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STRUCTURE SOLUTION AND REFINEMENT OF
NANOCRYSTALS USING PRECESSION ELECTRON
DIFFRACTION DATA: AN OVERVIEW OF THE LAST
ADVANCES.

P. Roussel

Catalysis and Solid State Chemistry Unity (UCCS) — UMR CNRS 8181 — National School
of Chemistry of Lille, 59652 Villeneuve d’Ascq, France
e-mail: pascal.roussel@ensc-lille.fr

If on one hand, structure refinement from X-ray diffraction data is a well-established
method routinely used in many laboratories around the world, on the other hand, structure
refinement from electron diffraction data is generally considered as difficult, cumbersome
and restricted only to special cases. Last decade of development in the field of electron
crystallography has shown, however that it is possible to solve and refine crystal structures
from electron diffraction data in a way analogical to the procedures used in X-ray crystal-
lography. Very recent progress in combining structure refinement with calculations using
dynamical diffraction theory shows that such refinements have the potential to approach
—probably one day, reach — the accuracy and reliability of X-ray structure refinement. The
important advantage is that the data collection can be performed on nanocrystals only a
few tens of nanometers in size. This talk will describe the entire procedure, from the data
collection through data processing to the structure solution and refinement, pointing out
the similarities and differences to the process of structure determination from X-ray dif-
fraction data that is familiar to most practicing crystallographers.

From a practical point of view, electron diffraction experiments on nanocrystals are
performed in a transmission electron microscope. Traditionally, electron diffraction pat-
terns were collected from oriented crystals. However, this technique is time consuming
and it is difficult to collect sufficiently complete data using only oriented patterns. An
alternative is to use the method of rotating crystal that is customary in X-ray diffraction
experiments. In the field of electron crystallography this method is called electron diffrac-
tion tomography (EDT [1,2]). A (non-oriented) crystal is tilted around the goniometer axis
in small steps (typically 0.5 or 1°, but sometimes much smaller), and a diffraction pattern
is recorded after every step on an area detector, typically a CCD camera. The electron
microscope thus acts as a single-circle diffractometer with area detector. The intensity of
reflections is critically dependent on the exact orientation of the crystal. This makes the
interpretation of the intensities difficult. A technique called precession electron diffraction
(PED, [3]) partly removes this effect.

Once recorded, the data can be processed in a way very similar to the procedures used
in X-ray diffractometer software, i.e. the frames are analyzed for maxima, which are stored
in a “peak table” and subsequently used for finding the unit cell and orientation matrix.
This matrix is then used to predict the position of all reflections on the diffraction patterns,
and integrate their intensities.
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The basic principles of structure solution from electron diffraction data are the same as for
X-ray diffraction data. The difference is in the quality of the solution. While X-ray dif-
fraction data often provide complete solutions that can be directly submitted to refinement
process, electron diffraction data, being less complete and much noisier (in the sense “de-
viating from the expected proportionality between intensity and structure factor squared”)
often result in partial solutions that require intervention of a crystallographer. However,
most often the solutions are sufficiently good to allow finding the correct structure. A
particular attention to the Charge Flipping algorithm will be paid, since it is very useful
with electron diffraction data.

The structure refinement is the most problematic part of structure analysis from EDT
data. The least-squares refinement can be performed against electron diffraction data using
the kinematical approximation (i.e. using the assumption that the structure factor ampli-
tude is proportional to the square root of the diffracted intensity). However, this approxi-
mation is very inaccurate due to the deviations from the kinematical diffraction theory
caused by multiple scattering. As a result, the refined structures yield high R-values (R1
typically between 20 and 30%), inaccurate results (deviations from the correct atomic po-
sitions typically up to 0.2 A, but sometimes more), and non-reliable estimates of the un-
certainties of the refined parameters. Despite of these problems, kinematical refinement is
used with EDT data, because it is easily accessible in several refinement programs, and it
provides a quick estimate of the correctness of the determined structure. For many appli-
cations, where it is the connectivity that is of interest and not the accurate atomic positions,
kinematical refinement provides sufficient information.

