioyia 'y OCH3eHy, Kao HemoiapHoMm pactBapady. Ca mpyre crtpane, SPLET
MEXaHH3aM je OIepaTMBaH MEXaHH3aM AaHTHOKCHIATUBHOT JEJO0Bamka HMCIUTHUBAHUX
jemumema y BomeHoj cpemmHu. SET-PT MexaHwW3aM HHUje TOBOJBAH MEXaHH3aM
AQHTHOKCUJIATUBHOT [I€JIOBaka TPUXHIAPOKCHIIMPHIMHA M THPOrajolia HH y jeIHOM
pacTBapauy.

[1] Y. Zhao, D. G. Truhlar, Theoretical Chemistry Accounts, 120 (2007) 215-241.

[2] M. J. Frish, G. W. Trucks, H. B. Schlegel, et al. Gaussian 09, Revision C.01,
Gaussian, Inc., Wallingford, CT, USA, (2009).

[3] A. V. Marenich, C. J. Cramer, D. G. Truhlar, The Journal of Physical Chemistry B,
113 (2009) 6378-6396.
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COMPARATIVE STUDY OF ANTIOXIDANT ACTIVITIES OF
TRIHYDROXYPYRIDINES AND PYROGALLOL

7. Milanovi¢ 2, D. Milenkovi¢ °, Z. Markovi¢ ?
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Karadzi¢a bb, 36300 Novi Pazar, Serbia; ° Bioengineering Research and Development
Center, Prvoslava Stojanoviéa 6, 34000 Kragujevac, Serbia;

e-mail: deki82@kg.ac.rs

Density Functional Theory (DFT) was used to evaluate the free radical scavenging
potency of Trihydroxypyridines (THPs) and Pyrogallol (Py). The M06-2X functional [1]
in combination with 6-311+G(d,p) basis set implemented in Gaussian program package
[2], was applied. Three possible antioxidant mechanisms were examined: hydrogen atom
transfer (HAT), single electron transfer followed by proton transfer (SET-PT) and
sequential proton loss electron transfer (SPLET) mechanisms. All of these mechanisms
have been studied in non-polar (benzene) and polar solvents (water) using an implicit
solvation model (SMD) [3]. The following thermodynamic quantities related to these
mechanisms were calculated: bond dissociation enthalpy (BDE), ionization potential
(IP), and proton affinity (PA). The HAT mechanism is most favorable reaction pathway
for antioxidative action of THPs and Py in the benzene, as non-polar solvent. On the
other hand, the SPLET mechanism is most favorable reaction pathway for antioxidative
action of investigated compounds in the aqueous phase. SET-PT is not favorable
mechanism of antioxidative action of THPs and Py in any solvents.

[1] Y. Zhao, D. G. Truhlar, Theoretical Chemistry Accounts, 120 (2007) 215-241.

[2] M. J. Frish, G. W. Trucks, H. B. Schlegel, et al. Gaussian 09, Revision C.01,
Gaussian, Inc., Wallingford, CT, USA, (2009).

[3] A. V. Marenich, C. J. Cramer, D. G. Truhlar, The Journal of Physical Chemistry B,
113 (2009) 6378-6396.
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STEKING INTERAKCIJE BIS(DITIOLENA) NIKLA

D. P. Malenov ?, D. Z. Veljkovié , M. B. Hall °, E. N. Brothers ¢, S. D. Zari¢ *°

# Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 12-16, Beograd, Srbija;
®Departman za hemiju, Teksas A&M Univerzitet College Station, Teksas, TX 77843-
3255, SAD; ° Departman za hemiju, Teksas A&M Univerzitet u Kataru, P. fah 23874,
Doha, Katar

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

Bis(ditioleni) nikla su veoma vazni kompleksi zbog svoje selektivne reaktivnosti
prema alkenima i samim time potencijalnoj primeni u procesu precis¢avanja olefina [1].
Racunarske i eksperimentalne studije ukazale su na vaznu ulogu dimerizacije kompleksa
u toku ove reakcije [2], Sto nam je dalo motivaciju da istrazimo steking interakcije
izmedu fragmenata bis(ditiolena) nikla.

g

Pretraga Kembricke baze strukturnih podataka dala je 1066 kristalnih struktura koje
sadrze fragment bis(ditiolena) nikla. U ovim kristalnim strukturama pronadene su 742
steking interakcije izmedu ovih fragmenata. Analiza geometrija ovih interakcija
pokazala je da postoje Cetiri preferentne geometrije, a najcesce su one koje sadrze bliske
Ni-S kontakte [3].

CCSD(T) i DFT proracuni pokazali su da su steking interakcije izmedu bis(ditiolena)
nikla jake. Najjace su interakcije sa bliskim Ni-S kontaktima, sa energijama interakcija
koje nadmaSuju vrednost od -10 kcal/mol [3]. Dominantna komponenta energije
interakcije je disperzija; medutim, veoma velika delokalizacija elektronske gustine iznad
helatnih prstenova omoguéava gradenje interakcija slicne jacine u velikom broju
orijentacija.

[1] K. Wang, E. I. Stiefel, Science, 291 (2001) 106-109.

[2] L. Dang, S. F. Ni, M. B. Hall, E. N. Brothers, Inorg. Chem., 53 (2014) 9692-9702.
[3] D. P. Malenov, G. V. Janji¢, V. B. Medakovi¢, M. B. Hall, S. D. Zari¢, Coord.
Chem. Rev. (2017) DOI: 10.1016/j.ccr.2016.12.020
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STACKING INTERACTIONS OF NICKEL BIS(DITHIOLENES)

D. P. Malenov ? D. Z. Veljkovié , M. B. Hall °, E. N. Brothers ¢, S. D. Zari¢ *°

# Department of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade,
Serbia; ” Department of Chemistry, Texas A&M University College Station, Texas, TX
77843-3255, USA; © Department of Chemistry, Texas A&M University at Qatar, P.O.
Box 23874, Doha, Qatar

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

Nickel bis(dithiolenes) are very important complexes due to their selective reactivity
towards alkenes and therefore potential application in olefin purification process [1].
Computational and experimental studies pointed towards the important role of
dimerization of complexes during this reaction [2], motivating us to explore the stacking
interactions between nickel bis(dithiolene) fragments.

The search of Cambridge Structural Database yielded 1066 crystal structures
containing nickel bis(dithiolene) fragment. In these crystal structures, a total of 742
stacking interactions between these fragments were found. The analysis of geometries of
these interactions showed four preferred geometries, the most frequent being the ones
containing close Ni-S contacts [3].

CCSD(T) and DFT calculations showed strong stacking between nickel
bis(dithiolene) molecules. Interactions with close Ni-S contacts are the strongest, with
interaction energies exceeding -10 kcal/mol [3]. Interaction energies are dispersion
dominated; however, very large delocalization of electron density above chelate rings
provides interactions of similar strength in a variety of orientations.

[1] K. Wang, E. I. Stiefel, Science, 291 (2001) 106-109.

[2] L. Dang, S. F. Ni, M. B. Hall, E. N. Brothers, Inorg. Chem., 53 (2014) 9692-9702.
[3] D. P. Malenov, G. V. Janji¢, V. B. Medakovi¢, M. B. Hall, S. D. Zari¢, Coord.
Chem. Rev. (2017) DOI: 10.1016/j.ccr.2016.12.020
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SINTEZA | KRISTALNA STRUKTURA METIL ESTRA
FENILALANIN AMONIJUM-TIOCIJANATA

D. Stojkovié 2, V. Jevti¢ ®, S. Trifunovi¢ °, N. Vukovié °, M. Vuki¢ °, O. Klisuri¢ ¢,
E. Avdovi¢ °, S. Joviti¢ °

® Agronomski fakultet u Cacku, Univerzitet u Kragujevcu, Cara Dusana 34, 32000
Cacak, Republika Srbija; ° Institut za hemiju, Prirodno-matematicki fakultet, Univerzitet
u Kragujevcu, Radoja Domanovica 12, 34000 Kragujevac, Republika Srbija;
“Departman za fiziku, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg
Dositeja Obradovi¢a 3 21101 Novi Sad, Republika Srbija

e-mail: danijela.stojkovic@kg.ac.rs

U 50 mL vode rastvoreno je 1,85 g (0,0086 mola) hidrohlorida metil estra
fenilalanina i 0,70 g (0,0086 mol) NH,SCN uz zagrevanje na temperaturi od 80 °C do
100 °C i intenzivno me8anje u periodu od 4-6 h. Tok reakcije proveravan je
tankoslojnom hromatografijom (toluen : aceton = 7 : 3, v/v). Po zavrdetku reakcije
rastvara¢ je pazljivo uparen na rotacionom uparivacu. Zaostaloj ohladenoj viskoznoj
smesSi dodato je 25 mL dcistog etil-acetata. Dobijeni talog je od rastvora odvojen
cedenjem, uparavanjem etilacetatnog rastvora dobijeno je novo jedinjenje.

Dobijeno jedinjenje kristalisalo je iz mati¢nog rastvora i njegova pretpostavljena
struktura potvrdena je na osnovu rezultata rendgenske strukturne analize.

Kristalografski podaci: kristalni sistem — ortorombi¢ni, prostorna grupa P2;2,2,,
veli¢ina kristala 0,43 x 0,40 x 0,24 mm, a = 6,7245(3), b = 13,4011(6),
c = 14,0438(7) A, VvV = 126557(10) A’ Z = 4 i p = 024 mm™
Utaénjavanje sa F> (162 parametara i 2471 nezavisnih refleksija) dalo je
R[F?> 26(F?)] = 0,045, wR(F?)] = 0,089, S = 1,10.

Slika 1. Molekulska struktura metil estra fenilalanin amonijum-tiocijanata
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Republic of Serbia; ® Department of Chemistry, Faculty of Science, University of
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In 50 mL of water solution 1.85g (0.0086 mol) of methyl ester
of phenylalanine hydrochloride and 0.70 g (0.0086 mol) NH,SCN was dissolved. The
mixture was heated and stirred at a temperature from 80°C to 100°C over a period from
4 t0 6 h. Progress of reaction was monitored by TLC (toluene : acetone = 7 : 3, v/v).
After completion of the reaction the solvent was carefully evaporated in a rotary
evaporator. In the viscous mixture 25 mL of pure ethyl acetate was added.

The obtained compound was crystallized from the mother solution and its proposed
structure was confirmed by X-ray structural analysis.

Crystal data: crystal system - orthorhombic, space group P2,2:2,, crystal size
0.43 x 0.40 x 0.24 mm, a = 6.7245(3), b = 13.4011(6), ¢ = 14.0438(7) A,
V = 1265.57(10) A®>, Z = 4 and p = 0.24 mm™. Refinement on F? (162 parameters and
2471 independent reflections) resulted in R[F>20(F%)] = 0.045, wR(F%)] = 0.089,
S =1.10.

Figure 1. ORTEP plot for methyl ester of phenylalanine ammonium-thiocyanate

24™ Conference of the Serbian Crystallographic Society



28 Yemena caonumersa

NOVI NISKOTEMPERATURNI POLIMORF KARNEGITA

P. Vuli¢ ? A. Radulovié °
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Nisko- i visokotemperaturne karnegitske faze (NaAlSiO,) ve¢ su preko jednog
stoleca predmet strukturnih ispitivanja, iako se ne javljaju kao minerali, ne samo zbog
velikog znacaja u razumevanju odnosa kristalnih faza u sistemu Na,0-Al,03-SiO, u
geologiji, ve¢ i zbog primene u keramici. Strukturni model visokotemperaturne faze
teseralne simetrije predloZen je jo§ 1930-ih [1], dok je niskotemperaturni model
rombiéne simetrije posle vise pokusaja reSen 1990-ih [2].

Karnegit, strukturno tektosilikat, je popunjeni derivat SiO, polimorfa kristobalita,
gde je polovina tetraedarskih pozicija popunjena Al-atomima, a balans naelektrisanja se
postize ulaskom Na-atoma u intersticijske poloZaje. Njegova struktura se moze opisati
kao paralelno slaganje slojeva $estoClanih tetracdarskih prstenova (S6R) koji su u
GDGDGD (gornji i donji poloZaj apikalnog kiseonika) konformaciji. Sekvenca slaganja
“...ABCABC...” dobija se translacijom svakog sledeceg sloja za radijus prstena u istom
pravcu. Idealizovana struktura je teseralne simetrije.

Cilj ovog rada je bio da se resi kristalna struktura nove karnegitske faze koja
izgledom rendgenskog dijagrama praha podseca na [1]. Ispitivani karnegit dobijen je
termalno indukovanom transfomacijom Na-LTA zeolita. Na rendgenskom dijagramu
praha (dobijenom koris¢enjem CuKal zracenja) pojavljuju se dodatne refleksije u
odnosu na predloZeni model Barth-a i Posnjak-a [1] (P.G. F2,3, a ~ 7,2 A). Svi
diofrakcioni maksimumi odgovaraju novoj heksagonalnoj ¢eliji (P.G. P6,, a = 5,1075(4),
¢ =12,532(1) A). Odnos izmedu dve éelije je:

ar
ay =—; ay = a;V3
H \/E H T
Utacnjavanje Ritveldovom metodom polaze¢i od modela transformisanog na novu
¢eliju ukazuje da je glavni razlog sniZenja simetrije uredenje Na-atoma duZ jedne od
prostornih dijagonala kocke. Intresticijski poloZaji su preveliki za Na-atome, koji se
zbog toga pomeraju ka periferiji.

[1] F. W. Barth, E. Posnjak, Z. Kristalogr. Krist., 81 (1932) 135-141.
[2] R. L. Withers, J. G. Thompson, Acta Crystallogr. B, 49 (1993) 614-626.
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Low- and high-temperature carnegieite (NaAlSiO,) phases, although not naturally
occurring as a mineral, were subject of detailed structural investigations, over a century.
Not only because of great importance to understanding of crystal phases relationship in
Na,0-Al,03-Si0, system in geology, but also in ceramics. High-temperature phase
structure model of cubic symmetry was proposed in early 1930°s [1], while low-
temperature model of orthorhombic symmetry, after many attempts, was solved in
1990’s [2].

Carnegieite, structurally tectosilicate, is stuffed derivative of SiO, polymorph
cristobalite, where half of tetraedral positions are occupied by Al atoms, and charge
balance is achieved by incorporation of Na atoms in closed intersticial positions. Its
structure can be described as parallel stacking of layers built up of six-membered
tetrahedral rings (S6R) in UDUDUD (up or down position of apical O atom)
conformation. The stacking sequence denoted “...ABCABC...” is achieved by
translation of each consecutive layer by the radius of the ring in the same direction
leading to the idealized cubic symmetry of the structure.

The goal of this work was to solve crystal structure of the new low-temperature
phase resembling [1]. The investigated carnegieite was obtained by zeolite thermally
induced transformation route from Na-LTA zeolite. X-ray powder diffraction pattern
(obtained by CuKal radiation) revealed additional diffraction maxima in comparison to
Barth and Posnjak [1] proposed cubic model (S.G. F2,3, a ~ 7.2 A). All the diffraction
maxima fit well with a new hexagonal cell (S.G. P6,, a = 5.1075(4), ¢ = 12.532(1) A).
The relationship between both cells being:

ac
ay = ﬁ; ay = ac\/§
Rietveld refinement with the model transformed to the new unit cell revealed that the
main reason for the lowering of the symmetry was due to ordering of Na atoms along
one of the space diagonals of the cube. Interstitial positions are too big to accommodate
Na atoms in the center so they prefer off centered position.

[1] F. W. Barth, E. Posnjak, Z. Kristalogr. Krist., 81 (1932) 135-141.
[2] R. L. Withers, J. G. Thompson, Acta Crystallogr. B, 49 (1993) 614-626.
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e-mail: edinanp@hotmail.com

Naslovno jedinjenje je dobijeno meSanjem i refluktovanjem ekvimolarnih koli¢ina
3-acetil-4-hidroksi kumarina i orto-toluidina u metanolu. Tok reakcije je pra¢en pomocu
TLC (toluen:aceton = 7:3). Nakon zavr3ene reakcije rastvor se hladi do sobne
temperature. Dobijeni Zuti kristali se suSe na vazduhu. Prekstalizacija je vr3ena iz
metanola.

Pretpostavljena struktura dobijenog jedinjenja potvrdena je na osnovu rezultata
rendgenske strukturne analize.

Kristalografski podaci: monkliniéni kristalni sistem, prostorna grupa P2;/c_ veli¢ina
kristala 0,5011 x 0,2661 x 0,1141 mm®, a = 8,3323(3), b = 21,8044(7), ¢ = 8,3954(4) A,
B = 111,054(4)°, V = 142346(10) A%, Z = 4, p, = 1,369 g/cm’, p = 0,094 mm™,
R1 = 0,0355, wR2 = 0,0864.

Slika 1. Molekulska struktura 3-(1-o-toluidin-etiliden)-hroman-2,4-diona
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The title compound was prepared by mixing and refluxing equimolar amounts of 3-
acetyl-4-hydroxy coumarin and ortho-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 P2,/c, crystal size
0.5011 x 0.2661 x 0.1141 mm°® a = 8.3323(3), b = 21.8044(7), ¢ = 8.3954(4) A,
B =111.054(4)°, V = 1423.46(10) A3 Z = 4, p, = 1.369 g/cm®, u = 0.094 mm™,
R1 =0.0355, wR2 = 0.0864.

Figure 1. Molecular structure of 3-(1-o-toluidino-ethylidene)-chromane-2,4-dione
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ITPOYYABAIBE HEKOBAJIEHTHUX MHTEPAKIIMJA X-H
OPAI'MEHTA CA IETOYJIAHUM XEJIATHUM ITPCTEHOM
KBAJIPATHO-IINTAHAPHUX KOMIIVIEKCA IIPEJIAZHUX
METAJIA

W. C. Auronnjesuh ®, M. JI. Mustocasmwesuh °, C. JI. 3apuh °°

* Uncmumym 3a xemujy, mexnono2ujy u memanypeujy, becoweea 12, Beoepao, Cpbuja;
bXeMujCKu Gaxyimem Yuusepsumema y Beoepady, Cmydenmcku mpe 12-16, Beoepao,
Cpbuja; “ Texas A&M Yuueepzumem y Kamapy P.O. Box 23874, Hoxa, Kamap

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

X-H'nt m X-H"M HekoBasieHTHE HHTEpaKlH{je Cy INPETNo3HaTe M HCIHUTHUBAHE Y
KPUCTATHUM CTPYKTypaMa XeJIaTHHX KOMIUTeKca mpenasnux merana [1,2]. YV oBom pany
Cy IpoydaBaHE HEKOBAJICHTHE HHTEPAKIMje KBaAPATHO-TUIAHAPHUX KOMIUIEKCA KOjU
cajpxe nerowiaHu xenatHu npcreH ca X-H unTeparyjyhum dparmenrom. IIperparom
Kemb6puuke 6a3e CTpyKTYpHHX MoJaTaka mpeMa 3aiaTuM Kputepujymuma (ciamka 1),
npoHnaleHo je ykynHo 2428 kpuctanHux cTpykrypa u 5290 KoHTaKara.

X
5
AN \\ {
N
d\‘\ o >110°
\/B
1 B <30°
xz\/w\ g\/rw 4<604A
Xﬁ—x4

Cuamnka 1. Kpurepujymu kopuurhenu 3a nperpary KemOpuuke 6a3e cTpykTypHUX
nojiaTaka

CTaTHCTHYKA aHAJIW3a PA3IUYUTUX TEOMETPHUjCKHX MapaMeTapa je Mmokasana Ja cy y
Behman KkoHTakata d pactojama ox 3,0 mo 3,1 A. Hajuemhm atom X m3 X-H
naTeparyjyher ¢parmenrta je atom yrieeHmka (y 5063 xonrakra). Haj3actymbeHuju
xenaTHH npcteH caapxu S-C-C-S arome y HaBenenoM pemocieny (1775 koHTakara) mpu
yemy ce y Hajehem Opojy KOHTakaTra ca OBHM THIIOM XEJIaTHOT NPCTEHA Hajla3d aToM
HHKJIA.

Ha ocHoBy mapamerapa 1o0MjeHHX HpeTparoM, yTBpheH je nmpedepeHTHH I10JI0XKa]
aromMa BomoHnka X-H ¢parmMeHTa W3HAA XENATHOT MpPCTEHa. BH3yenHOM aHaIM30M
KPHUCTAJIHUX CTPYKTypa yTBpleHe cy Hajuemihe CTpyKType 3a Koje Cy M3padyHare Mare
€JICKTPOCTATUYKOT MMOTEHIIMjalla, a KOje Cy y CarJlaCHOCTH ca pe3yNTaTuMa nperpare.

[1] D. Sredojevi¢, G. A. Bogdanovi¢, Z. D. Tomié, S. D. Zari¢, CrystEngComm, 9
(2007) 793-798.

[2] G. V. Janji¢, M. D. Milosavljevi¢, D. Z. Veljkovié, S. D. Zarié, Phys. Chem. Chem.
Phys. 19 (2017) 8657-8660.
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THE STUDY OF NONCOVALENT INTERACTIONS BETWEEN
X-H FRAGMENT AND A FIVE-MEMBER CHELATE RING OF
SQUARE-PLANAR TRANSITION METAL COMPLEXES

I. S. Antonijevi¢ ?, M. D. Milosavljevi¢ ®'S.D. Zarié¢ °°

# Institute for Chemistry, Technology and Metallurgy, Njegoseva 12, Belgrade, Serbia;
®Department of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade,
Serbia; © Department of Chemistry, Texas A&M University at Qatar, P .O. Box 23874,
Doha, Qatar

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

X-H'n and X-H"M noncovalent interactions [1,2] have been identified and
investigated in crystal structures of square-planar transition-metal complexes. In this
study noncovalent interactions between square-planar complexes which contain a five-
membered chelate ring and X-H fragment were investigated. By searching the
Cambridge Structural Database (CSD) according to defined criteria, we found a total of
2428 crystal structures and 5290 contacts.

Statistical analysis of different geometric parameters showed that in most of the
contacts distance d is in the range of 3.0 to 3.1 A. The most frequent atom X from the X-
H interacting fragment is carbon atom (in 5063 contacts). The most common chelate ring
contain S-C-C-S atoms in mentioned order (1775 contacts) wherein the majority of
contacts with this type of the chelate ring contain a nickel atom (Figure 2).

\\u-
‘f,,,/ / \/
_//\_ _)' '/
/\\

Figure 2. Example of crystal structure (AWIHAP) with X-H = interaction

On the basis of parameters obtained by CSD search, the preferred position of
hydrogen atom (from X-H fragment) over the chelate ring was determined. By visual
analysis of crystal structures the most frequent crystal structures have been established.
For these structures the electrostatic potential maps were calculated. These maps are in
accordance with the results obtained from CSD.

[1] D. Sredojevi¢, G. A. Bogdanovi¢, Z. D. Tomié, S. D. Zari¢, CrystEngComm, 9
(2007) 793-798.

[2] G. V. Janji¢, M. D. Milosavljevi¢, D. Z. Veljkovié¢, S. D. Zari¢, Phys. Chem. Chem.
Phys. 19 (2017) 8657-8660.
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MODIFIKOVANA VODENA SOL-GEL METODA ZA SINTEZU
SLOZENIH METALNIH OKSIDA NA BAZI VOLFRAMA

J. Bijeli¢  B. Markovi¢ ® A. Ster % B. Matasovi¢ °, E. Kova¢ Andri¢ ? T.
Pordevi¢ °, M. Bijeli¢ °, 1. Djerdj ®

& Sveuciliste Josipa Jurja Strossmayera u Osijeku, Odjel za kemiju, Cara Hadrijana 8/A,
31 000 Osijek, Hrvatska; °Institut fuer Mineralogie und Kristallographie, Universitat
Wien, Althanstrasse 14, A-1090 Wien, Austrija; “Sveuciliste u Zagrebu, Prirodoslovno-
matematicki fakultet, Fizicki odsjek, Bijenicka 32, 10000 Zagreb, Hrvatska

e-mail: igor.djerdj@kemija.unios.hr

Feromagnetizam i feroelektricitet su kljuéni u mnogim aspektima moderne
tehnologije zbog Cega se javlja potreba za sintezom materijala koji pokazuju ova
svojstva. Cilj ovog istraZivanja je sinteza nanoCestica kompleksnih perovskita tipa
A3B,WO, (A = zemnoalkalni metal, B = prelazni metal) posebno modifikovanom sol-gel
metodom koja ¢e zahtevati manje vremena u odnosu na odgovarajuce sinteze u cvrstom
stanju. Sintetisane su nanoCestice SrzFe,WOq i BasFe, WO, modifikovanom Pechnini-
jevom metodom koriste¢i rastvor limunske kiseline pri pH=5 (uz koncentrovani rastvor
amonijaka), nitratne soli stroncijuma i barijuma i amonijum volframat. Dobijeni prah je
podvrgnut kalcinacijama u dva stepena pri razli¢itim temperaturama. Dobijeni materijali
su okarakterisani rendgenskom difrakcijom na prahu (PXRD), FT-IR spektroskopijom,
skenirajuéom elektronskom mikroskopijom (SEM), transmisionom elektronskom
mikroskopijom (TEM) i energetsko disperzivnom rendgenskom spektroskopijom. Ovi
rezultati pokazali su da se sintetisani uzorci sastoje od 96% ciljanih AsFe,WQqy (A=Sr,
Ba) jedinjenja, odnosno da su veli¢ine kristalita ostale male (od 15 nm do 27 nm) iako je
kalcinacija vr8ena pri vrlo visokim temperaturama.

Metalni katjoni od:

Ba(NO;), ili Sr(NO;),,
Limunska kiselina(10%) Fe(NOs); x9H,0,
(NH:)soH2(W205)s

pH=5(koncentrisani rastvor

Cisti rastvor e
amonijaka)

grejanje Isparavanje
rastvaraéa(95 °C)

Kalcinacija u 2
stepena

(600°C-8h
950°C-12h)

Prah
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MODIFIED AQUEOUS SOL-GEL ROUTE TOWARDS COMPLEX
METAL OXIDES CONTAINING TUNGSTEN

J. Bijeli¢  B. Markovi¢ ® A. Ster % B. Matasovi¢ °, E. Kova¢ Andri¢ ? T.
Pordevi¢ °, M. Bijeli¢ °, 1. Djerdj ®

& Josip Juraj Strossmayer University of Osijek, Department of Chemistry, Cara
Hadrijana 8/A, 31 000 Osijek, Croatia; ° Institut fuer Mineralogie und Kristallographie,
Universitat Wien, Althanstrasse 14, A-1090 Wien, Austria; © University of Zagreb,
Faculty of Science, Department of Physics, Bijenic¢ka road 32, 10000 Zagreb, Croatia
e-mail: igor.djerdj@kemija.unios.hr

Ferromagnetism and ferroelectricity are essential in numerous aspects of modern
technology wherefore a need for sythesising materials which have these properties
appears. The main goal of this research is synthesis of complex perovskite nanoparticles
with A3B,WOg (A = earthalkali metal, B = transition metal) structure type by using
specially modified sol-gel method reducing the time needed employing solid-state
methods. Nanoparticles of SrsFe,WOg and BasFe,WOg have been synthesized using
modified Pechini route with citric acid solution at pH=5 (using concentrated ammonia
solution), nitrate salts of strontium and barium and ammonium tungstate. Obtained
powder has been calcined in a two-step process at different temperatures. These
materials have been extensively studied using powder X-ray diffraction (PXRD), FT-IR
spectroscopy, scanning electron microscopy (SEM), transmission electron microscopy
(TEM) and energy disperssive X-ray diffraction spectroscopy (EDX). As obtained
results have revealed that synthesized materials are 96 wt % pure and their average
crystallite size has remained in nanometer range (15 nm to 27 nm) despite the high
calcination temperatures.

Metal cations from:

Ba(NO:), or Sr{NO:);,
(10%) Fe(NOs); X9H,0,
(NH!‘)mHZ(WZO7)S

=N

Citric aci

:

pH adjustment {concentrated

Clear solution i .
ammonia solution)

heating | Solvent evaporation
(95°C)

Twostep

Powder precursor SR b

(600°C-8 h
950°C-12 h)
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CTEKHUHI' THTEPAKIIMJE UBMEBY IPCTEHOBA
OPOPMUPAHUX BOJOHUYHUM BE3UBAIBEM U
APOMATHYHUX ITPCTEHOBA

J. Baarojesuh ®@uuunosuh *°, JI. %K. Be:skosuh *, C. J.3apuh *°

¢ Xemujcxku ¢paxynmem, Yuueepzumem y Beozpady, Cmydewmcku mpe 12-16, 11000
beoepao; ® UXTM, Yuusepszumem y bBeoepaody, Hecowesa 12, 11000 beoepao,
¢ Xemujcxu gpaxyrmem, Texcac A&M Yuueepsumem y Kamapy, 23874 Jloxa, Kamap
e-mail: szaric@chem.bg.ac.rs

CrekuHr UHTEpakiyje u3mely apoOMaTHYHUX MPCTEHOBA U MPCTECHOBA (OPMHUPAHHUX
BOJIOHMYHHMM BE3MBamEM Cy TpoydaBaHe IperparoM KemOpuuke 0a3ze CTpyKTYpHHX
nogaraka (CSD) u KBaHTHO-MEXaHUYKHUM MPOpadyHHMa BUCOKOT HHBOA.

INapanenun koHTakTH M3Mely mimaHapHHX MpcTeHOBAa (OPMHUPAHUX BOJOHUYHUM
BE3UBAEM, KOjHU MMajy camMo MpocTe Be3e y mnpcreHy U Cg-apoMaTHYHHX HPCTEHOBA
(cmuxka 1a), ynne 21% (221 konTakT) of ykymHO 1053 mpcTeHa oBor Thmna, opMupaHux
BOJIOHHYHMM Be3uBameM. HopMmanua pactojama cy tunmuna 3a crekunr (3.0-4.0 A).
WnaTepakmuja mu3Mel)y MoJexyia 2-MeTWIHISHXHApasHHKapOoTHoamMuna W OeH3eHa,
pauynata Ha CCSD(T)/CBS nuBOy, n3aocu —4.38 kcal/mol u ckopo je mogjemHako jaka
Kao CTEKHWHI JUMepa 2-MeTHIHAcHXHUIpasuHKkapoboTnoamuaa (—4.89 kcal/mol) [1], mro
j€ 3aHUMJBMBO, C OO3UPOM J1a MOJEKY1 OCH3eHa HE MOCeAyje AUIMOIHH MOMCHT.
Jucnep3rona KOMIOHeHTa UMa HajBeht yzaeo y npuBnademy [2].

(@) (b)

Crnuka 1: CTpyKTypHH MOTHBH IIpoy4yaBanu npetparom CSD
Konraktu usmely npcreHoBa (hopMHpaHUX BOJAOHHYHUM BE3UBAHEM M apOMATHYHHX
NPCTEHOBA Y CTPYKTypama INpHKa3aHMM Ha ciuii 1b cy oko Tpu myra OpojHHjH OX
KoHTakata usMmely gaBa mpcreHa (opMmMHpaHa BOJOHMYHHAM BE3UBAHKEM MM J1Ba
apoMaThYHa IPCTEHA, KOjU Cy CKOpO MmojjeaHako Opojuu. IIpopauyHu eHepruje cy y
CKJIay ca pe3y/ITaTHMa MpeTpare, MOIITO Cy jaye MHTEPaKIMje y OpHjeHTalldjamMa Te je
Mmoryhe rpaljerse nBa KOHTaKTa M3Mel)y mpcTeHa (popMHUpaHOT BOZOHHYHUM BE3HBAHEM
n apomatnyHor npcrena (—12,26 kcal/mol) (koje cy, mpu ToMe, Hy>)KHO aHTUIIApaJIeHe),
Hero y ciy4ajy mapanenHux opujeHtanuja (—9,07 kcal/mol), rae mocroju KOHTaKT
n3mel)y nBa mpcreHa ¢opMupaHa BOJOHMYHMM BE3HMBakbeM M KOHTAKT n3Mmely naBa
apoMaTH4YHa TIIPCTEHa, IITO ce o0jalimaBa IOBOJBHUJOM  aHTHIIAPAICITHOM
opHjeHTaIujoM aumnona [2].

[1]J. Blagojevi¢, S. D. Zari¢, Chem. Commun, 51 (2015) 12989-12991.
[2] J. Blagojevi¢, D. Z. Veljkovi¢, S. D. Zarié¢, CrystEngComm, 19 (2017) 40-46.
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STACKING INTERACTIONS BETWEEN HYDROGEN-BRIDGED
AND AROMATIC RINGS

J. Blagojevié Filipovi¢ *°, D. Z. Veljkovi¢ % S. D. Zarié *°

 Department of Chemistry, University of Belgrade, Studentski trg 12-16, 11000
Belgrade, Serbia; ° ICTM, University of Belgrade, Njegoseva 12, 11000 Belgrade,
Serbia; °Department of Chemistry, Texas A&M University at Qatar, P.O. Box 23874,
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e-mail: szaric@chem.bg.ac.rs

Stacking interactions between aromatic and hydrogen-bridged rings are studied by
CSD search and by calculating the interaction energyes at high quantum mechanical
level.

A CSD search reveals 221 parallel contacts between planar hydrogen-bridged rings
with only single bonds in the ring and Cs-aromatic rings (Figure 1a), which makes 21%
of totally 1053 hydrogen-bridged rings of this type. Normal distances are typical for
stacking (3.0-4.0 A). Interaction energy is calculated at CCSD(T)/CBS level, between 2-
methylidenehydrazinecarbothioamide and benzene molecules. The interaction (—4.38
kcal/mol) is almost equally strong as stacking of 2-methylidenehydrazinecarbothioamide
dimer (—4.89 kcal/mol) [1], which is interesting, since benzene molecule does not
possess dipole moment. Dispersion is the major contribution to attraction [2].

(a) (b)
Figure 1. Structural motifs inspected by CSD search

Structural motif presented in Figure 1b is particularly frequent in crystal structures
and it is inspected more closely. Contacts between hydrogen-bridged and aromatic rings
in crystal structures of the species shown in Figure 1b are roughly three times as frequent
as contacts between two hydrogen-bridged or two aromatic rings in these crystal
structures, which are approximately equally frequent. The energy calculations are in
agreement with the results from CSD, since interactions are stronger for alignment that
allows two contacts between hydrogen-bridged and aromatic rings (—12.26 kcal/mol)
and which is, consequently, antiparallel, than in case of parallel alignment, where a
contact between two hydrogen-bridged rings and a contact between two aromatic rings
occur (—9.07 kcal/mol). This can be explained by antiparallel position of dipoles, which
is more favorable [2].

[1]1. Blagojevié, S. D. Zari¢, Chem. Commun, 51 (2015) 12989-12991.
[2] J. Blagojevié, D. Z. Veljkovi¢, S. D. Zarié, CrystEngComm, 19 (2017) 40-46.
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CTPYKTYPHA KAPAKTEPU3AIIMJA TAHKUX ®UJIMOBA CA
CJIOJEBUMA BaTiO3/NiFe;O4

E. Byphuh 4 B. Bajau °, C. Pakuh®, %K. LiBejuh *, B. B. Cpauh °

& Ipupoono-wamemamuuxu axyimem, Jlenapmman 3a @usuxy, Yuueepsumem y
Hosom Caoy, Tpe [ocumeja Obpaodosuha 4, Hoeu Cao, Cpbuja; > Texronowxu
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Bynesap yapa Jlazapa 1, Hoeu Cao, Cpouja

e-mail: elvira.djurdjic@df.uns.ac.rs

VY mocienmsux HEKOTUKO TOAWHA, Pa3Boj HOBMX MaTepHjasia je JOIMPHHEO H3Yy3eTHO
Op3oM pa3Bojy caBpeMeHe WHAyCTpHje. MynTH(EpOHIn Cy Tpyla MaTeprjaia Koja uMa
MNOTCHIMjaJTHO BEJIMKY NPUMEHY Yy TPOW3BOJmU MHKpounnoBa. OBa HOBa rpyma
MyATHQYHKIIMOHATHUX ~ MaTepHjala Hala3d TMoceOHy TpuMeHy y  obiactu
MHUKPOEJICKTPOHHUKE 300T EHUXOBE jEAMHCTBCHE CIIOCOOHOCTHU Jla MCIOJhaBajy BHIIE O]
jemHor (epoeneKTpUUHOT/(hepOMarHeTHOT CBOjcTBA. L[MJb OBOT MCTpakHMBama je 1a ce
U3BpUIM  CTPYKTypHa  KapakTepu3aldja  BHIIECIOjHOI  TaHKOr  ¢uiama, ca
¢bepoenexrpuunum (BaTiOz) u pepomarneraum (NiFe,0,4) cnojeBima, nodujeHor ,,Spin
coating* TeXHHKOM HaHOLICHa (HHIMa HA CHIMIHjyMCKH CyOCTpaT.

OBakBa CTpPyKTypa TaHKOr (uima, ca JABaHAeCT cCiojeBa, o3HadeHa kao B3N3l12,
onrpeBana je Ha 750 °C y toky 30 mumuyrta. Jla Om ce W3BpIIMIAa CTPYKTypHA
KapakTepu3alfja KOpuiheHe ¢y IBe TeXHUKe: Audpakipja peHAreHCKUX 3paka u Paman
CIIEKTPOCKOTMHja. AHajHM3e Cy MoKazaje Aa cy (pHIMOBH MHOTIIYHO KPHCTAJIMYHH, Ca
cnuHeTHOM (hazoM (depuTa W MEPOBCKUTHOM (pa3oM THUTaHaTa Kao M Ja HE IOCTOje
ceKkyHIapHe ¢a3e wu3Mely (epuTHHX W THUTaHATHHX CiojeBa. TwuraHaTtHa ¢asza je
MoKasana MHOTO OOJbM OJ3MB KOJ TU(paKIMje PEeHAreHCKHX 3paka IITO je MOoCJIeanla
BeJIMUMHE aToMa Oapujyma. 3a pa3iuKy o] OBe TEXHHKE, KOJ PaMaHCKe CIIeKTpOoCKomHje
je wmHoOro Oospm om3uB gao NiFe,O, 300r mM3pakeHUX AaKTHBHHX MOJOBa
KapakTepUCTHYHUX 3a CIMHENHe CTPYKTypy. Jlemo neduHucana rycra ciojeBuTa
CTPYKTypa, IJlaTKa M MCHylaja IOBpIIMHA Kao M nebspuHa ¢(uima ong oko 600 nm
yTBph)eHe Cy Ha OCHOBY pe3yiraTa M CHHMMaka ca CKeHupajyher enekTpoHCKOr
Mukpockomna (SEM).
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STRUCTURAL CHARACTERIZATION OF BaTiO3/NiFe;O4 THIN
FILMS

E. Purdi¢ ?, B. Bajac °, S. Raki¢ 2, Z. Cveji¢ %, V. V. Srdi¢ °

® Faculty of Sciences, Department of Physics, University of Novi Sad, Trg Dositeja
Obradovica 4, Novi Sad, Serbia; ® Faculty of Technology, Department of Materials
Engineering, University of Novi Sad, Bulevar cara Lazara 1, Novi Sad, Serbia

e-mail: elvira.djurdjic@df.uns.ac.rs

In recent years, discovery of new materials has led to rapid development of modern

industry. One promising group of materials with potential application in microchip
industry are multiferroics. This novel group of multifunctional materials has found a
special application in field of microelectronics due to their unique ability to exhibit more
than one ferroic property. The aim of this research was to perform structural
characterization of multilayer thin film structure composed of ferroelectric (BaTiO3) and
ferromagnetic (NiFe,0,) layers, obtained by spin coating deposition technique of silicon
substrates.
Twelve layer structure, denoted as BsNs12, was sintered at 750 °C for 30 min.
Combination of two techniques was required for structural phase characterization, X-ray
diffraction and Raman spectroscopy. It has been found that films are fully crystalline,
with spinel ferrite and perovskite titanate phase and no secondary phases between layers.
Titanate phase had stronger response in X-ray diffraction patterns due to larger Ba
atoms, but NiFe,O, showed very strong response in Raman spectrum due to strong
active raman modes of spinel structure. From SEM micrographs, in has been found that
films are around 600 nm thick, with defined dense layer structure, smooth and crack
surface.
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ANTIOKSIDATIVNE OSOBINE ANJONSKIH VRSTA
DIHIDROKSIBENZOEVIH KISELINA

J. Porovié 2, D. Milenkovié 2, A. Ami¢ °, Z. Markovi¢ °©
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Kragujevac, Srbija; ° Departman za Biologiju, Sveuciliste Josip Juraj Strossmayer, Cara
Hadrijana 8a, HR-31000 Osijek, Hrvatska; ° Drzavni univerzitet u Novom Pazaru,
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Srbija

e-mail: jelena.djorovic@kg.ac.rs

Smatra se da su dihidroksibenzoeve kiseline (DHBA) jedinjenja koja poseduju dobre
antioksidativne osobine [1,2]. DHBA u svojoj strukturi imaju karboksilnu grupu koja se
lako moZe deprotonovati, a ovu pretpostavku potvrduju i niske pKa vrednosti
karboksilne grupe ovih jedinjenja. Ocekuje se da na fizioloskom pH (7,4) DHBA
najCesce postoje upravo kao anjonske vrste, tj, karboksilatni anjoni. Za odredivanje
antioksidativnh osobina karboksilatnih anjona 2,4-, 2,5-, i 3,5-dihidroksibenzoevih
kiselina (slika 1) koriS¢en je M05-2X/6-311++G(d,p) teorijski model [3].