An obvious remedy to the deficiencies of the kinematical refinement is to use the cor-
rect dynamical theory to calculate the expected diffracted intensities from a model struc-
ture. The underlying theory has been developed long time ago (see e.g. [4] for an over-
view), but the practical application was hampered by several technical problems. First of
all, the dynamical diffraction theory is a many beams theory, and the intensity calculations
require exponentiation of a large matrix, and are thus quite time consuming. Another se-
rious problem is that the calculated intensities are very sensitive to the crystal orientation
and thickness. Indeed, if the crystal is slightly mosaic, bent, or has irregular shape, the
experimental intensities will strongly deviate from the theoretical calculation, which as-
sumes a perfect crystal. A remedy to this problem is to use PED data. As already men-
tioned, such data are less sensitive to crystal imperfection, crystal orientation
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and details of the crystal shape. It is thus possible to calculate PED intensities to a better
accuracy [5].

The progress in structure determination from electron diffraction data achieved over
the last decade was enormous. A series of recent developments changed this approach
from an exotic and specialized topic to a commonly accepted and widely used. The meth-
odological development is by no means finished, but it has reached such a state of maturity
that structures can be solved from electron diffraction data by almost anybody with access
to a suitable transmission electron microscope and with basic crystallographic education.
A review on the last progress in the field will be presented.
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KLasOs(VO,), : example of a structure solved ab initio using elec-
tron diffraction data and refined using the dynamic theory of dif-
fraction [6]

Schematic illustration of the multiple
diffraction occurring in a crystal

[1] U. Kolb, T. Gorelik, C. Kiibel, M. T. Otten, D. Hubert, Ultramicroscopy, 107 (2007)
507-513.

[2] D. Zhang, P. Oleynikov, S. Hovméller, X. Zou, Z. Kristallogr., 225 (2010) 94-102.

[3] R. Vincent, P. A. Midgley, Ultramicroscopy, 53 (1994) 271-282.

[4] J. Spence, J. M. Zuo, Electron microdiffraction. New York: Plenum Press. 1992.

[5] L. Palatinus, C. Corréa, G. Steciuk, D. Jacob, P. Roussel at al., Acta Cryst. B, 71 (2015)
740-751.

[6] M. Colmont, L. Palatinus, M. Huvé, H. Kabbour, S. Saitzek, N. Djelal, P. Roussel,
Inorg. Chem., 55 (2016) 2252—2260.
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HOW CAN WE STILL IMPROVE THE GROWTH OF
SINGLE CRYSTALS OF SMALL MOLECULES?

B. Spingler

Department of Chemistry, University of Zurich, Switzerland
e-mail: spingler@chem.uzh.ch

The growth of single crystals is an absolute requirement for any X-ray structure determi-
nation. Interested researchers can find in the literature [1-3] and on the internet suitable
informations [4-6]. We have written a tutorial that summarizes our experience gained dur-
ing more than 15 years mainly in the field of vapour diffusion [7]. These vapour diffusion
experiments were always performed at room temperature. Combinations of unusual sol-
vents (like methyl formate) and antisolvents (like cyclopentane) were shown to be very
advantegous. In addition, we presented our strategies, how to transform crystalline mate-
rial into single crystals.

Recently, we started to explore the influence of the temperature upon the single crystal
growth by vapour diffusion. Additionally, we have used the machine CrystalBreeder from
Technobis to grow high quality single crystals by thermal recrystallization within hours
using only a few milligrams of material. This is remarkable because normally thermal
recrystallization almost never yields single crystals suitable for X-ray analysis.

influence T
of T?
%
t

=

[1]P. G. Jones, Chem. Brit., 17 (1981) 222-225.