Of .f QIQ
Jj/‘(‘ J*/‘ *‘P/‘JJ
5 _JJ‘J‘&) J'/‘"'J

2,4-DHBA 2,5-DHBA 3,5-DHBA

Slika 1. Najstabilnije strukture prou¢avanih anjonskih vrsta DHBA

Izracunati su termodinamicki parametri koji opisuju antioksidativne mehanizme
ispitivanih anjonskih vrsta u vodi i benzenu. Prenos jednog elektrona pracen prenosom
protona (SET-PT) nije verovatan mehanizam u ispitivanim rastvara¢ima. Transfer atoma
vodonika (HAT) je prioritetan reakcioni put u benzenu, dok je sekvencionalni gubitak
protona praten gubitkom elektrona (SPLET) dominantan reakcioni put u polarnom
rastvaracu, vodi, za sve ispitivane vrste. Izraunate entalpije reakcija ispitivanih
antioksidativnih mehanizama pokazuju da polarnost rastvaraca u kome se reakcija
odigrava i osobine slobodnoradikalskih vrsta uticu na utvrdivanje termodinamcki
napovoljnijeg mehanizma.

[1] Y.Z. Cai, M. Sun, J. Xing, Q. Luo, H. Corke, Life Sciences, 78 (2006) 2872-2888.
[2] D. Milenkovi¢, J. Porovi¢, S. Jeremi¢, J. M. Dimitri¢ Markovi¢, E. H. Avdovi¢, Z.
Markovi¢, Journal of Chemistry, 2017 (2017) 9 p.

[3] Y. Zhao, N. E. Schultz, D. G. Truhlar, The Journal of Chemical Physics, 123 (2005)
161103-1-161103-4.
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RADICAL SCAVENGING POTENCY OF ANIONIC SPECIES OF
DIHYDROXYBENZOIC ACIDS
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Cara Hadrijana 8a, HR-31000 Osijek, Croatia; ° State University of Novi Pazar,
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e-mail: jelena.djorovic@kg.ac.rs

Dihydroxybenzoic acids (DHBA) are considered to be a good antioxidants [1,2].
These acids in their structure posses carboxyl group, which can easily be deprotonated,
and low pKa values of carboxylic group for these compounds confirming this
assumption. It is reasonable to expect that DHBAs are mostly present as carboxylate
anions at physiological pH of 7.4. In the present study the M05-2X/6-311++G(d,p)
theoretical model [3] was used to evaluate radical scavenging potency of the anionic
species of 2,4-, 2,5-, and 3,5-dihydroxybenzoic acids (Figure 1).

0,0, s,0 oy
‘5/’0/‘ ’.(‘ *;‘J‘
9 J«J‘) J'/“)‘.’)

2,4-DHBA 2,5-DHBA 3.5-DHBA

Figure 1. The most stable structures of the studied anionic species of DHBAS

Thermodynamic parametars related to the antioxidant mechanisms of the examined
anionic species were calculated in water and benzene. The single electron transfer
followed by proton transfer (SET-PT) is not favorable reaction path in investigated
enviroments. Hydrogen atom transfer (HAT) is the preferred reaction path in benzene,
while sequential proton loss electron transfer (SPLET) is the predominant reaction path
in polar solvent, water, for all studied species. The approach based on the reaction
enthalpies related to the studied antioxidant mechanisms indicate that
thermodynamically favoured mechanism depends on the polarity of the reaction media
and properties of scavenged free radical reactive species.

[1] Y.Z. Cai, M. Sun, J. Xing, Q. Luo, H. Corke, Life Sciences, 78 (2006) 2872-2888.
[2] D. Milenkovi¢, J. Porovi¢, S. Jeremié¢, J. M. Dimitri¢ Markovi¢, E. H. Avdovi¢, Z
Markovi¢, Journal of Chemistry, 2017 (2017) 9 p.

[3] Y. Zhao, N. E. Schultz, D. G. Truhlar, The Journal of Chemical Physics, 123 (2005)
161103-1-161103-4.
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NHTEPAKIIMJE APOMATUYHUX I'PYITIA Y KPUCTAJIUMA

JI. B. Hunxosuh *°, J. M. Augpuh ?, I. M. Craukosuh ¢, C. JI. 3apuh *°

& Unosayuonu yenmap Xemujcxoe paxynmema Ynusepsumem y Beozpady, Cmyodenmcku
mpe 12-16, 11000 beoepao, Cpbuja; b Jenapmman 3a xemujy, Texcac A&M
Yuueepsumem y Kamapy, Ilowmancku ¢pax 23874, Hoxa, Kamap; ¢ Hucmumym 3a
Xemujy, mexnono2ujy u memanypeujy, Ynusepsumem y Beocpaoy, Fbecowesa 12, 11000
beoepao, Cpouja; d Xemujcku gpaxyamem, Yuusepsumem y Beozpady, Cmyoenmcku mpe
12-16, 11000 beoepao, Cpouja

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

ApoMaTHYHO-apOMaTHYHE HWHTEpaKlyje Cy 3HauyajHe y OpOJHUM MOJIEKYJICKHM
cHCTeMUMa, O]l OMOMOJIEKYyJa JI0 KpHCTalla, U HMMajy BaXXHY YJOTY y Ppa3In4uTHM
obiacTIMa O MOJIEKYJICKOT Mperno3HaBama © KaTanuse a0 Tpancmopra [1].
ApomaTHyHe Tpyle MMajy BelWKe IDIaHapHE IMOBPIIMHE W 3aTO MOTY OMTH OWTHE Yy
KPHCTAJTHOM MaKOBambY.

Hajuemthe apomaTudHO-apoMaTHYHE T€OMETPHje CMO MpeTpaxiiu y KemOpuukoj
6asu cTpykTypHuX nomaraka u IIporemHckoj Oanmum mopmataka u ypaguwiau cmo DT
npopayyHe eHepruje MHTepakKiyje U eJIeKTPOCTaTHIKOr NoTeHuujaia. [IpoyyaBanu cmo
YETUPH CHUCTEMA: apOMaTHU4HE IpyIe y MaJUM MojeKynuma [2] u nporeunuma [3], u -
OH cynctutyucane apoMaTH4He TPyIe Y MaJUM MOJIEKYJIHMa U IPOTEHHUMA.

Kpucranorpagdcke cTpykType Maaux MOJEKy/Ia TeXe Jia ce MaKyjy IapajeinHo, J0K
CTPYKTYpe NPOTEHHA HE Texe 300I Tora LITO MHTEpaKIHje Y YHYTPAUIKOCTH NPOTEHHA
HHCY KpHcTanorpadeke (ciuka 1).

- / it L~
Cimka 1. ApomatudHe HHTEpaKLyje y IPOTeHHUMA (JIEBO) M Y MAJIUM MOJIEKYJIUMa (IECHO).

WnrepecantHo je na -OH cyncTuTyeHT He yTude 3Ha4ajHO HA I[IAKOBambE HUTH Ha
eHeprujy mHrepakuuje. Ha ocHOBy Tora Moxe ce 3aKJbYYWTH Jia Cy CTEpHH (akTopu
JIOMUHAHTHU Y OJJTHOCY Ha €HEPreTCKe.

[1] L. M. Salonen, M. Ellermann, F. Diederich, Angew. Chem. Int. Ed. 50 (2011) 4808-
4842.

[2] D. B. Ninkovi¢, G. V. Janji¢, D. 7. Veljkovi¢, D. N. Sredojevi¢, S. D. Zarié,
ChemPhysChem, 12 (2011) 3511-3514.

[3] D. B. Ninkovi¢, J. M. Andri¢, S. N. Malkov, S. D. Zari¢, Phys. Chem. Chem. Phys.
16 (2014) 11173-11177.
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AROMATIC INTERACTIONS IN CRYSTALS

D. B. Ninkovié *°, J. M. Andrié &, I. M. Stankovi¢ ¢, S. D. Zari¢ ¢
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Aromatic—aromatic interactions are of great importance in numerous molecular
systems, from biomolecules to molecular crystals, and play an important role in different
fields ranging from molecular recognition and catalysis to transport [1]. Aromatic
moieties have large planar surfaces, thus can be important for crystal packing.

We searched the Cambridge Structural Database and Protein Data Bank for the most
frequent aromatic-aromatic geometries and performed DFT calculations of interaction
energy and electrostatic potential. We studied four different systems: aromatic groups in
small molecules [2] and proteins [3], and an —OH substituted aromatic groups in small
molecules and in proteins.

The small molecule crystallographic structures show tendency for parallel stacking,
while the protein structures do not, as the protein interior interactions are not
crystallographic (Figure 1).

y \§

y g
y A #

Figure 1. Aromatic interactions in prot:e-i'ns (left), and in small molecule crystals (right).

Interestingly, the —OH substituent does not have large influence on packing or
energy. It seems that in the studied systems steric factors play more important role than
the energetic ones.

[1] L. M. Salonen, M. Ellermann, F. Diederich, Angew. Chem. Int. Ed. 50 (2011) 4808-
4842,

[2] D. B. Ninkovi¢, G. V. Janji¢, D. 7. Veljkovi¢, D. N. Sredojevi¢, S. D. Zarié,
ChemPhysChem, 12 (2011) 3511-3514.

[3] D. B. Ninkovi¢, J. M. Andri¢, S. N. Malkov, S. D. Zari¢, Phys. Chem. Chem. Phys.
16 (2014) 11173-11177.
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AKIHEIITOPCKA CBOJCTBA O...0 PPAI'MEHTA
N3 HEKUX JEPUBATA BAHUJIMHA
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e-mail: snovak@vin.bg.ac.rs

Ha ocHOBY craTHcTHUKe aHaNM3e rmojaTaka qoOHMjeHnx mperparoM KemOpmake 6aze
CTPYKTYpHUX NOJATaKa, MCIUTHBAJIM CMO CTPYKTypHAa CBOjCTBa JepHBaTa BaHWIMHA H
akenropcka cojcta O...0 cucremMa KOju yia3ul y cacTaB OBHX jenumerba. [lokazaHo je
Ja y Bume ox 90% ciydajeBa, (parMeHT HMa MPEABHAJBUBE TI'€OMETPH]jCKE
KapaKTePHCTHKe, I7Ie Ba aTOMa KHCEOHMKa ocTBapyjy kpatke O...0 konrtakre (2,57 Ay
npoceky), 1ok O-CyNCTHTYEHTH 3ay3uMajy TPaHC-OpHjEHTAllMjy M KOIUIAaHApHHU Cy ca
¢dbeHmHUM TpCTEHOM. TakaB TMOJIOKAj aTOMa KHUCCOHHKA YCIOBJbaBa (DOPMHUPHE
MpaBUJIHE, BEJHMKE OOJACTH HETaTHBHOT CJICKTPOCTATHYKOI TOTCHIMjala Koja je
MIOTO/IHA 32 OCTBAPHUBAILE BUILIECTPYKUX BOJOHUYHHUX BE3a.
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ACCEPTOR PROPERTIES OF O...0 FRAGMENT
FROM SOME VANILLIN DERIVATIVES

G. A. Bogdanovi¢ ? B. D. Ostoji¢ °, S. B. Novakovi¢ *
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Belgrade, Serbia

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

Statistical analysis of data extracted from the Cambridge Structural Database has
been used to investigate the crystal structure properties of vanillin derivatives, and the
acceptor abilities of the O...0 system belonging to this compounds. It has been shown
that in more than 90% of cases the fragment has predictable geometrical characteristics
where the two ether oxygens form short interatomic O...O contact (2.57 A in average),
while O-substitutents take trans positions, both approximately coplanar with the benzene
ring. Such arrangement of oxygen acceptors produces a large and uniform area of the
negative electrostatic potential suitable for multiple hydrogen bonding.
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NHTEPAKIIMJE 'PA®EHCKUX IIVIOYHNLA CA B-
INIOYUIIAMA AMUIOHJA
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&Science Program, Texas A&M University at Qatar, Texas A&M Engineering Building,
Education City, Doha, Qatar; b Xemujcku paxynmem Ywuusepzumema y beoepaoy,
Cmyoenmcku mpe 12-16, beoepao, Cpouja
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HenaBHO je OTKpUBEHO Na yribeHUYHE JIBOJMMEH3HOHATIHE HAHOYECTHLE Kao IITO CY
rpadeH u merose Moaupukanuje — rpadeH okcua U rpadeHcke KBaHTHE Tauyke, UMajy
BHCOK a(MHHUTET Ka MOJEKyJIMMa MNpPOTeHHa, YHUINTaBajyhu Tako HWUXOBY HATHBHY
koH(popmanyjy, HapymaBajyhu (GyHKIMOHATHOCT U AecTaduinsyjyhu arperanujy [1,2].
OBa ocoOmHa je jako BaKHa aKko ce y3Me y 003Hp Ja Cy pa3Ha HeypoJereHepaTHBHA
obospema, ka0 mrTo cy To llapkmHCOHOBa M AumxajMepoBa Oo0JieCT, HajBepOBATHH]E
y3pOKOBaHa CTBapameM Hacmara B-ammmongaux nentuga (AP) y mosry. Kopucrehn
DFT mpopauyre, mpoydaBaqyd cMO HHTEpaKIHje MOAEIOBAaHUX IUIoYnna rpadeHa ca
CerMEHTHMA [(-IUTOYMIA PA3IMYUTHX AMWJIOWZA, 3aCHOBAaHMX HAa KPHCTAJIHUM
CTpYKTypama Koje ce Haiasze y IIporenHckoj OaHIM mojaraka. Y OBOM pajy MOKa3aiu
CMO J1a Cy MHTEpaKIUje MPUWINYHO jake, ca eHeprujaMa y pacnony oj -22,1 kcal/mol 1o
-63,2 kcal/mol. Y3 HekoiMKO M3y3eTaka, HAIllKM MOJAlM MOKa3yjy Jia cy KOJA aMHJIoua
KOjU y CEKBEHI[aMa IOCeay]y apoMaTHiHe aMHHOKHCENIMHe, MHTepaKuuje rpadeHa ca
aMUJIOWMMa CHaXkKHUje Hero MehycoOHe wuHTepakuuje onarosapajyhux [-miouwnia
amwionna [3]. Ca npyre cTpaHe, y3 jedaH H3y3eTak, HHTepakiuje rpadeHa ca
aMuIonMa cy ciabmje ox melycoOHe mHTepakiyje oaroBapajyhnx amummonga kaua y
CEKBCHLIM aMHJIOM/a HUCY NIPUCYTHE apOMaTHYHe aMHHOKHceNnHe. OBH Pe3yNTaTH Cy y
CKJIaJy ca eKCIIEPUMEHTATHHM OllaKamuMa Ja arperaunja ¢puopuia AP amuionaa Moxe
Outm wHXHOWpaHAa WHTEpaknujoM TpadeHa (M WErOBUX MOIU(UKaIMja) ca
apOMaTHYHUM aMHUHOKHCEJIMHAaMa Koje ce Hayase y O0YHUM JiaHuMa amuionaa [1,2].

[1] Z. Yang, C. Ge, C. A. Jimenez-Cruz, J. Liu, Z. Chai, Y. Chong, Z. Gu, R. Zhou,
Nanoscale, 7 (2015) 18725-18737.

[2] Y. Liu, L.-P. Xu, W. Dai, H. Dong, Y. Wena, and X. Zhang, Nanoscale, 7 (2015)
19060-19065.

[3] D. N. Ninkovic, D. P. Malenov, P. V. Petrovic, E. N. Brothers, S. Niu, M. B. Hall,
M. R. Belic and S. D. Zaric, Chem. Eur. J. (2017) submitted.

Osgaj pan ¢unancupan je cpeacteuma ca mpojekta NPRP7-665-1-125 Qatar National
Research Fund (Qatar Foundation).
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INTERACTIONS OF GRAPHENE FLAKES WITH AMYLOID
B-SHEETS
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It has been discovered recently that carbon two-dimensional nanoparticles, such as
graphene and its modifications - graphene oxide and graphene quantum dots, possess
high affinity for protein molecules, destroying their native conformation, inhibiting their
function and destabilizing their aggregation [1,2]. This ability is important, since various
neurodegenerative diseases, such as Parkinson’s and Alzheimer’s, are most probably
caused by the deposition of B-amyloid peptides (AP) in the brain. Using DFT
calculations, we studied interactions of a graphene flake with amyloid B-sheet segments,
obtained from the crystal structures found in the Protein Data Bank. Our work has
demonstrated that the interactions are quite strong, with energies ranging from -22.1
kcal/mol to -63.2 kcal/mol. With a few exceptions, data show that for the amyloids with
aromatic amino acids in the sequence, the interactions of graphene-amyloid aggregates
are stronger than the mutual interactions of respective amyloid -sheets [3]. On the other
hand, with one exception, interactions between graphene and amyloid sheets are weaker
than the mutual interaction of respective amyloids when the aromatic amino acids are
not present in the sequence. These results are in accordance with experimental
observations that the aggregation of AP amyloid fibrils can be inhibited by the
interaction of graphene (and its modifications) with the aromatic amino acids found in
the amyloid side-chains [1,2].

[1] Z. Yang, C. Ge, C. A. Jimenez-Cruz, J. Liu, Z. Chai, Y. Chong, Z. Gu, R. Zhou,
Nanoscale, 7 (2015) 18725-18737.

[2] Y. Liu, L.-P. Xu, W. Dai, H. Dong, Y. Wena, and X. Zhang, Nanoscale, 7 (2015)
19060-19065.

[3] D. N. Ninkovic, D. P. Malenov, P. V. Petrovic, E. N. Brothers, S. Niu, M. B. Hall,
M. R. Belic and S. D. Zaric, Chem. Eur. J. (2017) submitted.

This publication was made possible by the NPRP project [NPRP7-665-1-125], awarded
by the Qatar National Research Fund (member of the Qatar Foundation).
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KRISTALNA STRUKTURA FEROMAGNETNOG
Co(I)-KOMPLEKSA SA TEREFTALATO-LIGANDIMA
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Beogradu, Karnegijeva 4, 11000 Beograd, Srbija; ° Prirodno-matematicki fakultet, Trg
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Institut za matematiku, fiziku i mehaniku, Jamova 2, Univerzitet u Ljubljani, 1000
Ljubljana, Slovenija

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

Dizajn i sinteza koordinacionih polimera sa mostovnim tereftalato-ligandom (tpht) je
atraktivna oblast istraZivanja zbog razvoja novih kompleksa sa korisnim osobinama [1].
Koordinacioni  polimer {[Co(dipya)(tpht)]-H,O},, 1, (dipya=2,2’-dipiridilamin)
sintetisan je hidrotermalnom metodom (T=433 K, 96 h). Struktura 1 odredena je
rendgenskom strukturnom analizom, dok su magnetna svojstva ispitana SQUID
magnetometrom. Kompleks 1 kristalise u monoklini¢noj P2;/n prostornoj grupi sa
parametrima ¢éelije:  a=9,837(2), b=14,348(3), ¢=12,300(3) A, /=96,35(3)° i
V=1725,4(6) A®. Atomi Co nalaze se u deformisanom kvadratno-piramidalnom
okruzenju koje ¢ine tri O-atoma i N-atom u ekvatorijalnoj ravni i N-atom u apikalnom
poloZaju. Svaki Co-atom koordiniran je sa dva kristalografski razli¢ita tpht liganda, bis-
helatnim i bis-monodentatnim, daju¢i cik-cak lance (slika 1). Formiranje trodimenzione
strukture postize se mrezom vodoni¢nih veza izmedu lanaca i dodatnim C-H---z
interakcijama. Magnetna susceptibilnost kompleksa 1 (slika 2) pokorava se Kirijevom
1/T zakonu na temperaturama viSim od 60 K, sa konstantnom vredno$éu efektivnog
magnetnog momenta e 0d 2,0 pg (umetak na slici 2), Sto ukazuje da je kompleks 1
nisko-spinski [2]. Slabe feromagnetne interakcije izmedu jona Co®* na rastojanjima
10,936(2) i 10,842(3) A utvrdene su na osnovu malog ispup&enja na krivoj y—T na oko
40 K i porasta L na istoj temperaturi [2].

Lo

Slika 1. Cik-cak lanac komp'leksa 1

Dodatni kristalografski podaci: M = 412,26 g mol™, Z = 4, p, = 1,587 g cm™, F(000) =
= 844, p(MoKa) = 1,031 mm™. Utacnjavanje sa F? (252 parametara) dalo je R, = 0,0374,
WR, = 0,0688, S = 1,043 za sve podatke, i R; = 0,0296 za 2948 refleksija sa | > 24(1).

[1] L. Radovanovi¢, J. Rogan, D. Poleti, M. Milutinovi¢, M.V. Rodi¢, Polyhedron, 112

(2016) 18-26.
[2] O. Kahn, Molecular Magnetism, VCH Publishing, (1993).
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The design and synthesis of coordination polymers with bridging terephthalato ligand
(tpht) is an attractive area of investigation due to the development of new complexes
with desirable properties [1]. A coordination polymer of {[Co(dipya)(tpht)]-H,O},, 1,
(dipya = 2,2’-dipyridylamine) has been synthesized by hydrothermal method (T=433 K,
96 h). The structure 1 was determined by single-crystal XRD analysis, while magnetic
properties were examined by SQUID magnetometer. The complex 1 crystallizes in the
monoclinic P2;/n space group with cell parameters: a=9.837(2), b=14.343(3),
c=12.300(3) A, =96.35(3)° and V=1725.4(6) A®. Co atoms are in a distorted square-
pyramidal environment comprised of three O atoms and N atom in the equatorial plane
and N atom in the apical position. Each Co atom is coordinated by two
crystallographycally different tpht ligands, bis-chelate and bis-monodentate, which
resulted in the zigzag chains (Figure 1). A three-dimensional framework is achieved by
hydrogen bond network between the chains and by additional C-H---z interactions.
Magnetic susceptibility of complex 1 (Figure 2) folows the Curie 1/T low for
temperatures above 60 K with constant effective magnetic moment s of 2.0 pg (inset in
Figure 2) indicating low spin complex 1 [2]. The weak ferromagnetic interactions
between Co?* ions at distances of 10.936(2) and 10.842(3) A were observed from a small
bump on the y—T curve at approximately 40 K and from increase of s at the same
temperature [2].
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Figure 2. Temperature dependence of y and s (inset) for 1.

Additional crystal data: M = 412.26 g mol™, Z = 4, p, = 1.587 g cm™, F(000) = 844,
p(MoKa) = 1.031 mm™. The refinement on F? (252 parameters) yielded R, = 0.0374,
WR, = 0.0688, S = 1.043 for all data, and R, = 0.0296 for 2948 reflections with | > 24(1).

[1] L. Radovanovi¢, J. Rogan, D. Poleti, M. Milutinovi¢, M.V. Rodi¢, Polyhedron, 112

(2016) 18-26.
[2] O. Kahn, Molecular Magnetism, VCH Publishing, (1993).
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CTATUCTNYKA AHAJIM3A ATOCTUYHUX UHTEPAKIINJA Y
KOMIIVIEKCHUMA IIPEJIASHUX METAJIA

J1. b. Huakosuh *, M. Crankosuh °, M. B. Hall ¢, E. N. Brothers *, C. JI. 3apuh *¢

&Science Program, Texas A&M University at Qatar, Texas A&M Engineering Building,
Education City, Doha, Qatar; b Hucmumym 3a xemujy, Tmexunonoeujy u memanypeujy,
Vuusepsumem y Beoepady, Hbezowesa 12, 11000 Beozpao, Cpéuja; © Department of
Chemistry, Texas A&M University College Station, TX 77843-3255, USA; ¢ Xemujcxu
gaxyimem Yuusepszumema y Beoepady, Cmyoenmcku mpe 12-16, beoepao, Cpouja
e-mail: dragan.ninkovic@gatar.tamu.edu

Otkpuhe jemumerma MpelasHUX MeTaja ca ajJKIIHAM JUTaHAMMa IOBENO je IO
3aKJbYYKa Ja MPUCYCTBO MPETa3HOT MeTaja Jajeé HOBa CBOjCTBA alKWI TPYIH Koja Cy
paHHje Omila HEeIOjMJBHMBA Y OPTaHCKO] XeMHju. MoryhHOCT 1a ce 0/BOjU BOJOHUK O
YIJbEHHKA M3 METaJ-CTHJI KOMIUIEKCA Mpeia3HoOr Mertana nomohy P-emumuHaimje je
jemaH mpUMeEp yTHIaja TPENTa3HOr MeTana Ha ankwia rpymy [1]. B-enumuHanmja je
MOTIOMOTHYTa KOOpauHanujoM c-Be3e u3 C-H rpyme. MoryhHoct npenassor Metana jaa
KOOpJIMHYje ©-Be3e je NpBU Kopak Koj MHOrux Mmexanusama C-H akrusanwmje [2].
KoBajieHTHEe HHTpaMOJICKYJICKEe HHTepakiuje u3Mel)y enekTpoH aeduuTapHor MeTana u
0-Be3¢ KO0ja Cce Halla3W y HemocpeqHoj OJM3MHH aroMa MeTalla Ce HA3WBajy aroCTHYHE
uarepakigje [3]. Konm aroctudynnx unTepakiuja asa enekrpoHa C-H Bese ymase y
npasHe d-opOuTane mpeiga3Hor MeTana pe3yiTyjyhu TpOUEHTPUYHOM JBOCIEKTPOHCKOM
BE30M.

ArocTHuHEe MHTEpaKiuje Cy M3ydaBaHe KOpUCTehn CTaTHCTHYKY aHa M3y MojaTaka
koju cy mpanahjern y KemOpmukoj 0a3um CTPyKTypHHX TOHaTaka. ATOCTHYHHM
HHTEpaKIMjaMa Ce CMaTpajy MHTEpaKIhje KOje 3a70B0JbaBajy YCIOB Ja CE pacTojarbe
mMel)y aToMa BOJOHHKA M MeTana Hamasu y omcery ox 1,8 1o 2,3 A, a na yrao M-H-C
uma BpegHoct usmehy 90° u 140° [4]. ¥V KemOpuukoj 6a3u CTPyKTypHHX MOJaTaka
npoHaheHo je 384 KpuCTadHHX CTPYKTypa KOje 3al0BOJbaBajy OBE KpUTepHjyMme. 3a
nperpary je kopunrhen mporpam ConQuest 1.18, a y 003up cy y3eTe camo CTPYKType
Koje mMmajy kpucranorpadcku dakrop R jegnak wnmm mamu on 5%. Meranu koju cy
Hajuemnhie ykJpyueHH y aroctuuHe unTepakuuje cy Cu, Ru, Zr, Ni, Rh, La, Y, Pd u Ti.
[MocebHO cy aHamM3upaHU MapaMeTpu 3a pa3MYUTe MeTaie mpoHaljeHe y OBHM
KPHCTATHUM CTPYKTypama.

[1] G. Parkin, E. Bunel, B. J. Burger, M. S. Trimmer, A. van Asselt A, J. E. Bercaw, J.
Mol. Catal. 41 (1987) 21-39.

[2] D. B. Ninkovi¢, S. Moncho, P. V. Petrovi¢, S. D. Zari¢, M. B. Hall, E. N. Brothers, J.
Coord. Chem. 69 (2016), 1759-1768.

[3] F. A. Cotton, Inorg. Chem. 41 (2001) 643-658.

[4] M. Brookharta, M. L. H. Greenb, G. Parkin, PNAS, 17 (2007) 6908-6914.

OsBaj pan (unancupan je cpeactBuma ca mpojekta NPRP7-297-1-051 Qatar National
Research Fund (Qatar Foundation).
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STATISTICAL ANALYSIS OF AGOSTIC INTERACTION IN
TRANSITION METAL COMPLEXES

D. B. Ninkovié ?, I. Stankovié¢ ®, M. B. Hall ¢, E. N. Brothers 2, S. D. Zari¢ *¢

&Science Program, Texas A&M University at Qatar, Texas A&M Engineering Building,
Education City, Doha, Qatar; ° Institute of Chemistry, Technology and Metallurgy,
University of Belgrade, Njegoseva 12, 11000 Belgrade, Serbia; ¢ Department of
Chemistry, Texas A&M University College Station, TX 77843-3255, USA;  Department
of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade, Serbia
e-mail: dragan.ninkovic@gqatar.tamu.edu

Discovery of transition metal alkyl compounds lead to a conclusion that the presence
of the transition metal gives alkyl group some new properties that were unprecedented in
the organic chemistry. The ability to extract hydride from a carbon of a transition metal—
ethyl compound through B-elimination process is an example of the influence of a
transition metal on an alkyl group [1]. B-elimination is facilitated by o-bond
coordination of the C-H group. The ability of transition metals to coordinate c-bond is
also the first step in the many C-H bond activation mechanisms [2]. Covalent
intramolecular interactions between an electron deficient metal and a o-bond in close
geometrical proximity of the metal atom is considered as the agostic interaction [3]. In
these interactions two electrons involved in the C—H bond enter the empty d-orbital of a
transition metal, resulting in a three-center two-electron bond.

Agostic interactions were studied using statistical analysis of the data deposited in
the Cambridge Structural Database (CSD). For the agostic interactions we used criteria
that H atom should have distance to the metal center between 1.8 and 2.3 A, and angle
M-H-C should be between 90° and 140° [4]. In the CSD we have found 384 crystal
structures that satisfy these criteria. For the search we have used ConQuest 1.18 program
and only structures with crystallographic R factor that is equal or less than 5 % were
taken into the account. Most frequent metals involved in agostic interactions are Cu, Ru,
Zr, Ni, Rh, La, Y, Pd and Ti. We have analzed the extracted parameters for different
metals that are ocuring in crystal structures.

[1] G. Parkin, E. Bunel, B. J. Burger, M. S. Trimmer, A. van Asselt A, J. E. Bercaw, J.
Mol. Catal. 41 (1987) 21-39.

[2] D. B. Ninkovié, S. Moncho, P. V. Petrovi¢, S. D. Zari¢, M. B. Hall, E. N. Brothers, J.
Coord. Chem. 69 (2016), 1759-1768.

[3] F. A. Cotton, Inorg. Chem. 41 (2001) 643-658.

[4] M. Brookharta, M. L. H. Greenb, G. Parkin, PNAS, 17 (2007) 6908-6914.

This publication was made possible by NPRP grant number 7-297-1-051 from the Qatar
National Research Fund (a member of the Qatar Foundation).
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KPUCTAJIHA CTPYKTYPA MUHEPAJIA KO3AJIUTA
N3 JIEXKUIITA TPEITYA

IL. Ja6uh °, C. KoBau *, A. Kpemenosuh *, A. Ilauescku *, M. Poguh

8 Vuusepsumem y beozpady, Pyoapcko—zeonowixu @axynimem, Jlabopamopuja 3a
kpucmanoepagujy, Bywuna 7, 11000 beoepao, Cpbuja, b Yuueepsumem y Hogom Cady,
IHpupoono-mamemamuuxu gaxyrmem, Tpe JJocumeja Obpadosufia 3, 21000 Hosu Cao,
Cpouja

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

XeMHjCKH cacTaB MHHepalla Ko3aauta OOMYHO ce HaBomu kao Pb,Bi,Ss, mako cy
Malle KOJIMYWHE Pa3IMYUTHX KaTjoHa KOjH MEHajy OJOBO M OM3MYT IO3HATE jOII O
aHAJIN3a IPBUX KO3AINTA.

Hcnmran je y3opak ko3zanuTta w3 JexumTa Tpemda. [la Ou ce mpenusHuje yTBpAHIO
KOJH Cy KaTjOHU NPHUCYTHH y cTpyKTypH, kopuihena je CEM-E/IC ananusa. [TorBpheHo
j€ TPHUCYCTBO jOHA OJIOBA, OM3MyTa M CyMIIOpa, Ka0 W Maje KOJHYUHE joHa cpedpa u
antuMoHa. JludpakunoHH mMojgany NPUKYIUBEHH Cy Ha MOHOKpucrany. Kpucranina
CTPYKTYpa je pelieHa noMohy TUPEeKTHUX METoJIa M yTaulbeHa Y pPOMOMYHO] IPOCTOPHO]
rpymu Pnma (a=23,7787(6), b=4,0534(1), c=19,0873(5) A, V =1839,72(8) A°,
Z =2). YraumaBameMm 109 mapamerapa nobmjene cy cienehe BpemHocTH R-daxropa:
R; =0,0539 u WR, = 0,1011 3a 2521 pedaekcujy u Ry = 0,0394 3a 2041 pedaekcujy ca
1>26(1) u S = 1,055. CtpykTypHH MOIET MOKa3yje A00pO clarame ca MOACITHMA KOjH Cy
o6jasumu Topa & Makovicky [1].

Mehyrtum, Ha OUQPPAKIUOHO] MAamH
yodeHe Cy JoJaTHE pediekcuje Koje cy
YKJby4eHE y HOBH CTPYKTYPHH MOJEIL.
CrtpyKkTypa je yTaumbeHa y MOHOKIMHIIHO]
npoctopHoj rpynu P2;/n ca mapamerpuma
JjeAVHUYHE henmje: a =8,107(5),
b =19,087(5), ¢=23,772(5) A, f=90"°,
V =3678,44(5) A%, Z=4. Vraumasamem
225 mnapamerapa poOujene cy cienehe
Bpennoctd  R-dakropa: R;=0,1490 wu
WR; = 0,1931 3a cBux 8495 pediekcuja u
R; =0,0627 3a 3381 pedaekcujy ca
1>26(l) u S = 1,028.

Cnuxka 1. CtpykTypa Ko3zanuTa Jobujenn  mojamM  MPEACTaBIbajy

nocmarpana ayx npasua (100). IpeIrMMHUHapHE pe3ynraTte u Ouhe mpeaMer
JONATHUX aHAJIN3a U JaJbUX UCITUTHUBAA.

[1] D. Topa, E. Makovicky, Can. Mineral. 48 (2010) 1081-1107.
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CRYSTAL STRUCTURE OF MINERAL COSALITE
FROM TREPCA OREFIELD

P. Dabi¢ %, S. Kovat %, A. Kremenovi¢ %, A. Pagevski %, M. Rodi¢ °

& University of Belgrade, Faculty of Mining and Geology, Pusina 7, 11000 Belgrade,
Serbia; ” University of Novi Sad, Faculty of Sciences, Trg Dositeja Obradoviéa 3, 21000
Novi Sad, Serbia

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

The composition of mineral cosalite is usually quoted as Pb,Bi,Ss, although small
amounts of different cations that exchange lead and bismuth have been known in cosalite
since the first analyses of this mineral were made.

Sample of mineral cosalite from Trepda orefield was investigated. In order to
determine the cation species in more detail, the chemical composition was determined by
EDX analysis. It confirmed a presence of Pb, Bi and S with small amounts of Ag and Sh.
The crystal structure was determined using single-crystal X-ray diffraction data. The
crystal structure was solved by direct methods and refined in orthorhombical space
group Pnma (a=23.7787(6), b=4.0534(1), c=19.0873(5) A, V =1839.72(8) A3,
Z = 2). The refinement on F? with 109 parameters and 2521 unique reflections yielded
R; =0.0539 and wR, =0.1011, and R; =0.0394 for 2041 observed reflections with
I1>26(1) and a goodness-of-fit S =1.055. The structural model is in a good agreement
with the one published by Topa and Makovicky [1].

However, diffraction pattern shows

2 oy R additional reflections that point to new
o e 7 o e ©®  structure model in monoclinic space

® u " o bl group P2:/n. New unit cell data were
L3 e R 4 determined to be: a=8.107(5),
0 @b e ey b = 19.087(5), c=23.772(5) A,
oy A &y B=90°, V=3678.44(5) A’ Z=4. The

refinement on F? with 225 parameters
and 8495 unique reflections vyielded
R;=0.1490 and wR,=0.1931, and
R, =0.0627 for 3381 observed
reflections with 1>2c(1) and a goodness-
of-fit S = 1.028.

These are preliminary results and
Figure 1. Crystal structure of cosalite in will be subject to further detailed
projection on (100). investigations.

[1] D. Topa, E. Makovicky, Can. Mineral., 48 (2010) 1081-1107.
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YTUIIAJ OPUJEHTAIIMJE KOOPJINHOBAHOI' MOJIEKYJIA
BOJE HA PA3/IMYUTO CTEKHHI' YPEBEILE KO/{
MNOJIMMOP®HUX KOMIUVIEKCA IMUHKA

3. JI. Tomuh 2 B. B. Xou0 °, K. M. Ceuemn °

& Uncmumym 3a wnyxkneapne mayke ,,Bumua“, Yuusepsumem y Beozpady, Beozpao,
Cpouja; prupodyo—Mamemamquu Gaxynmem, Yuueepzumem y Hoeom Caoy, Hosu
Cao, Cpouja.

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

Peakuujom 1-kapOokcuamMuauHo-5-xuapokcu-3-metuinupazona (NCMp) u  muHKa
nobuBajy ce aBa moiumop¢Ha obimka komiuiekca [Zn(hcmp-H),H,0]. V npucycrsy
XJIOPUIHOT WM OPOMH/IHOT jOHa KOMIUIEKC KPHUCTAJHIIE Y HPOCTOPHO] rpymu P2/C
(mommmop 1), a y mpucycTBY HUTpaTHOT joHa GopMHpa ce APYTH HOTUMOP(HH 0OTHK
(I1), xoju je ommcaH y HCTOj TIPOCTOPHO] TPYIIH, Al y HECTAHIAP.HO] OPHjEHTALHjH OCa,
P2,/n [1]. ¥V oba monumopda UHHK je y TPUrOHATIO-OMIHPAMHIATHOM OKPYXKEHhY KOje
dopmupajy mnBa hcmp nwranma BesaHa mpeko 4 aToma asora, a METO MECTO 3ay3uma
MOJIEKYJT BOJIe KOOPAWHOBAH Yy aKCHjaTHOM 1oioxkajy. ['eomerpuja monekyma y | u 11 je
CIIMYHA, OCHM DA3JIMYUTe OPHjeHTAalMje KOOPANHOBAHOT MoJeKyia Boje. [loBesuBame
MoOJIeKyZia je Koj o0a moimMopda OCTBapeHO MPEeKO BOJOHWYHHUX BE3a M CTEKUHT
naTepaknuja. Kox obmmka | ¢opmupajy ce CTeKHMHr MmapoBH KOjH C€ TOBE3Y]y y
MOJIEKYJICKM JIaHall, NOK ce kox mommmopda |l dopmupa myntuctekunr ypeheme
MoJIeKysla. AHann3a HEBE3WBHMX KOHTakaTa ykasyje Ha Bedy usMmely pasnuuute
OpMjeHTalje MOJIeKysa Bojxe W (hopMHpama pasIMYMTHX CTEKMHI HMHTEpaKuuja KOl
nommmopda | u 1.