[2] P. van der Sluis, A. M. F. Hezemans, J. Kroon, J. Appl. Cryst., 22 (1989) 340-344.

[3]J. Hulliger, Angew. Chem. Int. Ed., 33 (1994) 143-162.

[4]1A. J. Blake, "Crystal Growth, Evaluation and Handling", (2010) www.notting-
ham.ac.uk/~pczajb2/growcrys.htm.

[5]1P. D. Boyle, "Growing Crystals That Will Make Your Crystallographer Happy",
(2013) http://xray.chem.uwo.ca/crystal_growing/GrowXtal.html.

[6] M. Lutz, "Tips for Crystal Growing", (2013) http://www.cryst.chem.uu.nl/lutz/ grow-
ing/growing.html.

[7] B. Spingler, S. Schnidrig, T. Todorova, F. Wild, CrystEngComm, 14 (2012) 751-757.
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CATION EXCHANGE MEDIATED BY MECHANICAL
GRINDING IN ORGANIC SALTS OF DRUGS

E. R. T. Tiekink

Research Centre for Crystalline Materials, Faculty of Science and Technology, Sunway
University, No.5 Jalan Universiti, 47500 Bandar Sunway, Selangor Darul Ehsan,
Malaysia

e-mail: edwardt@sunway.edu.my

Conventional wisdom suggests that once in a crystal, molecules, being surrounded by a
tightly knit crystalline manifold, are chemically inert. Of course there are exceptions to
this paradigm and these form the focus of this presentation concerning reactions occurring
in crystals. The most notable example of solid-state reactivity is the work by Schmidt who
exploited favourable dispositions of alkene bonds to synthesise cyclobutane derivatives in
crystals via the [2+2] cycloaddition reaction mediated by UV radiation — the first results
in this field heralded the burgeoning field of Crystal Engineering. Subsequently, these
endeavours have been greatly expanded to many and various organic and metalorganic
systems. After a brief overview of these reactions, attention will be directed towards
mechanochemistry, dry grinding or liquid-assisted grinding (LAG). Mechanical grinding
has proven to be a most convenient method of preparing multi-component crystals, often
termed co-crystals. Such synthesis, sometimes termed non-covalent derivatisation, has
enormous repercussions for the pharmaceutical industry when the co-crystal coformers
are active pharmaceutical agents and generally regarded as safe molecules. The conse-
quences of such chemistry relate to the fundamental issues associated with polymorphism
and improving drug efficacy.
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As an extension of discussions in mechanochemistry, an overview will be given of exper-
iments where multi-component crystals may be ground with other coformers resulting in
new multi-component crystals. The specific example, as illustrated in the cartoon above,
involves the replacement of a piperidinium cation within its 1:1 salt with the anion derived
from the anti-microbial drug sulfathiazole, by a DABCO molecule which is pronated dur-
ing the replacement reaction. The pivotal role of hydrogen bonding in this process will be
highlighted.
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GHOSTS IN CRYSTAL STRUCTURES

H. Borrmann

Max Planck Institute for Chemical Physics of Solids, Dresden, Germany
e-mail: borrmann@cpfs.mpg.de

There is general agreement about strong correspondence of structure and properties for
any kind of compound or material. However, a typical crystal structure describes an ide-
alized or averaged structure while properties may strongly depend on peculiarities of the
actual real structure. For YbAIB4 and TmAIB, observed magnetic properties could not be
explained on the basis of the known crystal structures. A very detailed structure analysis
revealed additional features in Fourier difference maps which often would be considered
as noise. However, these features could be successfully refined as an additional structural
motif as it is realized in another polymorph of this type of compounds [1,2]. A similar
approach helped to understand puzzling observations for the heavy fermion superconduc-
tors CeColns and Celrins [3]. Again, small contributions from another modification are
very important though difficult to detect. The simple intermetallic compound AlzRu is a
typical representative of unconventional semiconductors but also represents a parent struc-
ture of binary Nowotny chimney ladder phases. Due to a number of reasons reconstruction
of charge densities from diffraction data turned out even more demanding than was already
expected. A 0.3 % contribution from a different stacking sequence had to be included alt-
hough not truly significant in density features.

We have started to investigate such ’ghost features’ in a more systematic way and
already detected additional examples even for most simple structures. Of course, we have
to evaluate at which level ghosts are just ghosts, but also we need to consider at which
level an interpretation in terms of polytypism is more adequate. It is important to note that
for all systems considered here, overall chemical composition is not changed. Should we
coin a new definition of purity?

[1] K. Yubuta, T. Mori, S. Okada, Y. Prots, H. Borrmann, Y. Grin, T. Shishido, Philo-
sophical Magazine, 93 (2013) 1054-1064.

[2] K. Yubuta, T. Mori, A. Leithe-Jasper, H. Borrmann, Y. Grin, S. Okada, T. Shishido, J.
Solid State Chem., 219 (2014) 274-279.

[3]S. Wirth, Y. Prots, M. Wedel, S. Ernst, S. Kirchner, Z. Fisk, J.D. Thompson, F.
Steglich, Y. Grin, J. Phys. Soc. Jpn., 83 (2014) 1-8.
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SINGLE CRYSTAL X-RAY CRYSTALLOGRAPHY IN THE
STUDY OF BIOMIMETIC
RESORCINARENE-BASED SUPRAMOLECULAR COMPLEXES

A. Visnjevac?, J. Gout?, O. Bistri-Aslanoff?, O. Reinaud?

Unstitut “Ruder Boskovi¢”, Bijenicka cesta 54, HR-10000 Zagreb, Croatia; 2Université
Paris Descartes, 45, rue des Saints Peres, 75006 Paris, France
e-mail: aleksandar.visnjevac@irb.hr

The synthesis, structural characterization, and chemical activity studies of Zn(ll), Cu(l)
and Cu(II) "bowl complexes”, based on the resorcin[4]arene scaffold with three imidaz-
ole-containing coordinating arms grafted at the large rim, will be presented. These com-
plexes are biomimetic models of a ubiquitous mononuclear metalloenzyme active site
where the cofacial triade of amino-acid residues holds the metal ion. The trisimidazole
ligand RIm3 was prepared starting from resorcinol and hexanal [1]. The complexes of
Zn(11), Cu(l) [2] and Cu(ll) were prepared by simple
reactions of RIm3 with stoichiometric amounts of cor-
responding metal salts. Spectroscopic studies and X-ray
single crystal analysis [in case of the Cu(ll) acetato
complex] revealed a 5-coordinate environment for the
Zn(I1) and Cu(ll) centres provided by three imidazole
arms, and two extra donors, one embedded inside the
resorcinarene cavity, the other in exo position. These
two labile sites are occupied by solvent molecules or
residual water, and are readily displaced by carboxylate
donors, the position of which (endo or exo) is under
tight control of the bowl-cavity. The reaction of RIm3
ligand with Zn(11) or Cu(ll) acetates led to the formation of the acetatocomplexes with the
acetate anion irreversibly embedded inside the cavity. Cu(ll) acetate complex was charac-
terized by the X-ray single crystal analysis [3]. Its molecular structure features a rigidified
resorcinarene bowl, which reveals an approximate, non-crystallographic, 4mm point sym-
metry, and can easily host small guest molecules. Three methylimidazole-containing co-
ordination arms at the large rim coordinate the Cu (Il) ion. Its coordination sphere is
completed by two O atoms from the intra-cavity bound acetate (in a bidentate fashion).
The electron donors form a distorted square pyramide, where one of the nitrogens occupies
the appical position. The acetate intracavity coordination is supported by an extensive net-
work of intramolecular C-H'-*O and C-H''& interactions. Complex crystallizes in P2:/c
space group; a = 32.3310 4) A,
b=11.5490 (1) A, ¢ =21.6020 (2) A, f=102.281 (3)°.