BA NMONMMMOP®A
O“O OBA NMONUMO =
. NO5? s
% Br/cr T
<

Ll] B. Hollo, K. M. Szecsenyi, M. Deli, L. Kiss Lorand, A. Kallay-Menyhard, V.
Zivkovi¢-Radovanovi¢, Z. D. Tomi¢, Structural Chemistry, 27 (2016) 1121-1133.
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INFLUENCE OF THE COORDINATED WATER ORIENTATION
ON THE FORMATION OF TWO TYPES OF STACKING
INTERACTIONS IN TWO POLYMORPHS OF ZINC COMPLEX

Z.D. Tomié ® B. B. Holl6 °, K. M. Szécsényi °

2 "PINCA" Institute of Nuclear Sciences, University of Belgrade, Belgrade, Serbia;
® Faculty of Sciences, University of Novi Sad, Novi Sad, Serbia;
e-mail: zorant@vin.bg.ac.rs

Coordination of 1-carboxamidino-5-hydroxy-3-methylpyrazole (hcmp) to Zn in the
presence of chloride or bromide ions leads to the formation of [Zn(hcmp-H),H,0] in the
polymorphic form I [1]. If nitrate ion is used instead, the polymorph Il is formed. In
complexes | and Il the Zn atom is five-coordinated with two hcmp ligands bonded
through the N atom of the pyrazole ring and amidinium nitrogen. The fifth position is
occupied by a water molecule. Analysis of intermolecular contacts in I and I1 and visual
inspection of the resulting molecular aggregation suggest the key role of the coordinated
water on the formation of two polymorphic forms, I and I1. Enhanced hydrogen bonding
capacity of coordinated water in Il relative to | is associated with the formation of
multistacked chain of molecules in I1.

O‘ﬂ: O Two polymorphs -
i NO3;% N
Br/cr ’ T
H
Q
o O N \ S 7%’

~—

Zn
OO é e~

(1] B. Hollo, K. M. Szecsenyi, M. Deli, L. Kiss Lorand, A. Kallay-Menyhard, V.
Zivkovi¢-Radovanovi¢, Z. D. Tomié, Structural Chemistry, 27 (2016) 1121-1133.
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KRISTALNA STRUKTURA BIS(2-(1-AMINOCIKLOHEKSIL)-
-ETANOATO)BAKAR(11)-KOMPLEKSA

A. Bukonji¢ % D. Tomovié¢ ? A. Stankovi¢ % M. Nikoli¢ ?, M. Mijajlovi¢ 2
V. Jevtié¢ °, Z. Ratkovi¢ b, I. Potociiak ¢, S. Trifunovié b, G. Radi¢ ?

8 Fakultet medicinskih nauka, Univerzitet u Kragujeveu, Svetozara Markovic¢a 69, 34000
Kragujevac, Republika Srbija; ° Institut za hemiju, Prirodno-matematicki fakultet,
Radoja Domanoviéa 12, 34000 Kragujevac, Republika Srbija; °P. J. Safarik University
in KoSice, Institute of Chemistry, Moyzesova 11, SK-041 54 KoSice, Slovakia

e-mail: andriana.bukonjic@hotmail.com

Kvadratno-planarni kompleks bakra(ll) dobijen je direkthom reakcijom bakar(ll)-
nitrata trihidrata i bidentatnog liganda B-aminokiseline (2-(1-
-aminocikloheksil)-etanska kiselina) u molskom odnosu 1:2 i uz dodatak ekvimolarne
koli¢ine litijum-hidroksida. Reakciona sme3a se zagreva i meSa na magnetnoj meS3alici
tri sata na oko 50 °C. Kristali pogodni za rendgensku strukturnu analizu dobijeni su iz
mati¢nog vodenog rastvora sporim uparavanjem nakon nekoliko dana.

Kristalografski podaci: empirijska formula Ci;gHgpCuN,;Og, Mr = 484,04,
monokliniéni kristalni sistem, prostorna grupa P2,/c, talasna duzina 0,71073 A, veli¢ina
kristala 0,1791 x 0,1594 x 0,1009 mm, dimenzije jedini¢ne éelije a = 12,5128(8) A,
b = 7,5423(3) A, p = 115,544(7)°, ¢ = 12,7063(7) A, V = 1081,95(12) A% z = 2,
u = 1,063 mm™. Kristalna struktura je re$ena metodom teskog atoma primenom
SHELXS, a utaénjena primenom SHELXL programa: R; = 0,0399, wR, = 0,0885.

Slika 1. Stuktura molekula bis(2-(1'-aminocikloheksil)-
-etanoato)bakar(I1)-kompleksa
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THE CRYSTAL STRUCTURE OF BIS(2-(1-
-AMINOCYCLOHEXYL)-ETHANOATO)COPPER(I1)-COMPLEX
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V. Jevti¢ °, Z. Ratkovié¢ b, L. Poto¢tak ¢, S. Trifunovié b, G. Radi¢ ?

& Faculty of Medical Sciences, University of Kragujevac, Svetozara Markoviéa 69, 34000
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Domanovica 12, 34000 Kragujevac, Republic of Serbia; ° P. J. Safarik University in
Kosice, Institute of Chemistry, Moyzesova 11, SK-041 54 KoSice, Slovakia

e-mail: andriana.bukonjic@hotmail.com

A square-planar complex of copper(ll) is obtained by direct reaction of copper(Il)-
nitrate trihydrate and a Dbidentate [-amino acids (2-(1’-aminocyclohexyl)-
-ethanoic acid) in a molar ratio of 1: 2 and addition of an equimolar amount of lithium-
-hydroxide. Reaction mixture was heated and mixed on a magnetic stirrer at 50°C for 3
h. Crystals suitable for X-ray measurements were obtained by slow evaporation from a
stock aqueous solution after a few days.

Crystallographic data: empirical formula CygH4CuN,O40, Mr = 484.4, monoclinic
crystal system, space group P2,/c, wavelength 0.71073 A, crystal size
0.1791 x 0.1594 x 0.1009 mm, unit cell dimensions a = 12.5128(8) A, b = 7.5423(3) A,
S =115.544(7)°, ¢ = 12.7063(7) A, V = 1081.95(12) A®, Z =2, u = 1.063 mm™. Crystal
structure was solved by heavy atom method using SHELXS and refined using SHELXL
program: R; = 0.0399, wR, = 0.0885.

Figure 1. The crystal structure of bis(2-(1'-aminocyclohexyl)-ethanoato)copper(l1)-
-complex

24™ Conference of the Serbian Crystallographic Society



60 Ilocmepcka caonwmersa

CHUHTE3A U KAPAKTEPU3AIIMJA Cd(Il) KOMIIVIEKCA CA
KOHAEH3AIIMOHUM ITPOU3BOJO0OM
2-XUHOJIMHKAPBOKCAJIAEXHUJIA U )KUPAPOBOI' T
PEATI'EHCA

b. YoGessuh °, M. Muaenkoeuh °, A. Ilepen °, M. Typea °, M. Pomanoeuh 2,
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& Xemujcxu gaxynimem, Ynusepsumem y Beozpady, Cmydenmcku mpe 12-16, 11000
beoepao, Cpobuja, b Dakynmem 3a XeMujy u XemMujcky mexHonocujy, Yuueepzumem y
Jbyomanu, Beuna nom 113, 1000 Jbybwana, Cnosenuja

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

Kommneken 1 u 2 cy nobujern y peakuuju Cd(NO3),-4H,0 ca xoHaeH3auuoOHUM
OpOU3BOIOM  2-XWHONMHKapOokcanaexuna, Kupapoor T pearedca (HLCI) u
onrosapajyhe conu nceynoxamoreruzaa ([llema 1). Kommieken 1 u 2 ¢y okapakTepucaHu
IR 1 NMR cnexrpockomnujoM. CTpyKTypa KoMIiekca 1 y uBpcToM cramy oapeleHa je
PEHIreHCKOM CTPYKTYPHOM aHalM30M MOHOKpHcTana. Kommiekc 1 kpucranume y

IPOCTOPHO] TpymH P71 TPUKIMHUYHOT KPHCTAIHOT CHCTEMA Ca [apaMeTPUMa jeIHHIIHE
hemuje a = 8,348(5), b = 8,698(5), ¢ = 13,748(5) A, a = 90,069(5), B = 98,922(5),
y = 98,376(5) ° u Z = 2. Ctpykrypa je yraumena 1o R = 0,0311 u R,, = 0,0642 3a 3769
youeHux peduexcuja. Momnekyncka cTpykrypa 1 je mpukasana Ha cnuiu 1. Llertpamau
jou kaamujym(I1) (Cdl) je meHrakoopauHOBaH ca TpuaeHTaTHNM Juranaom L u asa CI°
murarga (Cl1 u Cl2). Tpunenraruu murann L ce koopanHyje kao mpurep jor 3a Cdl
npeko NNO nmonopckux atoma, ¢opmupajyhn nBa KOHISH30BaHA IETOUWIAHA XeJlaTHA
npcrera. Koopawnammonu monmenap, koju ce obpasyje oko Cdl je nedopmmcana
KBaJIpaTHA MUpaMHUIa ca BeoMa caBujeHUM yriaoBuma trans sesa N2-Cd1-Cll u N1-Cd1-
O1 ox 138,03(7) u 135,68(7)°.

CANDyl - 6 HL0 (1 equiv)

“
q\j\/ J‘ju-\t. i, NaM; (2 equiv)
L = N N — =
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N -
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CENO b6 H0 (1 equiv) v
| o \j\/ FRLT— NAOCN (2 equiv) m o
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2y P "N)\' N Ty ; o
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Cnuka 1. Mosekyiicka CTpyKTypa KoMIuiekca 1.
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Complexes 1 and 2 were obtained in the reaction of Cd(NOs),-4H,0 with the
condensation product of 2-quinolinecarboxaldehyde, Girard’s T reagent (HLCI) and
corresponding pseudohalide salt (Scheme 1). Complexes 1 and 2 were characterized by
elemental analysis, IR and NMR spectroscopy. The structure of complex 1 in solid state
was determined from the single-crystal X-ray diffraction data. The complex 1

crystallizes in the triclinic space group P1 with unit cell parameters a = 8.348(5),
b =8.698(5), ¢ = 13.748(5) A, & = 90.069(5), £ = 98.922(5), y = 98.376(5) ° and Z = 2.
The structure was refined to the R = 0.0311 and R,, = 0.0642 for 3769 observed
reflections. The molecular structure of 1 is depicted in Figure 1. The cadmium(ll) central
ion (Cd1) is fivefold-coordinated by tridentate ligand L and two CI™ ligands (CI1 and
Cl2). The tridentate ligand L is coordinated as zwitterion to Cdl through NNO set of
donor atoms forming two condensed five-membered chelation rings. The coordination
polyhedron formed around Cd1 is distorted square pyramid with very bent N2-Cd1-Cl1
and N1-Cd1-01 trans bond angles of 138.03(7) and 135.68(7)°, respectively.
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Figure 1. Molecular structure of complex 1.
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HAJHOBUJA ITIOJAIIA O XUJIPOTEPMAJIHO
CUHTETHCAHUM APCEHATUMA CTPOHIIUJYMA

T. Bophesuh ?, Jb. Kapanosuh °
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Hako ce apceH cmaTtpa je[HHM O HajpaclpoCTPameHUjUX MPHPOTHHUX OTPOBA,
CTPYKType MHOTHX apCeHaTa W apCeHHTa U jAajbe cy Hermo3HaTe. OBe HEMO3HAHHUIIE
BEOMa MHOT'O YTHYY Ha MOTPENIHO TyMaueme I'€0XEMH]jCKOT IIUKITyca apceHa, Koje OIeT
3axTeBa I03HABAKE TEPMOJUHAMHYKUX OCOOMHA, a TOCeOHO ycnoBa (opmupama Koju
3aBHCE OJ] CTPYKTYpHHX KapaKTepHCTHKa apceHata M apceHuTa. Kako Ou OoJsbe
pasyMenu yJory apceHa y HPUPOIHUM IIPOLECHMa, BaXKHO je JCTaJbHO MPOydYaBaTH
KpHUCTaJIHE CTPYKTYpEe Kako MHUHEpayla apCeHa, TAaKO M HbUXOBUX CHHTETHYKHX aHAJIOIa.
Umajyhim To y BHAy y mocieamHux 15 roaWHa CHHTETHCATH CMO H CTPYKTYpPHO
OKapakTepucanu npeko 50 apceHaTa W apceHHTa CTPYKTYPHO CIMYHUX MHUHEpAIUMA Y
cucremy AO-MO-As,04/As,0s-H,0 (A = Sr**, Cd**, Ba®*, Bi**, Hg*"; M = Mg*,
Mn2+*3+, Fe2+*3+, C02+, Ni2+, CU2+, Zn2+).

Tpu HajHOBHja apceHaTa CTpOHLMjyMa aoOujeHa cy HHUCKOTeMIepaTypHOM (Tmax =
220 °C) XHApOTepMAaIHOM CHHTE30M y crctemy STO—MO-As,0s—H,0 (M %" = Mg, Zn,
CU). To Cy: SrzMg(ASO4)2'2H20 (1), Srzzn4(ASO4)4'H20 (2) u Sr2CU7(ASO4)6 (3) OHu
Cy HCOUTaHH KOpUIINEmeM METOAE PEeHAreHCKe IU(pakije Ha MOHOKPUCTAy H
MetojoM Pamancke crekTpockonuje. tbuxoBe KpucTanHe CTPYKType yTaukbeHe Cy J0
cienehux R-pakropa: 1-R; = 0,025; 2-R; = 0,030; 3-R; = 0,035. Kpucranna crpykrypa
cyrcranie 1 cimyHa je CTpyKTypH MuHepana tamMecuta, Ca,Mg(AsOy),-2H,0 [1], a
CTPYKTypa 2 je cnuduHa CTPYKTYpH MuHepana npocreputa, CapZng(AsO,),-Ho0 [2]. 1 je
Takoh)e W MpBa CHHTETHYKA CYICTaHIA ca JIAHIIMMa KPOHKHUTCKOT THma [3], Koja Kao
MelympocTOpHH KaTjOH MMa JIBOBAJICHTHU KaTjoH. Y KPHCTAIHO] CTPYKTYPH CYIICTaHIIC
2, nonuespu 1pHKa cy Mel)ycoOHo moBe3anuy y Beoma perke ZnyOps knacrepe. Ocum
SrCuAs,05, 3 je mpyra cyncranma y cucremy SrO—CuO-As,Os. M3ocTpykTypHa je ca
Pb,Cu7(AsO4)s u Ba,Cu;(AsO,)s. Kako y 3, Tako u y menum Pb u Ba crpykrypHum
ananozuma, CuOy (X = 4, 5, 6) nonreaApH MOKa3yjy MIUPOK CIIEKTAp KOOPIHHALH]A.

[o3HaBakbe KPUCTATHO-CTPYKTYPHHUX KapaKTepHCTHKA apceHaTa CTPOHLHUjyMa U
JIpYTUX JBOBAJICHTHHX MeTaja 3HATHO OJIAKIaBa HUXOBY CTaOWMIU3aLMjy y 3arajeHum
3eMJBHIITHAMA, BOJaMa M CHCTEMHMa 3a O/BOJmaBame. CHHTE3a OBHX (ha3a BOIHM HAC
KOpaK Jajbe y pa3yMeBamby Kako ce ojapeljeHHM joOHH MOHAIAjy y HPHCYCTBY jeIHH
JpUTUX y pa3IuuuTUM JlaboparopujckuM ycioBuma (HOp. PH, Tum copOenra,
TpoTIOpIIKja UBpcTa (ha3za/pacTBOp, KOHICHTpALMja peakTaHaTa, TeMIeparypa utn.). Tu
7Ta00pPaTOPHjCKH YCIIOBH MOTY €€ Kako JUPEKTHO, TaKO ¥ HHIUPEKTHO IPECIUKaBaTH Ha
YCJIOBE Y XKMBOTHO] CPEIUHU.

[1] P. Keller, H. Riffel, H. Hess, Z. Kristallogr., 158 (1982) 33-42.
[2] M. Catti, G. Ferraris, G. Ivaldi, B. Soc. Fr. Mineral. Cr., 100 (1977) 230-236.
[3] M. Fleck, U. Kolitsch, B. Hartweck, Z. Kristallogr., 217 (2002) 435-443.
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AN UPDATE ON HYDROTHERMALLY SYNTHESISED
Sr-CONTAINING ARSENATES
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Although arsenic is classified as one of the most naturally abundant hazardous
substances, numerous crystal structures of arsenic oxosalts remain either undetermined
or only poorly determined. This leads to the misinterpreting of the behaviour of oxosalts
in soils, sediments, and natural water sources as pollutants. In order to understand the
role of arsenic in the environment, one has to investigate structural features and stability
of both arsenic minerals and synthetic arsenic compounds. In this context in the past 15
years we have syntesised and structurally characterised over 50 mineral-related synthetic
arsenic oxysalts in the system AO—MO-As,05/As,0s-H,0 (A = Sr**, Cd**, Ba*, Bi*,
Hg2+; M = Mgz+, Mn2+'3+, F62+'3+, C02+, Ni2+, CU2+, Zn2+).

Our latest low-temperature (T = 220 °C) hydrothermal synthesis in the system
SrO-MO-As,05—H,0 (M ?* = Mg, Zn, Cu) produced three new Sr-containing arsenates:
Sr,Mg(ASO,),-2H,0 (1), SrZng(AsOy)s-H,O (2) and SrCu,(AsOg)s (3). They were
characterised using room-temperature single-crystal X-ray diffraction data and Raman
spectroscopy. Their structures were refined to the reasonable low R-values: 1-R; =
0.025; 2-R; = 0.030; 3-R; = 0.035. The compounds 1 and 2 are structural analogues of
two different arsenate minerals: 1 is a strontium analogue of talmessite
Ca,Mg(AsQ,),-2H,0 [1] and 2 is a strontium analogue of prosperite Ca,Zns(AsO,)4-H,0O
[2]. 1 is the first synthetic compound incorporating krohnkite-type chains [3], where
divalent cation occupies the interstitial cationic position in the structure. The compound
2 exhibits interesting coordination geometries of Zn forming Zn,Os¢ clusters and
complex polyhedral connections. The compund 3 represents the second structurally
characterized compound in the ternary SrO—CuO-As,0s system besides SrCuAs,0;.
The investigation showed that it is isotypic with Pb,Cu,(AsQ,)s and Ba,Cu;(AsO,)s. The
CuOy (x = 4, 5, 6) polyhedra in 3 and in Pb and Ba structural analogues show the wide
range of coordination geometries.

Knowing the crystal-structural features of Sr- and other divalent metal-containing
arsenates, one can predict their stabilization in contaminated soils, sediments or drainage
ponds. The synthesis of these phases brought us one step further to the understanding of
how the ions behave in each other’s presence under differing laboratory conditions (e.g.,
pH, type of sorbent, solid/solution ratio, concentration, temperature, ionic strength),
knowledge which could be directly or indirectly transferred to the environmental
conditions.

[1] P. Keller, H. Riffel, H. Hess, Z. Kristallogr., 158 (1982) 33-42.

[2] M. Catti, G. Ferraris, G. Ivaldi, B. Soc. Fr. Mineral. Cr., 100 (1977) 230-236.
[3] M. Fleck, U. Kolitsch, B. Hartweck, Z. Kristallogr., 217 (2002) 435-443.

24™ Conference of the Serbian Crystallographic Society



64 Ilocmepcka caonwmersa

KRISTALNA STRUKTURA Mn-ANORTITA SINTETISANOG 1Z
ZEOLITA JONSKOM IZMENOM SALTA | FAU
TOPOLOGIJOM

A. Radosavljevi¢-Mihajlovi¢ 2, A. Kremenovi¢ °, V. Dondur ¢, G. Janji¢

& Centar za primenjenu mineralogiju, Institut za tehnologiju nuklearnih i drugih
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® Rudarsko geoloski fakultet, Laboratorija za Kristalografiju, Univerzitet u Beogradu,
Dusina 7, 11000 Beograd, Srbija; ¢ Fakultet za fizicku hemiju, Studentski Trg 3, 11000
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vvvvv

zeoliti sa LTA, FAU ili GIS topologijom. Eberhard je prvi publikovao strukturne
podatke za sinteti¢ke feldspate, sa formulom MnAl,Si,Og [1], dok su Matsui i Kimata
prvi predstavili strukturne podatke za trokomponentni sistem, sa bruto formulom
MnAlzsizog_CaAI28i208_srA|28i208 [2]

Termicki indukovane fazne transformacije LTA i FAU zeolita sa izmenjenim Mn,
pratene su u opsegu temperatura od sobne do 1300 °C. Kolaps u amorfnim
intermedijerima kod oba tipa zeolita se javlja nakon zagrevanja izmedu 600 i 650 °C.
ProduZeno zagrevanje intermedijernog proizvoda preko 1100 °C rezultatira direktnom
formiranju disordera u Mn-anortit-LTA [a = 8.1095(4) A, b = 12.824(4) A,
c=7.0674(4) A, B = 115.89(3)] i Mn-anortit-FAU fazi [a = 8.0498(4) A,
b=12.758(4) A, ¢ =7.0356(4) A, B = 116.13(3)]. Fazni prelazi u ispitivanom
temperaturnom opsegu praéena je primenom termalne (DTA, TGA i DSC) i FTIR
analize. Kristalne strukture oba anortita su uta¢njene kori§¢enjem Ritveldove metode
(slika 1), primenjene na podatke prikupljene rendgenskom difrakcijom sa polikristalnih
materijala.

i Q@ [}

Iminsity far, unis)
P

l|:.l_u b hy
Slika 1. Mapa Mn-anortita dobijena Ritveldovom metodom i njegova struktura.

[1] E. Eberhard, Fortschr. Mineral, 40, (1962) 52.
[2] K. Matsui, T. Kimata., European Journal of Mineralogy, 9 (1997) 333-344.
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FAU TOPOLOGY
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The most common zeolites which are used as precursors for ceramic materials are
synthetic zeolites of LTA, FAU or GIS topology. Eberhard presented the first data for
synthetic feldspars MnAl,Si,Og [1], while Matsui and Kimata presented the structural
results of investigation in the three component system
MnAlzsizog_CaAI28i208_srA|28i208 [2]

Thermally induced phase transformation of Mn-exchange LTA and FAU zeolites are
followed in the range from room temperature to 1300 °C. Both frameworks collapse into
amorphous intermediate products after heating between 600 and 650 °C. Prolonged
heating of the intermediate product over 1100°C results directly in formation of a
disorder Mn anorthite LTA [a = 8.1095(4) A, b=12.824(4) A, ¢ = 7.0674(4) A, B=
115.89(3)] and Mn anorthite FAU [a = 8.0498(4) A, b = 12.758(4) A, ¢ = 7.0356(4) A, B
=116.13(3)] phase. The phase conversions in the temperature range investigated were
followed by thermal (DTA, TGA, and DSC) and FTIR analyses. The crystal structures of
both anorthite phases are refined by Rietveld method against X- ray powder diffraction
data (Figure 1).

— : , , i Q@ )

s o, i)

ikt )
: il sk Y
!
o o an GO =0 100 120 140
20 ¢ @

Figure 1. Rietveld refinement plot and structure of Mn-anorthite.

[1] E. Eberhard, Fortschr. Mineral, 40 (1962) 52.
[2] K. Matsui, T. Kimata., European Journal of Mineralogy, 9 (1997), 333-344.
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KRISTALNE STRUKTURE DVA NOVA DERIVATA ZUCNIH
KISELINA

O. R. Klisuri¢?, S. Bjedov °, D. Skori¢ °, 1. Kuzminac °, A. Okljesa °, J. Canadi ®,
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Obradovica 3, Novi Sad, Srbija
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Zuéne kiseline su steroidni molekuli sa vaznim fizioloskim ulogama u koje spadaju
emulgovnje i solubilizacija dijetalnih lipida i uloga kao signalnih molekula. Raznovrsne
fizioloske uloge dovele su do povecanja interesovanja za sintetske modifikacije ovih
molekula u cilju dobijanja potencijalnih medikamenata. Odredivanje strukture molekula
zuénih kiselina Cesto predstavlja problem zbog znacajnog preklapanja signala u NMR
spektrima, takode ova jedinjenja tesko daju kristale kvaliteta koji bi omogucio uspesnu
rendgensku strukturnu analizu. U ovom saopStenju predstavljamo uspe$no reSenu
strukturu jedinjenja 1 i 2 (slika 1) koja su dobijena viSefaznom sintezom polazeé¢i od
holne kiseline.

Kristalografski podaci za jedinjenje 1: CygHN4Og, ortorombicni kristalografski
sistem, prostorna grupa P2,2,2;, a = 9,0862(6), b = 15,8629(12), ¢ = 20,3912(10) A,
V =2870,8(2) A3, Z = 4, 1 = 0,09 mm™. Kona¢na vrednost R, faktora je 5,8 % za 5044
nezavisnih refleksija i 358 parametara.

Kristalografski podaci za jedinjenje 2: CygH4oOs, triklinicki kristalografski sistem,
prostorna grupa P1, a = 11,4762(8), b = 11,6249(8), ¢ = 11,7828(11) A, a.= 74,566(7), p
=61,954(8), y = 75,824(6)°, V = 1324,0(2) A3, Z = 2, 1 = 0,08 mm™. Kona¢na vrednost
R, faktora je 6,7% za 8711 nezavisnih refleksija i 671 parametara.

OMe

Slika 1. Molekulska struktura jedinjenja metil 12a-aza-3o.,7o-diacetoksi-12a-homo-
tetrazolo[5",1":12,12a]-5B-holan-24-o0at (1) i 7a,12a-dihidroksi-3-(karboksimetilen)-5p-
hol-3en-24-ska kiselina (2)
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CRYSTAL STRUCTURES OF TWO NEW BILE ACID
DERIVATIVES
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Bile acids are steroid molecules with an important physiological role emulgation and
solubilization of dietary lipids and roles as signaling molecules. Diverse physiologic
functions have led to increased interest in synthetic modifications of these molecules in
order to obtain the potential medicaments. Structure determination of bile acids is often a
problem due to a significant overlap of signals in NMR spectra, also these compounds
hardly give a crystal with suitable quality that would allow successful X-ray structure
analysis. In this publication we report successfully determined structure of compounds 1
and 2 (Figure 1) obtained by multi-stage synthesis, starting from cholic acid.

Crystallographic data for compound 1. C,gHsN4Og, orthorombic system, space
group P2:2,2,, with the unit cell parameters, a = 9.0862(6), b = 15.8629(12),
¢ =20.3912(10) A, vV = 2870.8(2) A%, Z = 4, x = 0.09 mm™. The final R, factor is 5.8 %
for 5044 independent reflections and 358 parameters.

Crystallographic data for compound 2: C,sH4Os, triclinic system, space group P1,
with the unit cell parameters, a = 11.4762(8), b =11.6249(8), ¢ = 11.7828(11) A, o =
74.566(7), B = 61.954(8), y = 75.824(6)°, V = 1324.0(2) A*, Z = 2, x = 0.08 mm™. The
final R factor is 6.7% for 8711 independent reflections and 671 parameters.

OMe

Figure 1. Molecular structure of methyl 12a-aza-3o,7a-diacetoxy-12a-homo-
tetrazolo[5",1":12,12a]-5B-cholan-24-oat (1) and 7a,12a-dihydroxy-3-
(carboxymethylen)-5B-chol-3en-24-oic acid (2)

24™ Conference of the Serbian Crystallographic Society



68 Ilocmepcka caonwmersa

RENDGENSKA STRUKTURNA ANALIZA DVA DERIVATA
ANDROSTANA
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® Departman za fiziku, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg
Dositeja Obradovi¢a 4, Novi Sad, Srbija;  Departman za hemiju, biohemiju i zastitu
Zivotne sredine, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg Dositeja
Obradovica 3, Novi Sad, Srbija

e-mail: ivana.kuzminac@dh.uns.ac.rs

Steroidna jedinjenja sa cijano grupom ili atomima halogena u svojoj strukturi su
poznati bioloski aktivni agensi. Imaju¢i ovo u vidu, polazeé¢i od dehidroepiandrosterona
sintetisano je jedinjenje 1 (slika 1) u dve sintetske faze, kao i jedinjenje 2 (slika 1) u pet
sintetskih faza. Stereohemija na C-17 atomu kod jedinjenja 1 i C-5 i C-6 atomu kod
jedinjenja 2 utvrdena je rendgenskom strukturnom analizom.

Kristalografski podaci za jedinjenje 1: CyH33NO,, ortorombicni kristalografski sistem,
prostorna grupa P2;2,2;, a = 6.5507(2), b = 10,4253(4), ¢ = 32,4395(10) A,
V =2215,39(13) A%, Z = 4, 1 = 0,64 mm™. Kona&na vrednost R, faktora je 4,7% za 4205
nezavisnih refleksija i 266 parametara.

Kristalografski podaci za jedinjenje 2: CyH3;BrOs, ortorombic¢ni kristalografski sistem,
prostorna grupa P2,2,2;, a = 8,5809(2), b = 13,8675(6), ¢ = 17,2854(3) A,
V =2056,89(11) A%, Z = 4, 1 = 2,96 mm™. Konacna vrednost R, faktora je 4,2% za 3973
nezavisnih refleksija i 255 parametara.

OAc
.|\CN

AcO AcO I
"B
1 2

Slika 1. Molekulska struktura jedinjenja 3p,17p-diacetoksi-17a-cijanoandrost-5-en (1) i
3B-acetoksi-6a-brom-53-hidroksi-17a-homo-17-oksaandrostan-16-on (2)
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X-RAY STRUCTURAL ANALYSIS OF TWO ANDROSTENE
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Steroidal compounds with cyano group or halogen atoms in their structure are known
biologically active agents. Taking this into account, starting from
dehydroepiandrosterone compound 1 (Figure 1) was synthesised in two synthetic steps,
and compound 2 (Figure 1) in five synthetic steps. The stereochemistry at C-17 carbon
of compound 1 and C-5 and C-6 atom in compound 2 was determined by X-ray
diffraction analysis.

Crystallographic data for compound 1: C,4H33NO,, orthorombic system, space group
P2,2,2,, with the unit cell parameters, a = 6.5507(2), b = 10.4253(4), ¢ = 32.4395(10) A,
V = 2215.39(13) A% Z = 4, u = 0.64 mm™. The final R, factor is 4.7% for 4205
independent reflections and 266 parameters.

Crystallographic data for compound 2: C,H3;BrOs, orthorombic system, space group
P2:2,2, with the unit cell parameters, a = 8.5809(2), b = 13.8675(6), ¢ = 17.2854(3) A,
V = 2056.89(11) A’ Z = 4, u = 2.96 mm™. The final R, factor is 4.2% for 3973
independent reflections and 255 parameters.

OAc
|I\CN

AcO AcO I
"B
1 2

Figure 1. Molecular structure of 3[,17p-diacetoxy-17a-cyanoandrost-5-ene (1) and
3B-acetoxy-6a-bromo-5p-hydroxy-17a-homo-17-oxaandrostan-16-one (2)
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CHUHTE3A U KAPAKTEPU3AIIMJA A3U/10 U U3OIIUMJAHATO
KOMIIJIEKCA Zn(I1) CA KOHAEH3AIIMOHUM ITPOU3BOJ1OM
2-XUHOJIMHKAPBOKCAJIAEXHUJIA U )KUPAPOBOI' T
PEAT'EHCA

M. MuienkoBuh °, A. Ieeen °, B. Yobemnh , . Typea °, M. Pomaunosuh °,
K. Anhenxosuh *

& Xemujcxu cpaxynmem, Yuueepzumem y Beozpady, Cmydemmcku mpe 12-16, 11000
beoepao, Cpobuja, b Dakynmem 3a XeMujy u XemMujcky mexHonocujy, Yuueepzumem y
Jbyomanu, Beuna nom 113, 1000 Jbybwana, Cnosenuja

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

VY peakmmju 2-xuHONHMHKapOokcangexuna u JKupapoBor T peareHca y eTaHOTY
nobujen je murann HLCI. Peakuujom muranga HLCI y meranony ca Zn(BF,),-6H,0 u
NaN; y momnckom ommocy 1 : 1 : 2 nobujeH je xomiuiekc 1, ok peakmuja ca
Zn(BF,),-6H,0 u NaOCN y monckom omnocy 1 : 1 : 4 nmosoau mo dopmuparma
KoMmIUIekca 2. Y 00a KOMIUIEKCa XHWJAPAa30HCKUM JIMTaHA ce KOOpAMHYje Y
JIETIPOTOHOBAHOM, (DOPMAJIHO HEYTPAIHOM, LIBUTEP-JOHCKOM OOJIMKY. Y KoMIulekcuMma 1
U 2 KOOpAMHAIMOHO OKpyxemwe oko ZNn(ll) umue tpumenratHo NNO koopauHOBaH
XUAPa3OHCKH nuraHa v asa N-koopauHOBaHa mceymoxaiorenuna. Kpucramorpadeku
momartu 3a 1: Ci5HigN1oOZn, M, = 419,76, Beamuuna kpuctana 0,20 x 0,10 x 0,05 mm,
MOHOKJIMHUYHH KpPUCTaJHH CHCTeM, MpPOCTOpHa rpyma P2;/c, a = 7,9427(2),
b =22,0751(9), ¢ = 10,7922(4) A; p = 98,681(2)°, V = 1870,58(11) A%, Z = 4, D, = 1,491
g cm™, Ry = 0,0194, R[l > 26 ()] = 0,0549 u WR, = 0,1753 (cBu noxamwu), S = 1,030.
Kpucranorpadcku momamu 3a 2. Ci7H1gNgOzZn, M, = 419,79, BenwuuHa KpucTaia
0,10 x 0,10 x 0,05 MM, MOHOKIMHMUYHKM KPUCTAIHU CHCTEM, MPOCTOpHa rpyma P2,/c,
a=8,2977(2), b = 21,6627(4), ¢ = 10,8121(3) A; # = 99,1360(10)°, V = 1918,83(8) A?,
Z=4, D, = 1453 g cm®, Riy = 0,0332, R[I > 26 (1)] = 0,0434 u WR, = 0,1090 (cBu
noxamm), S = 1,017,

Cnmka 1. Ctpykrypa komrutekca 1 u 2
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SYNTHESIS AND CHARACTERIZATION OF AZIDO AND
ISOCYANATO Zn(11) COMPLEXES WITH THE
CONDENSATION PRODUCT OF
2-QUINOLINECARBOXALDEHYDE AND GIRARD’S T
REAGENT

M. Milenkovi¢ 2 A. Pevec ®, B. Cobelji¢ ® 1. Turel ®, M. Romanovi¢ 2
K. Andelkovié¢ ?

# Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000 Belgrade,
Serbia ; ° Faculty of Chemistry and Chemical Technology, University of Ljubljana,
Vecna pot 113, 1000 Ljubljana, Slovenia

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

The ligand HLCI was synthesized in the reaction of 2-quinolinecarboxaldehyde and
Girard’s T reagent in ethanol and used for the synthesis of complexes 1 and 2. Complex
1 was obtained in the reaction of HLCI with Zn(BF,),-6H,0 and NaN; in molar ratio
1:1:2 in methanol. Reaction of HLCI with Zn(BF,),-6H,0 and NaOCN in molar ratio
1:1: 4 in methanol results in formation of complex 2. In both of the complexes
hydrazone ligand is coordinated in deprotonated formally neutral zwitter-ionic form. In
complexes 1 and 2 Zn(Il) is pentacoordinated with quinoline nitrogen, azomethine
nitrogen and carbonyl oxygen atoms from hydrazone ligands and two N-coordinated
monodentate pseudohalide ligands. Crystal data of 1: CisHigN;oOZn, M, = 419.76,
crystal size 0.20 x 0.10 x 0.05 mm, monoclinic crystal system, space group P2./c,
a=7.9427(2), b = 22.0751(9), ¢ = 10.7922(4) A; p = 98.681(2)°, V = 1870.58(11) A?,
Z=4, D, = 1491 g cm?® Riy = 0.0194, R[I > 20 (1)] = 0.0549 and WR, = 0.1753 (all
data), S = 1.030. Crystal data of 2: C;7HgNgO32Zn, M, = 419.79, crystal size 0.10 x 0.10
x 0.05 mm, monoclinic crystal system, space group P2/c, a = 8.2977(2),
b =21.6627(4), c=10.8121(3) A; p = 99.1360(10)°, V = 1918.83(8) A3 Z = 4,
D.=1.453 g cm®, Ry = 0.0332, R[l > 20 (1)] = 0.0434 and WR, = 0.1090 (all data),
S =1.017.

Figure 1. Structures of complexes 1 and 2
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KPUCTAJIOT'PA®CKO ITPOYYABAILE UHTEPAKIINJA
N3MEBY ®OCPHUHA U BOPAHA

M. P. MusaoBanosuh *°, J. M. Auxpuh ¢, C. JI. 3apuh ™

& Xemujcxu paxynmem, Ynusepszumem y Beozpady, Cmydenmcku mpe 12-16, Beozpao,
Cpbuja; ® LCSOM, Institut de Chimie de Strasbourg (UMR 7177), Université de
Strasbourg, Strasbourg, France; © Huoeayuonu yenmap, Xemujcku gaxyimem,
Cmyoenmcxu mpe 12-16, Beozpad, Cp6uja; ® Department of Chemistry, Texas A & M
University at Qatar, Doha, Qatar

e-mail: milan.milovanovic@etu.unistra.fr

[To3naro je nma BehmHa QochuHO-O0pancKuX JIyHCOBHMX KHCENo-0a3HHX ITapoBa
MehycoGHO Tpaam KiIacMuHy KoBaseHTHY Besy [1-4]. Mehyrum, otkpuhe
»ppyctpuparnx* JlynmcoBux Kmceno-0a3HMX TmapoBa, Mel)y Kojuma Cy HajBuUIIe
u3y4yaBaHu cucteMu Tpuc(neHraguyopodenun)oopana ca paznuuutuM (GochuHnMA,
yKa3ajo je Ha BEJMKHM YTHIa] HEKOBAJIEHTHUX WHTEPaKLUja Y OBUM CHCTEMUMA MU
OTBOPHJIO j€ HOBO MOJhE UCTPAXKKMBarha y XeMuju [5-6].

VY oBOM HCTpaxkuBamy NpoydaBaHe cy uHtepakuuje usmelhy docdrna n OGopana na
OCHOBY aHaJlu3e KpUCTAJIHUX CTPyKTypa apxuBupanux y KemOpuukoj 06a3zu
cTpykTypHuX noaataka (CSD).

AHanM30M TEOMETPHjCKHX IIapamMerapa JOOHMjeHHX M3 KPUCTAHUX CTPYKTYpa,
yrpBheHo je na je kox Behune kpuctanmHux cTpykTypa (68%) aToM 60pa OKpyskKeH ca TpH
aToma BomoHmka. Kom oBUX cucrema pacrojama m3Mel)y atroma ¢ocdopa u Oopa cy
Kkpaha y OJJHOCY Ha CHCTeMe TIe je aroM Oopa OKpYXKeH CYICTHTYCHTHMa KOjU HHCY
aTOMH BOJOHHMKA. YCIIe]] TOTa, Y OBUM KPUCTAJIHUM CTPYKTypama ce Ipajie KOBaJCHTHE
Bese u3mel)y atoma docdopa u 6opa.

Kaga cyncruryeHTn Ha atomy Oopa HHCY aTOMU BOJIOHHKA, YOUEHO j€ IMOCTOjarbe
3HatHO Behux odceT BpemHOCTH U Behu OIcer BPEAHOCTH HOPMAIHOT PacTojara aToMa
dbocdopa on neHTponaa mMoliekyna 6opana. Bemuku Opoj Hal)eHHX CTPYKTypa CaapKu
npenasHe MeTae.

Pesynrati oBOr MCTpaKMBama MOTY IONPHHETH 00JbEM pasyMeBamby IMPHPOLE
nHTepakuyja usmelhy gocdopa n 6opa y JlyncoBum kucesno-6a3HUM napoBuMa.

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

[2] R. Rudolph, R. Parry, C. Farran, Inorg. Chem. 5 (1966) 723-726.

[3] A. Cowley, M. Damasco, J. Am. Chem. Soc. 93 (1971) 6815-6821.

[4] R. Foester, K. Cohn, Inorg. Chem. 11 (1972) 2590-2593.