[1]1 A. Visnjevac, J. Gout, N. Ingert, O. Bistri, O. Reinaud, Org. Lett.,, 12 (2010)
2044-2047.

[2]J. Gout, A. Visnjevac, S. Rat, O. Bistri, N. Le Poul, Y. Le Mest, O. Reinaud,
Eur. J. Inorg. Chem., (2013) 5171-5180.

[3]J. Gout, A. Visnjevac, S. Rat, A. Parrot, A. Hessani, O. Bistri, N. Le Poul,
Y. Le Mest, O. Reinaud, Inorg. Chem., 53 (2014) 6224-623.
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CTPYKTYPHA U EJIEKTPOHCKA CBOJCTBA
4A-METUWJITUOCEMUKAPBA30HA 2-IIUPUIUHOOPMAMUIA

B. M. ®pannyckn’, C. b. Hopakopuh', I'. A. Borganosuh?, B. JI. ®panmyckn’

YUncimuinyini 3a uykneapue nayke "Bunua”, Ynusepsuitieii y Beoipagy, II. @ax 522,
beoipag, Cpouja;, ZHHcmuu_AyLH 34 MOJIeKYNIapHy IeHeuKy U IeHelu4Kko UHIICerbepCii6o,
Yuueepsuitieii y beoipagy, Bojeoge Ciuieiie 444a, beoipag, Cpouja.

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

4-merunaTuoceMukap6a3oH 2-mmpuauHpopmamuna [1] kpucTanuie ca 4eTHPH KpH-
craorpa)cK1 He3aBUCHA MOJIEKYJIa Y aCHMETPHYHO] jeAMHUIM. [ 1aBHa pa3nuka uMely
HE3aBHCHHX MOJICKYJIa JIeXKHU Y PE3TIMYUTO] POTALM]H TMPUIMHCKOT IPCTEHA Y OJHOCY Ha
anudaTHIHA GparMeHT MOJICKYa. Y KPHCTAJIHOM IAaKOBambYy, YSTUPH HE3aBHCHA MOJe-
Kyna popmupajy aumepe mosezane N—H...S nnTepaxmujama. OBU JrMepH IpeACTaBIba]y
TJIaBHU CTPYKTYypHH MOTHB M jeauHu Tiit N—H...S numMepa xoju je 3ajenqHuukH 3a cBa ye-
TUpH MoJiekyna. CTpyKTypHe pasivke u3Mel)y He3aBUCHUX MOJIeKyJia Takohje Cy UCTIHTH-
BaHE Ha EJIEKTPOHCKOM HHBOY, Ha OCHOBY IOJ]aTaka peHAreHCKe AU paKiije BUCOKE pe-
30JIyIHje.

Kpucranorpadpcku momanu: CgH1iNsS; M, = 209,29; T = 100,0(1) K;
sin /4 = 1,1 A, monoxknmuHUYHK kpuctanau cuctem; P2i/c; a = 11,0556(9),
b =32,2284(9), ¢ = 11,4416(9) A, = 97,199(1)°; V = 4044,6(5) A%, Z = 16. Kpucranna
CTPYKTYypa je pemreHa npuMeHoM nporpama SHELXS u yraumena npumeHOM mporpama
SHELXL [2]: Ry = 0,0422, wR, = 0,0708, S = 1,008 3a 681 mapamerapa u 21383 He3aBu-
cuux peduexcuja ca 1>20(1). EnekrpoHcka ctpykrypa je onpeleHa npuMeHoM XaHCeH-
KomnencoBor mynrumnon-mozena caapxador mporpamom XD [3]: R1 = 0,0244, wR; =
0,0270, S = 0,763 3a 1312 mapamerapa u 17975 uesaBucuux pediekcuja ca | >3o(1).