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

[6] P. Spies, R. Frchlich, G. Kehr, G. Erker, S. Grimme, Chem. Eur. J. 14 (2008) 333-
343.
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CRYSTALLOGRAPHIC INVESTIGATON OF INTERACTIONS
BETWEEN PHOSPHINES AND BORANES

M. R. Milovanovié¢ *°, J. M. Andri¢ ¢, S. D. Zarié ¢

& Department of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade,
Serbia; ® LCSOM, Institut de Chimie de Strasbourg (UMR 7177), Université de
Strasbourg, Strasbourg, France; © Innovation center, Department of Chemistry,
Studentski trg 12-16, Belgrade, Serbia; ® Department of Chemistry, Texas A & M
University at Qatar, Doha, Qatar

e-mail: milan.milovanovic@etu.unistra.fr

It has been known that most of phosphino-borane Lewis acid-base pairs among
themselves make a classical covalent bond [1-4], however, the discovery of “frustrated”
Lewis acid - base pairs, among which tris(pentafluorophenyl)borane with a variety of
phosphines are the most studied, showed a great influence on the non-covalent
interactions in these systems, and opened a new field of research in chemistry [5,6].

Here we studied the interactions between phosphines and boranes based on the
analysis of crystal structures archived in the Cambridge Structural Database (CSD).

By analyzing the geometrical parameters, obtained from the crystal structures, it was
found that most of the crystal structures (68%) contain a boron atom surrounded by three
hydrogen atoms. In these systems, P-B distance is shorter compared to systems where
the boron atom is surrounded by substituents that are not hydrogen atoms. As a
consequence of the shorter P-B distances in these crystal structures, a covalent bond is
formed between phosphorus and boron atoms.

When the substituents on the boron atom are not hydrogen atoms, the existence of
significantly larger offset values and a wider range of the normal distance between the
phosphorus atom and a centroid of the borane molecule was observed. A large number
of the structures that contain some of the transition metals were found.

The results of this research can contribute to better understanding of the nature of the
interaction between posphorus and boron atoms in Lewis acid-base pairs.

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

[2] R. Rudolph, R. Parry, C. Farran, Inorg. Chem. 5 (1966) 723-726.

[3] A. Cowley, M. Damasco, J. Am. Chem. Soc. 93 (1971) 6815-6821.

[4] R. Foester, K. Cohn, Inorg. Chem. 11 (1972) 2590-2593.

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

[6] P. Spies, R. Frchlich, G. Kehr, G. Erker, S. Grimme, Chem. Eur. J. 14 (2008) 333-
343.
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KPI/ICTAJII/I3AHI/IJA Fe,Os: A Gd25i207 Yy F6203/Gd203/8i02
KOMIIO3UTHOM CUCTEMY

M. M. Muauh ?, B.H. Hukoanh °, H. B. Jlazapos °, C. Josanosuh °

& Jlabopamopuja 3a meopujcky @usuxy u gusuxy kondenzoeane mamepuje, Uncmumym
3a HyKaeapHe Hayke ,, Bunua*®, Ynueepsumem y beoepady, Cpouja; b./761601)6171101)uja 3a
@usuxy, Uncmumym 3a Hykieapre Hayke ,, Bunua*, Yuusepsumem y beoepady, Cpouja
e-mail: lazarov@vinca.rs

[poyuaBabe yrpaime pa3iHuuTHX OKcHaa Mmeraia y SiO, martpuiy mpeamer je
WHTCH3UBHUX HAyYHHX HCTPAKUBamba 300T NMOTEHIMjAIHE TEXHOJOIIKE W MEIUIMHCKE
MPUMEHE TaKo JOOMjEeHHX KOMITO3UTHHX MaTepujama. Y oBoM pamy Fe,03/Gd,05/SiO,
KOMIIO3UTHH CHCTEM NPHUIIPEMJbEH jé NPHMEHOM COJI-TeNl METO/e XeMHUjCKe CHHTE3e,
rmona3zehn o HUTPATHUX COJHM Kao MpeKypcopa raJofinHujymMa W TBoxDha, TOK je Kao
npekypcop cwmigjyma koputrhen terpaetmwioptocunukat (TEOC). Jobujenn y3opak
MOJIeJbEH je Ha BHUILE JEJ0Ba KOjU Cy IOTOM >XaPEHU Ha Pa3MuUTHM TeMIleparypama
(400, 700, 800 u 1030°C) u KapaKTepUCaHHU PA3TUUUTHM EKCIIEPUMEHTATHIM METO1aMa
koje ykibyuyjy XRPD (penarencky nudpakiuony ananusy mnpaxa) FTIR (uadpanpeena
cnekrpockonvja @DypujeoBom Tpanchopmanmjom), VSM  (Mmarmeromerpuja Ha
Bubpupajyhem y3opky), TEM (TpaHCMHCHOHA €EKTPOHCKa MUKPOCKOIIH]a).

XRPD nudpakiponun cnekTpu moOWjeHHX y30paka YKazyjy Ha (opMupame
kpuctanae Qase rBoxhe okCHaa - XeMaTHTa Ha Temriepatypu xapema ox 400°C, mok ce
y y3opky >kapeHoMm Ha 1030°C Moke yOUWTH W TIOjaBa KPHUCTAalHE TPUKIUHHYHE
CTPYKType ragonuaujym mucrnkara Gd,SioO; b Trma, ca rpymom cumerpuje PLl. Hu y
jemIHOM OX JKapeHWX Yy30paka HHje YOdeHa TII0jaBa KPHCTATHUX (GOpMH IOpyTruX
noauMopda ragoMHUjyM aucuiarkara u reoxhe oxcnga. TEM ciuke y3opka sxapeHor
Ha 1030°C yka3yjy Ha (opMupame BEIMKHX arjOMEPUCAHHX YECTHUIA Pa3THIUTHX
BEJIMYMHA Yy OIICETy O HEKOJIMKO HaHOMETapa J0 HEKOJIMKO JIECETHHA HaHOMETapa, 0K
HRTEM cnuke nokasyjy no0py KpHCTaJIMYHOCT y30pKa. MarHeTHa Mepema Ha HCTOM
y30pKY MoKa3yjy ciiabo (epoMarHeTHO MoHaNIamke Ha COOHO] TeMIIepaTypH.

TEM u HRTEM (TEM sucoxe pesonyyuje) ciuxe Fe,05/Gd,05/Si0; y3opra scapenos
na 1030°C. Ha HRTEM cauyu youasajy ce 006po depunucane kpucmantne pasHu

XXIV Kondepenmuja Cprckor kprucrazorpadckor Ipymrsa



Poster Presentations 75

CRYSTALLIZATION OF Fe,O3 AND Gd;Si,O7 IN
F6203/6d203/8i02 COMPOSITE SYSTEM

M. M. Mili¢ %, V. N. Nikoli¢ 2, N. P. Lazarov % S. Jovanovi¢ °

& Laboratory for theoretical physics and condensed matter physics, Vinca Institute of
Nuclear Sciences, University of Belgrade, Serbia; ® Laboratory of physics, Vinca
Institute of Nuclear Sciences, University of Belgrade, Serbia

e-mail: lazarov@vinca.rs

Study on incorporation of different metal oxides in SiO, matrix has been a subject of
intense scientific research due to many potential technological and medical applications
of so obtained composite systems. In the present work Fe,0/Gd,03/SiO, composite
material has been prepared by wet chemical sol-gel method starting from nitrate salts as
gadolinium and iron precursors while tetraethylorthosilicate (TEOS) was used as Si
precursor. Precursor sample was divided into portions and calcined at different
temperatures (400, 700, 800 and 1030°C), and so obtained samples were characterized
by various experimental techniques including XRPD (X-ray powder diffraction), FTIR
(Fourier transform infrared spectroscopy), VSM (vibrating sample magnetometry) and
TEM (transmission electron microscope).

XRPD diffraction spectra showed formation of crystalline hematite iron oxide phase
at 400°C, while at 1030°C crystallization of gadolinium disilicate Gd,Si,0O5 in triclinic
B-type structure with P1 symmetry group was observed. No other polymorphs of
gadolinium disilicate or iron oxide were detected. TEM images of sample calcined at
1030°C showed large agglomerated particles of different sizes ranging from several
nanometers up to several tens of nanometers, while the HRTEM images showed well
developed crystallinity. Magnetization measurements of the same sample, performed at
room temperature, demonstrated weak ferromagnetic behavior.

TEM and HRTEM (high resolution TEM) image of Fe,03/Gd,05/SiO, sample
calcined at 1030°C. HRTEM image shows well developed lattice fringes
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CODPTBEP 3A IIPUKYIIJBAILE IIOJATAKA U YIIPAB/bAIBE
I'OHUOMETAPCKOM JEJUHUIIOM PHILIPS PW1710

C. Pakuh, B. Jokuh, K. IIBejuh

IIM®, Jlenapmman 3a ¢usuxy Hosu Cao, Tpe Jocumeja Obpadosuha 4
e-mail: srdjan.rakic@df.uns.ac.rs

I'onnomerapcku cucteM 3a npax ca rounomerpoM PW1820 u kontposnepom PW1710
je moysmaH, pobycTaH u U3IPKIEUB ypehaj, a mpoussohau, Gpupma Philips je nmpensumena
MOryhHOCT ymnpaBibama Kako IMPEKTHO IPEKO TacTaType Ha KOHTPOJepy, Tako H
TaJbMHCKH, Tomohy padyHapa. PadyHapcka KOMyHHKaIMja c€ OCTBapyje IIpeKo
CEpHjCKOT TIOpPTa 3aJaBamkeM OAroBapajyhmx KOMaHOM KoOje KOHTPOJIEp TOHHOMETpa
npemno3Haje. [Ipobiem je miTo cy y BpeMe mpou3Boame oBor ypehaja (kpaj 80-tux m
moueTak 90-Trux) Ha pacnoiaramy Ommn onepatuBaH cuctemu (OC) mrp. UNIX, VAX-
VMS, DOS, ura., a Kako Cy TH CHCTEMH TOKOM BpEMEHA IOTHUCHYTH, YIJIaBHOM
Windows-om i Linux-om, HameTHyna ce motpeba aa ce Hanuiue cohpTBep Koju he pagutu
nox tam HoBujuM OC. Kopuchuuku wuntepdejc (camka 1) tpeba ma Oyae jacaw,
nperjieaaH, Ja KOPUCHHMKY oMoryhm mnoThnyHy KoHTposty ypebaja W npuKyrnsbama
MepeHuX Iojaraka Kao W IpHUKa3 THX IoJlaTaka y peaJHoM BpemeHy. [lo y3opy Ha
KOPUCHUYKHU MHTepdejc mporpama Koje UCcnopydyjy mnpousBohauu ypehaja, HanmcaH je
coprBep y mporpamckom jesuky Visual Basic 6.0. Codtep je 0azupaH Ha MPETXOIHO
HaIlMCAaHOM 3a ToHMOMeTapcku cucteM Seifert MZ-1V, a KOMyHHKaI[HOHH MOIYN Ce
3acHMBa Ha mporpamy Vbterm Koju je AOCTYHaH Ha HETY W CI000daH 3a KOpHIIheme.
[porpaM moapkaBa cTel W KOHTHHYaJHH HA4MH Mepema, ,,B03ambe” TOHHOMETA,
rpaduUKH TpUKA3 pe3ynTara W joIl Heke aoaatHe ¢yHkumje. Omabup omepanmja je
peann3oBaH Npeko najiajyhux MeHuja, a 3ajaBame oJropapajyhux mapamerapa Meperma
npeko npo3opa. [Iporpam je rectupan Ha ypehajy y HoBom Cany, a y TOKy je TecTHpame
nporpama u Ha PI'® y Beorpany y nuipy ykiamama €BeHTYaJIHUX Tpemiaka. Takohe, y
HOBHUjUM Bep3WjaMa Imporpama ce npejiBuha yrnpasibambe MOAYJIOM 3a IPOMEHY y30paka
PW1775 Sample Changer, u moymom 3a poraitijy y3opka PW1774/00 Sample Spinner.

Crnukal. U3rien kopucHuYKor uHTEpdejca

[1] Seifert MZ-1V Control and Data acquisition

[2] VBTerm - program for the MSComm communications ActiveX control. Copyright
1994, Crescent Software, Inc. by Don Malin and Carl Franklin.

[3] Diffraction Control Unit PW1710/00 Operation Manual, 4™ Edition
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SOFTWARE FOR DATA ACQUISITION AND CONTROL OF
GONIOMETER UNIT PW1710

S. Raki¢, V. Jokié, Z. Cveji¢

Faculty of sciences, Department of physics Novi Sad, Trg Dositeja Obradovica 4
e-mail: srdjan.rakic@df.uns.ac.rs

Goniometer system for powder samples with goniometer PW1820 and PW1710
controller is a reliable, robust and durable device, and company Philips, the
manufacturer, has provided the ability to manage directly via the keyboard on the
controller, or using a computer as a remote device. Computer communication is made
via the serial port by using a set of commands which the controller of the goniometer
recognizes. The problem occurs because different operating systems were available at
the time of production of the device (the end of the 80s and beginning of the '90s), for
example UNIX, VAX-VMS, DOS, etc.,, and since the use of these systems was
suppressed over time, mainly by Windows and Linux, it became necessary to write
software that would work under these operating systems. The user interface (Figure 1)
needs to be clear, intuitive to the user, provide complete control of devices, acquisition
and recording of the measured data, and display them in real time. Following the
example of user interface programs written by device manufacturers, new software was
written using the programming language Visual Basic 6.0. The software is based on the
previously written software for goniometer system Seifert MZ-1V, a communication
module is based on the program Vbterm which is available on the net and free to use.
The program supports step and continuous measurement mode, goniometer driving, a
graphical representation of results and some additional features. Selection of operations
is carried out through the pull-down menu, and assigning the appropriate measurement
parameters using the windows. The program was tested on the device in Novi Sad, and
another testing is currently in progress on RGF in Belgrade in order to eliminate possible
errors. Also, newer versions of the program will include features for additional modules
to change the patterns PW1775 Sample Changer, and for sample rotation PW1774/00
Sample Spinner.

Figur 1. User interface view

[1] Seifert MZ-1V Control and Data acquisition

[2] VBTerm - program for the MSComm communications ActiveX control. Copyright
1994, Crescent Software, Inc. by Don Malin and Carl Franklin.

[3] Diffraction Control Unit PW1710/00 Operation Manual, 4™ Edition
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KRISTALNA STRUKTURA [Zn(H20)s][H2L]2(SO4)s-3H,0
(L = 2-ACETILPIRIDIN AMINOGVANIDIN)

M. V. Rodié¢, M. M. Radanovié, Lj. S. Vojinovié-Jesié, V. M. Leovac

Univerzitet u Novom Sadu, Prirodno-matematicki fakultet, Trg Dositeja Obradovicéa 3,
21000 Novi Sad, Srbija
e-mail: marko.rodic@dh.uns.ac.rs

U nastavku izu€avanja koordinacione hemije 2-acetilpiridin-aminogvanidina (L) [1]
ispitivana je mogucnost sinteze kompleksa Zn(I) sa ovom Sifovom bazom kao
potencijalnim N3 tridentatnim ligandom. U reakciji vodenih rastvora ZnSO, i hloridne
soli liganda u molskom odnosu 1:1 dobijeni su $tapicasti monokristali jedinjenja sastava
[Zn(H20)6](H:L)2(SO4)3-3H0.

Struktura jedinjenja je reSena u prostornoj grupi P1 sa parametrima jedini¢ne éelije
a=7,2609(4), b=12,1521(4), c=20,7448(11) A, «=104,346(4), S =94,450(4),
y=102,566(3)° (¢elija I, slika 1 — isprekidana linija). Asimetri¢na jedinica sadrzi
kompleksni katjon [Zn(H,0)s]**, dva nezavisna organska katjona [H,L]**, dva nezavisna
sulfat-jona, kao i dva molekula kristalne vode. Pored toga, u asimetri¢noj jedinici se
nalaze dodatni sulfat-jon i molekul kristalne vode, koji su u paru neuredeni oko
nekristalografskog centra simetrije. Utaénjavanje neuredenosti sulfat-jona zahtevalo je
primenu veoma strogih ograni¢enja za meduatomska rastojanja i anizotropne parametre
pomeranja. Geometrijska analiza pomoc¢u programa PLATON ukazuje da se struktura
moze opisati u dvostruko manjoj jedini¢noj ¢eliji (¢elija 11, slika 1 — puna linija), takode
u prostornoj grupi P1 (transformaciona matrica [~ —% 0 / =1 0 0 / =% =% —1]).
Medutim, model II ne objaSnjava pojavu
svih refleksija opaZenih u difrakcionoj
slici, jer se javljaju i relativno slabe
refleksije koje se mogu opisati Milerovim

indeksima 2kL,h i k = 2n+1. Za njih je

karakteristicna i pojava difuznog rasejanja
u pravcu ose c* (slika 2). Zbog toga model
I bolje opisuje strukturu, iako su parametri
utacnjavanja bolji kada se koristi model II.

Parametri utaénjavanja: Model I: R1 =
0,041 za 5642 refleksija sa Fy>4a(F,),
wR2 = 0,173 i S = 0,714 za svih 7660
refleksija; 537 parametara, 94 ogranicenja.
Model Il: R1 = 0,028 za 3473 refleksija sa
Fo>40(F,); wR2 = 0,071, S = 1,097 za svih
3818 refleksija; 353 parametra, 105
ogranicenja.

Slika 1. Kristalna struktura [Zn(H,0)e][H,L]2(SO4)3-3H,0

[1] Lj. S. Vojinovi¢-Jesi¢, M. M. Radanovi¢, M. V. Rodi¢, V. Zivkovi¢-Radovanovid,
Lj. S. Jovanovié¢, V. M. Leovac, Polyhedron 117 (2016) 526-534.
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CRYSTAL STRUCTURE OF [Zn(H;0)s][H2L]2(SO4)3-3H,0
(L = 2-ACETYLPYRIDINE AMINOGUANIDINE)

M. V. Rodié¢, M. M. Radanovié, Lj. S. Vojinovié-Jesié, V. M. Leovac

University of Novi Sad, Faculty of Sciences, Trg Dositeja Obradoviéa 3, 21000 Novi
Sad, Serbia
e-mail: marko.rodic@dh.uns.ac.rs

As a continuation of our studies in the field of coordination chemistry of 2-
acetylpyridine-aminoguanidine (L) [1], the aim of recent research was to synthesize and
examine Zn(ll) complexes with this Schiff base as an N3 tridentate. The reaction of
water solutions of ZnSO, and dichloride ligand salt in molar ratio 1:1, resulted in
formation of rod-like single crystals, i.e. [Zn(H,0)s](H,L)2(SO,)3-3H,0.

The structure was solved in P1 with unit cell parameters: a=7.2609(4),
b =12.1521(4), ¢ = 20.7448(11) A, a = 104.346(4), S = 94.450(4), y = 102.566(3)° (cell
I, Fig. 1 — dashed line). The asymmetric unit consists of complex cation [Zn(H,0)s]*,
two independent molecular cations [H,L]*, two independent sulfate ions, as well as two
lattice water molecules. Furthermore, it contains an additional sulfate ion and water
molecule, which are as a pair disordered over a non-crystallographic inversion center.
The refinement of disorder requires application of tight restraints on bond lengths and
ADP parameters for one of the sulfate ions. Geometrical analysis of the structure using
PLATON reveals an alternate unit cell also in P1 (cell I, Fig 1 — solid line), half in size
compared to cell I (transformation matrix is [-%2 =20/ -1 0 0 / = —% —1]), in which
the structure can be described. However, unit cell 11 does not explain the presence of all
measured reflections, as diffraction data contain additional weaker reflections described

with Miller indices %klz h and k = 2n+1. These reflections have prominent diffuse

scattering contribution, which form streaks along c¢* (Fig 2.). Thus, model | is preferred
to model 11, despite better refinement statistics of the latter.

Refinement details: Model I: R1 = 0.041 for 5642 reflections with F,>40(F,); WR2 =
0.173, S = 0.714, for all 7660 reflections; 537 parameters, 94 restraints. Model 11: R1 =
0.028 for 3473 reflections with F,>40(F,); wR2 = 0.071, S = 1.097, for all 3818
reflections, 353 parameters, 105 restraints.

0! hl1f

Figure 2. Reciprocal space cross-sections. Reciprocal axes correspond to the cell 11.