[1]1 D. X. West , J. K. Swearingen , J.Valdes-Martinez , S. Hernandez-Ortega, A. K. El-
Sawaf , F. van Meurs, A. Castineiras , |. Garcia , E. Bermejo, Polyhedron, 18 (1999)
2919-2929.

[2] M. Sheldrick, Acta Crystallogr., C71 (2015) 3-8.

[3] (@) N. K. Hansen, P. Coppens, Acta Crystallogr., A34 (1978) 909-921; (b) A. Volkov,
P. Macchi, L. J. Farrugia, C. Gatti, P. Mallinson, T. Richter, T. Koritsanszky, XD2006:
A Computer Program Package for Multipole Refinement, Topological Analysis of
Charge Densities and Evaluation of Intermolecular Energies from Experimental and
Theoretical Structure Factors, 2006.
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STRUCTURAL AND ELECTRONIC PROPERTIES OF
2-PYRIDINEFORMAMIDE 4-METHYLTHIOSEMICARBAZONE

B. M. Francuski?, S. B. Novakovi¢', G. A. Bogdanovié¢!, D. D. Francuski?

YWincéa Institute of Nuclear Sciences, University of Belgrade, P.O. Box 522,
11001 Belgrade, Serbia, 2Institute of Molecular Genetics and Genetic Engineering, Uni-
versity of Belgrade, Vojvode Stepe 444a, 11010 Belgrade, Serbia

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

2-pyridineformamide 4-methylthiosemicarbazone [1] crystallizes with four crystallo-
graphically independent molecules in the asymmetric unit. The main difference between
the independent molecules lies in the different rotation of the pyridine ring with respect to
the aliphatic moiety. In the crystal packing the four independent molecules form dimers
bonded by two sets of N—H...S interactions. This is the main structural motif and the only
type of N—H...S bonded dimers which is common for all four molecules. The structural
differences between the independent molecules are also examined on the electronic level
on the basis of high resolution X-ray diffraction data.

Crystallogrphic data: CgH11NsS; My = 209.29; T = 100.0(1) K; sin 9/A = 1.1 A; mon-
oclinic; space group P2i/c; a = 11.0556(9), b = 32.2284(9), ¢ = 11.4416(9) A, B =
97.199(1)°; V =4044.6(5) A3, Z = 16. Crystal structure was solved by direct methods using
SHELXS and refined using SHELXL program [2]: Ry = 0.0422, wR, = 0.0708, S = 1.008
for 681 parameters and 21383 independent reflections with 1>2¢(1). Electronic properties
were determined by Hansen-Coppens multipole model implemented in program XD [3]:
R1 =0.0244, wR, = 0.0270, S = 0.763 for 1312 parameters and 17975 independent reflec-
tions with | >35(1).

[1]1 D. X. West , J. K. Swearingen , J.Valdes-Martinez , S. Hernandez-Ortega, A. K. El-
Sawaf , F. van Meurs, A. Castineiras , |. Garcia , E. Bermejo, Polyhedron, 18 (1999)
2919-2929.

[2] G. M. Sheldrick, Acta Crystallogr., C71 (2015) 3-8.

[3] (@) N. K. Hansen, P. Coppens, Acta Crystallogr., A34 (1978) 909-921; (b) A. Volkov,
P. Macchi, L. J. Farrugia, C. Gatti, P. Mallinson, T. Richter, T. Koritsanszky, XD2006:
A Computer Program Package for Multipole Refinement, Topological Analysis of
Charge Densities and Evaluation of Intermolecular Energies from Experimental and
Theoretical Structure Factors, 2006.
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SINTEZE | STRUKTURE KOMPLEKSA Cu(ll) SA
BIS(S-METILIZOTIOSEMIKARBAZONOM)
2,6-DIACETILPIRIDINA

M. V. Rodié, V. M. Leovac, Lj. S. Vojinovi¢-Jesi¢

Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg D. Obradovi¢a 3, 21000
Novi Sad
e-mail: marko.rodic@dh.uns.ac.rs

Reakcijom bis(S-metilizotiosemikarbazona) 2,6-diacetilpiridina(H.L) sa
CuCl,-2H0 i CuBr, u acetonitrilnim rastvorima, dobijeni su kompleksi [Cu(H.L)Cl] (1)
i [Cu(H2L)Br2] (2), respektivno.

Asimetri¢ne jedinice kompleksa 1 1 2 sadrze po dva kristalografski nezavisna mole-
kula [Cu(H,L)X>] koji se po strukturnim parametrima delimi¢no razlikuju. Interesantno je
da su u slucaju kompleksa 2, dva molekula iz asimetri¢ne jedinice priblizno povezana
nekristalografskom osom simetrije drugog reda. U oba kompleksa se centralni atom bakra
nalazi u deformisanom kvadratno-piramidalnom okruzenju koje ¢ine tridentatno koordi-
novani H>L i dva halogenidna jona. Treba reci da je kvadratna piramida znatno aksijalno
izduzena pa se koordinaciono okruzenje bakra moze opisati kao 4+1, pogotovo u sluc¢aju
kompleksa 2. Piridinski atom azota N1 gradi najkrace metal-ligand veze u svimmoleku-
lima (1,912(4)-1,927(2) A).

Koordinovani H,L egzistira u amino-formi, koja je karakteristicna za nekoordino-
vane izotiosemikarbazidne ligande. O tome svedoc¢e i duzine C3—N3 i C1-N2 veza koje
odgovaraju lokalizovanim dvostrukim C—N vezama, dok duzine C1-N4 i N2-N3 veza
odgovaraju duzinama jednostrukih veza izmedu sp? hibridizovanih atoma ugljenika i a-
zota.

[Cu(H.L)CI] (1) [Cu(H.L)Br2] (2)

Odabrani kristalografski podaci i parametri uta¢njavanja:

1: CisH1oCl,CuN;S;, P2i/n, a=9,4055(2), b=20,0287(3), c=20,8309(3) A,
B =97,8930(10)°, V = 3886,95(12) A3, Z=8, R =4,75 %, S = 1.121, za 502 parametara i
9514 refleksija.

2. Ci3H19BroCuNsS,;, C2/c, a=23,0608(11), b=20,4796(6), c=19,0678(7) A,
B=114,115(5)°, V =8219,3(6) A%, Z=16, R =4,37 %, S= 1,082, za 456 parametara i
14533 refleksija. Struktura je uta¢njavana kao pseudo-meroedralni blizanac, zakon bliz-

njenja: 101/010/00 1, udeo sekundarne komponente: 0,1506(6).
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SYNTHESES AND STRUCTURES OF Cu(ll) COMPLEXES WITH
2,6-DIACETYLPYRIDINE
BIS(S-METHYLISOTHIOSEMICARBAZONE)

Marko V. Rodié, Vukadin M. Leovac, Ljiljana S. Vojinovic-Jesi¢

Faculty of Sciences, University of Novi Sad, Trg D. Obradovié¢a 3, 21000 Novi Sad, Srbija
e-mail: marko.rodic@dh.uns.ac.rs

The reaction of acetonitrile solutions of 2,6-diacetylpyridine bis(S-methylisothiosemi-
carbazone) (H.L) with CuCl,-2H,0 and CuBr; yielded the complexes [Cu(H.L)Cl] (1)
and [Cu(HzL)Br:] (2), respectively.

Asymmetric units of the complexes 1 and 2 contain two crystallographically inde-
pendent molecules, which show some distinct structural features. It is interesting to note
that in case of 2, the two independent molecules are approximately related by non-
crystallographic two-fold rotation axis. In both complexes the central copper atom is situ-
ated in a deformed square pyramidal environment, composed of tridentately coordinated
H.L and two halide ions. The coordination polyhedrons are significantly elongated, so that
environments around copper can be described as 4+1 coordination, especially in the case
of 2. Pyridine nitrogen atom N1 forms the shortest metal-ligand bonds in all molecules
(1.912(4)-1.927(2) A).