[1] Lj. S. Vojinovi¢-Jesi¢, M. M. Radanovi¢, M. V. Rodi¢, V. Zivkovi¢-Radovanovid,
Lj. S. Jovanovi¢, V. M. Leovac, Polyhedron 117 (2016) 526-534.
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PROBLEMI SA GENERATORIMA RENDGENSKOG ZRACENJA

S. Puri¢

Rudarsko-geoloski fakultet, Univerzitet u Beogradu, Pusina 7, 11000 Beograd, Srbija
e-mail: s.djuric@EUnet.rs

Osnovni alat svakog kristalografa je izvor rendgenskog zraéenja, koji se prvenstveno
sastoji od generatora rendgenskog snopa. Ovi generatori mogu da budu po konstrukciji
veoma jednostavni i da budu sastavljeni od malog broja delova, ali ima i generatora koji
su veoma komplikovani i skupi, posto imaju visoku stabilizaciju rendgenskog snopa,
snabdeveni su raznim osiguranjima i automatikom. Svi oni sadrze rendgensku cev koja
se napaja visokim naponom iz sopstvenog generatora.

Vecina laboratorija raspolaZze generatorima starijeg tipa koji ponekad znaju da otkaZu
poslusnost. U ovom radu su prikazane najcesée greSske koje mogu da se jave na
generatorima [1]:

1) Generator je nemoguée ukljuciti.

2) Nema anodne struje (mA).

3) Miliampermetar pokazuje maksimum.

4) Nema visokog napona (kV).

5) Dolazi do povremenog samoisklju¢ivanja

6) Slab fluks rendgenskog zracenja ili ga nema.

7) Na difraktogramu se pojavljuju nepostojeée refleksije.
8) Parazitno zracenje.

[1] S. Buri¢, Metode istraZivanja u kristalografiji, SANU Beograd, Tehnicki fakultet
Cacak, (2002)
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X-RAY GENERATOR PROBLEMS

S. Puri¢

Faculty of Mining and Geology, University of Belgrade, Pusina 7, 11000 Belgrade,
Serbia
e-mail: s.djuric@EUnet.rs

The basic tool of instrumental crystallographer is an X-ray source. It contains
primarily an X-ray beam generator. These generators can be very simple and cheap, but
some of them may be very sophisticated and expensive because they have to achieve
high stability of X-rays and are equipped with numerous automatic security switches.
Moreover all of those generators have an X-ray tube supplied with high voltage from its
own source. Most of the laboratories use relatively old devices, occasionally facing
problems in X-ray source operation. This work will describe the most frequent problems
with X-ray sources operation [1]:

1) It is not possible to energize the generator.
2) No anode current (mA).

3) mA meter shows maximum value.

4) No high voltage (kV).

5) Generator turns off occasionally.

6) Weak or not existant flux of the X-rays.
7) Appearance of nonexisting reflections.

8) "Parasitic" Rays.

[1] S. DPuri¢, Metode istrazivanja u kristalografiji, SANU Beograd, Tehnicki fakultet
Cacak, (2002)

24™ Conference of the Serbian Crystallographic Society



82 Ilocmepcka caonwmersa

HIDROTERMALNA SINTEZA CINKOM | MAGNEZIJUMOM
SUPSTITUISANIH NANOCESTICA MAGNETITA U
MIKROTALASNOM POLJU

M. Ognjanovi¢ % 1. Spasojevi¢ %, B. Doj¢inovié °, B. Anti¢ ®

% Institut za nuklearne nauke ,,Vinca*, Univerzitet u Beogradu, p. fah 522, M. Petroviéa
Alasa 12-14, 11001 Beograd, Srbija; ® Institut za hemiju, tehnologiju i metalurgiju,
Univerzitet u Beogradu, Studentski trg 12-16, 11000 Beograd, Srbija.

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

Superparamagnetne nanocestice gvozde oksida (SPION) su predmet intenzivnog

nau¢nog istraZivanja zbog njihove potencijalne primene u medicini (MRI, ciljana
isporuka medikamenata i magnetna hipertermija), zastiti Zivotne sredine, katalizi, itd.
U ovom radu predstavljamo novu metodu sinteze supstituisanog magnetita (FezO,) i
njenu optimizaciju u cilju dobijanja magnetnih nanocestica superiornih osobina za
primene u magnetnoj hipertermiji. Parametri sinteze ¢iji se uticaj ispituje su: temperatura
i vreme grejanja u mikrotalasnom polju, uticaj surfaktanata i hemijskog sastava na
morfologiju, distribuciju cestica po veliCini, vrednost saturacione magnetizacije i
specifiéne apsorpcije. Serije Zn- i Mg-supstituisanih Fe;O4 nano&estica oznaéenih kao
Zn,Fes, O, | Mg,Fes, 04 (x =0; 0,1; 0,2; 0,4; 0,6; 0,81 1,0) su pripremljene dvostepenom
procedurom, Koprecipitacijom koja je pra¢ena hidrotermalnim tretmanom u
mikrotalasnom polju na 100 °C u trajanju od 10 minuta. Reakcione smeSe su bile
podesene tacnim odmeravanjem odgovarajucih soli Zn, Mg i Fe, ekvivalentno molskom
odnosu metala u ciljnom Zn,Fe; ,O4 i| Mg, Fes4O4. Mikrostrukturni parametri su dobijeni
iz podataka difrakcije X-zraka na prahu (XRPD). Morfologija i veli¢ina Cestica je
ispitana koriS¢enjem transmisione elektronske mikroskopije (TEM) i Image] softvera.
Elektrosterna stabilizacija Cestica je postignuta njihovim oblaganjem limunskom
kiselinom (CA), oleinskom kiselinom (OA) i polietilen glikolom (PEG). Ispitane su
moguénosti primene sintetisanih nanocestica u magnetnoj hipertermiji merenjem
specifiéne absorpcije (SAR) i unutrasnjeg gubitka snage (ILP) analizom krivih grejanja.

Hemijski sastav uzoraka odreden metodom induktivno spregnute plazme sa
atomskom emisionom spektroskopijom (ICP-AES) je pokazao dobru ugradnju cinka i
magnezijuma u Fe;O,. Difrakcioni podaci ukazuju da svi uzorci kristaliSu u spinelnom
tipu strukture. Analizom TEM podataka dobijeno je da su Cestice sfernog oblika i
veli¢ine izmedu 10 nm i 20 nm sa log-normalnom raspodelom. Merenjem specifi¢ne
apsorpcije utvrdeno je da uzorci do X = 0,2 pokazuju najveéu sposobnost grejanja.
Dobijena je vrednost specifi¢ne apsorpcije u opsegu od 101,6 W/g do 635,3 W/g za
uzorak Zng,Fe, 0,4 i 0d 125,6 W/g do 594,9 W/g za uzorak Mg Fe; g0, pri razli¢itim
frekvencijama i na ja¢ini magnetnog polja od 200 G.

Rezultati strukturnih i magnetnih istrazivanja, kao i kalorimetrijska merenja pokazuju
da se koriS¢enjem dvostepene metode sinteze mogu uspesno pripremiti supstituisane
nanocestice magnetita dobro definisanog oblika i relativno uske distribucije i da se
ispitani ferofluidi mogu potencijalno koristiti za primene u magnetnoj hipertermiji.
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HYDROTHERMAL SYNTHESIS OF ZINC AND MAGNESIUM
SUBSTITUTED MAGNETITE NANOPARTICLES IN A
MICROWAVE FIELD

M. Ognjanovi¢ % 1. Spasojevi¢ %, B. Doj¢inovié °, B. Anti¢ ®

& “Vinca” Institute of Nuclear Sciences, University of Belgrade, P.O. Box 522, Mike
Petrovica Alasa 12-14, 11001 Belgrade, Serbia; ° Institute of Chemistry, Technology
and Metallurgy, University of Belgrade, Studentski Trg 12-16, 11000 Belgrade, Serbia.
e-mail: miloso@vin.bg.ac.rs

Superparamagnetic iron oxide nanoparticles (SPIONs) are in focus of scientific

interest because of their potential application in medicine (MRI contrasting, targeted
drug delivery and magnetic hyperthermia), environmental protection, catalysis, etc.
In this paper, we present a novel method for synthesis of substituted magnetite (FesOg)
and its optimization in order to obtain magnetic nanoparticles of superior properties for
application primarily in magnetic hyperthermia. Synthesis parameters whose influence
are examined are temperature and time of heating in a microwave field, the effect of
surfactants and chemical composition on the morphology, particle size distribution,
saturation magnetization and specific absorption. Zn- and Mg-substituted Fe;0,4
nanoparticles represented as Zn,Fe,.,O4 and Mg,Fe;, O, (x =0, 0.1, 0.2, 0.4, 0.6, 0.8 and
1.0) were prepared by a two-stage procedure, coprecipitation method followed by
hydrothermal treatment in a microwave field at 100 °C for 10 minutes. The x values
were conventionally determined, based on the assumption that the amount of Zn- and
Mg- doped into Fe;0, is directly related to the molar ratios of Zn, Mg and Fe atoms in
appropriate pure powders used for the experiment. Microstructural parameters of the
samples were analyzed by use of X-ray powder diffraction (XRPD). Particle size and
their morphology were examined using transmission electron microscopy (TEM) and
ImageJ software. Electrosteric stabilization was done by coating nanoparticles with citric
acid (CA), oleic acid (OA) and polyethylene glycol (PEG). Finally, heating abilities
were compared by calculating Specific Absorption Rate (SAR) and Intrinsic Loss Power
(ILP) from analysis of heating curves.

The samples’ chemical composition studied by means of inductively coupled plasma-

atomic emission spectroscopy (ICP-AES) showed good embedding of doped ions into
parent compound. Diffraction data showed spinel crystal structure with lack of
amorphous phase. From TEM analysis it is clear that particles have well defined
spherical shape with size between 10 and 20 nm and undergo log-normal size
distribution. From SAR measurements, it was found that the samples up to x = 0.2 of
substituted atoms have highest heating ability. The resulting value for specific absorption
was in the range from 101.6 to 635.3 W/g for the sample Zn,,Fe, O, and from 125.6 to
594.9 W/g for sample Mg,.Fe, 0, at various frequencies and strength of the magnetic
field of 200 G.
Results of structural and magnetic studies, as well as of calorimetric measurements show
that this two-step method of synthesis can be successfully used to prepare substituted
nanoparticles of magnetite of well-defined shape, relatively narrow size distribution and
that examined ferrofluids can be potentially used in hyperthermia therapy.
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JAKE O-H/M BOAOHUYHE BE3E UBMEBY BOJAE U
KBAJPATHO-IINTAHAPHUX KOMILJIEKCA Ir U Rh

J1. K. BesbkoBuh ? T. B. Jawuh °, M. JI. Mustocasmwesuh ?, C. JI. 3apuh *°

& Xemujcku paxynmem, Yuusepzumem y Beozepady, Cmyodenmcku mpe 12-16, Beozpao,
Cpbuja; b UXTM, Vuueepsumem y Beoepady, Hbecowesa 12, beoepao, Cpouja;
Department of Chemistry, Texas A & M University at Qatar P.O. Box 23874 Doha,
Qatar

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

BononnuHO Be3uBame je MHTEH3WBHO MPOYYaBAHO y XEMHjCKUM, OMOXEMHjCKAM H
6uomnomkuM cuctemuma [1,2]. Mako je mo3HaTo 7a KOMIUIEKCH TIPETa3HuX MeTajla MOTY
na hopMupajy pa3IHINTe TUIIOBE HEKOBAJIICHTHUX MHTEPAKIINja, METAJIH Kao aKIEITOPH
HHCY YKJbYYeHH y nehUHUIHN]y BojoHWYHE Bese [3,4]. Mehyrum, mocraino je jacHo ma
MEeTalK MOTY Jia UTPajy 3HauajHe yJIore Y BOJOHHYHOM BE3UBAIbY.

VY oBoM pany cy momoliy ab initio mpopauyna npoy4aBane HekoBaieHTHe O-H/M
UHTepakije u3Mely MoJieKyla BOAE W KBaJpaTHO-IUTAHAPHUX AaleTHIALETOHATHUX
KoMmIuiekca ca pasnmmuntuM Jmranauma (en, H,O, CO, CN u OH") u pasnuuutum
aromuma metana (Ir(l), Rh(l), Pt(11) u Pd(IT) [5].

On mpoydaBanux HeytpamHux komruiekca, [Pd(acac)(CN)(CO)] rpamu Hajcnabuje
uHTepaknmje, -0,62 kcal/mol, nox [lIr(acac)(en)] komiuieke rpaan Hajjadue HHTEPAKIHjeE,
-9,83 kcal/mol. OBa uHTepaknmja je jaua 0] KOHBEHIIMOHAIHE BOJOHWYHE Be3e HU3Mehy
nBa momnekyna Boge (-4,84 kcal/mol). O-H/M wunrepakimje m3mel)y monekyna Boge u
KBapaTHO-IUIAHAPHAX ALETHIACTOHATHUX KOMIUIEKCA Cy HICHTH(OUKOBAaHE H Y
KPHUCTAJHUM CTPYKTypama.

Kpucramnua crpykrypa NOXJER ca O-H/Pt untepakimjom

[1] G. R. Desiraju, Angew. Chem. Int. Ed, 50 (2011) 52-59.

[2] D. Z. Vojislavljevi¢, G. V. Janji¢, D. B. Ninkovi¢, A. Kapor, S. D. Zari¢,
CrystEngComm, 15 (2013) 2099-2105.

[3] Y. S. Tan, S. N. A. Halim, K. C. Molloy, A. L. Sudlow, A. Otero-de-la-Roza, E. R.
T. Tiekink, CrystEngComm, 18 (2016) 1105-1117.

[4] D. P. Malenov, D. B. Ninkovi¢, S. D. Zari¢, ChemPhysChem, 16 (2015) 761-768.

[5] G. V. Janji¢, M. D. Milosavljevi¢, D. Z. Veljkovié¢, S. D. Zari¢, Phys. Chem. Chem.
Phys. 19 (2017) 8657-8660.
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STRONG O-H/M HYDROGEN BONDS BETWEEN WATER AND
SQUARE-PLANAR Ir AND Rh COMPLEXES
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 Department of Chemistry, University of Belgrade, Studentski trg 12-16,11000
Belgrade, Serbia; ° Institute of Chemistry, Technology and Metallurgy, University of
Belgrade, NjegoSeva 12, P.O. Box 473, 11000 Belgrade, Serbia; ° Department of
Chemistry, Texas A & M University at Qatar, P.O. Box 23874, Doha, Qatar

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

Hydrogen bonding in chemical, biochemical and biological systems has been
investigated intensively [1,2]. Although it is known that metal complexes can form
different types of non-covalent interactions, metals as acceptors were not included in the
discussions on hydrogen bonding definition [3,4]. However, it has become increasingly
evident that metals can play considerable roles in hydrogen bonding.

In this work, non-covalent O-H/M interactions between a water molecule and square-
planar acetylacetonato complexes with different ligands (en, H,O, CO, CN™ and OH")
and different metal atoms (Ir(1), Rh(l), Pt(l1), and Pd(ll) were studied by high level ab
initio calculations [5].

Among the studied neutral complexes, the [Pd(acac)(CN)(CO)] complex forms the
weakest interaction, -0.62 kcal/mol, while the [Ir(acac)(en)] complex forms the strongest
interaction, -9.83 kcal/mol. This interaction is stronger than the conventional hydrogen
bond between two water molecules (-4.84 kcal/mol). O-H/M interactions between a
water molecule and square-planar acetylacetonato complexes were also identified in
crystal structures.

Crystal structure NOXJER with O-H/Pt interaction

[1] G. R. Desiraju, Angew. Chem. Int. Ed, 50 (2011) 52-59.

[2] D. Z. Vojislavljevi¢, G. V. Janji¢, D. B. Ninkovi¢, A. Kapor, S. D. Zari¢,
CrystEngComm, 15 (2013) 2099-2105.

[3] Y. S. Tan, S. N. A. Halim, K. C. Molloy, A. L. Sudlow, A. Otero-de-la-Roza, E. R.
T. Tiekink, CrystEngComm, 18 (2016) 1105-1117.

[4] D. P. Malenov, D. B. Ninkovi¢, S. D. Zari¢, ChemPhysChem, 16 (2015) 761-768.

[5] G. V. Janji¢, M. D. Milosavljevi¢, D. Z. Veljkovié¢, S. D. Zari¢, Phys. Chem. Chem.
Phys. 19 (2017) 8657-8660.
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KRISTALNA STRUKTURA O,0'-DIMETIL ESTRA (S,5)-
ETILENDIAMIN-N,N'-DI-2-(4-METIL)-PENTANSKE KISELINE
HIDROHLORIDA

J. M. Maskovi¢ %, S. Garcia-Granda ®, L. Menéndez-Taboada °, S. R. Trifunovié

@ Agronomski fakultet, Univerzitet u Kragujevcu, Cara DuSana 34, 32 000 Cacak,
Republika Srbija; ° Univerzitet u Oviedu, Hemijski fakultet, Spanija; ° Institut za hemiju,
Prirodno-matematicki fakultet, Univerzitet u Kragujevcu, Radoja Domanoviéa 12, 34
000 Kragujevac, Republika Srbija

e-mail: jelenav@kg.ac.rs

Sintetisan je bidentatni N,N' ligand prekursor [1], O,O'-dipentil estar (S,S)-
etilendiamin-N,N'-di-2-(4-metil)-pentanske ~ kiseline  dihidrohlorida. =~ Estar  je
prekristalisan u toplom metanolu i nakon hladenja i stajanjem nekoliko dana na sobnoj
temperaturi dobijeni su kristali pogodni za rendgensku strukturnu analizu. Usled
transesterifikacije nastao je novi O,O'-dimetil estar (S,S)-etilendiamin-N,N'-di-2-(4-
metil)-pentanske Kiseline hidrohlorida, ¢ija je kristalna struktura predstavljena.

Kristalografski podaci: CigH33CIOsN,, M, = 352,90, monoklini¢ni kristalni sistem,
prostorna grupa C2, a = 31,6610(2), b = 5,2270(3), ¢ = 10,0840(2) A, Z = 2,
£=92,662(2), V = 1667,02(3) A%, p =1,192 g cm™, R, = 0,1370 za 1194 refleksije sa
I > 40(1), WR, = 0,2135. Difrakcioni podaci sa monokristala prikupljeni su na sobnoj
temperaturi na Oxford Diffraction Xcalibur Gemini S difraktometru opremljenim CuKa
zratenjem (1 = 1,54184 A).

[1] J. M. Vuyjié, M. Cvijovi¢, G. N. Kaluderovi¢, M. Milovanovi¢, B. B. Zmejkovski, V.
Volarevi¢, N. Arsenijevi¢, T. J. Sabo, S. R. Trifunovi¢, Eur. J. Med. Chem. 45 (2010)
3601-3606.
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Bidentate N,N'-ligand precursor, O,0'-dipenthyl ester of (S,S)-ethylenediamine-N,N'-
di-2-(4-methyl)-pentanoic acid dihydrochloride was prepared [1]. The ester was
recrystallized from the warm methanol and after cooling and standing for several days at
room temperature, single crystals suitable for X-ray measurements were obtained.
Crystal structure after transesterification of new O,O'-dimethyl ester of (S,S)-
ethylenediamine-N,N'-di-2-(4-methyl)-pentanoic acid hydrochloride is given herein.

Crystallographic data: C1sH33CIO4N,, M, = 352.90, monoclinic crystal system, space
group C2, a=31.6610(2), b = 5.2270(3), ¢ = 10.0840(2) A, Z = 2, = 92.662(2) °,
V =1667.02(3) A% p = 1.192 g cm™, R, = 0.1370 for 1194 observed reflections with
I >40(1), wR, = 0.2135. The diffraction data from a selected single crystal were
collected at room temperature on Oxford Diffraction Xcalibur Gemini S diffractometer
equipped with CuKa radiation (1 = 1.54184 A).

[1] J. M. Vuyjié, M. Cvijovi¢, G. N. Kaluderovi¢, M. Milovanovi¢, B. B. Zmejkovski, V.
Volarevi¢, N. Arsenijevi¢, T. J. Sabo, S. R. Trifunovi¢, Eur. J. Med. Chem. 45 (2010)
3601-3606.
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