The coordinated H,L exists in amino-form, which is characteristic for uncoordinated
isothiosemicarbazones. This form of the ligand is supported by lengths of C3—N3 and C1—
N2 bonds which correspond to localized double bonds, while lengths of C1-N4 and N2—
N3 bonds match those classified as single between sp? hybridized C and N atoms.

[Cu(H.L)CI] (1) [Cu(H.L)Br2] (2)

Selected crystallographic data and refinement details:

1: Ci3H1oClL,CuN;S;, P2i/n, a=9.4055(2), b=20.0287(3), c=20.8309(3) A,
B =97.8930(10)°, V = 3886.95(12) A%, Z =8, R =4,75 %, S = 1.121, for 502 parameters
and 9514 reflections.

2. Ci3H19BroCuNsS,;, C2/c, a=23.0608(11), b=20.4796(6), c=19.0678(7) A,
B=114.115(5)°, V = 8219.3(6) A3, Z = 16,R = 4,37 %, S = 1.082, for 456 parameters and
14533 reflections. Refined as pseudo-merohedral twin, twin law: 101/010/00 1, minor
domain fraction: 0.1506(6).

23" Conference of the Serbian Crystallographic Society



14 Yemena caoniwitiersa

PROUCAVANJE MAGNETSKIH SVOJSTAVA KVATERNARNIH
TELURATA PEROVSKITNE KRISTALNE STRUKTURE
SINTETIZIRANIH MODIFICIRANOM SOL-GEL METODOM

I. Djerdj!, B. Markovié¢!, J. Popovié?, T. Weller3, Z. Jagli¢ié¢*S, Z. Skoko®, D. Pajic®,
C. Suchomskis, P. Voepel?, R. Marschall®, B. M. Smarsly®

!Department of Chemistry, J. J. Strossmayer University of Osijek, Ulica cara Hadrijana
8/a, HR-31000 Osijek, Croatia; 2Ruder Boskovié Institute, Bijenicka 54, 10000 Zagreb,
Croatia; SInstitute of Physical Chemistry, Justus-Liebig-University Giessen, Heinrich-
Buff-Ring 17, 35392 Giessen, Germany; “Institute of Mathematics, Physics and Mechan-
ics, Jadranska 19, 1000 Ljubljana, Slovenia; Faculty of Civil and Geodetic Engineering,
University of Ljubljana, Jamova 2, 1000 Ljubljana, Slovenia; éDepartment of Physics,
Faculty of Science, University of Zagreb, Bijenicka 32, 10000 Zagreb, Croatia

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

Visoko kristalini¢ni SrFezsTey30s, BasFe,TeOg i BaNiTeOs sintetizirani su pomocu
posebno razvijene vodene sol-gel metode koja je znatno vremenski kraca u usporedbi s
poznatom metodom sinteze ovih materijala reakcijom u ¢vrstom stanju te rezultira viso-
kim prinosom do 75%. Ovi materijali su ispitivani pomoc¢u rendgenske difrakcije na prahu
(XRPD), pretrazne i transmisijske elektronske mikroskopije, Ramanske spektroskopije, te
su uc¢injena dielektri¢na i magnetska mjerenja. Na sobnoj temperaturi, kristalna struktura
SrFeysTews0s je kubicna, identificirana prostorna grupa je Pm-3m, a=3.9373 (2) A, dok
BasFe,TeOy kristalizira u heksagonalnom kristalnom sustavu u prostornoj grupi P6s/mmc,
a=5.7691(4) Aic=14.208(1) A. Treéi proucavani perovskit BazNiTeOg Kristalizira u
trigonskoj R-3m prostornoj grupi s a=5.7974(4) A i c=28.599(2) A. Na temelju rezultata
strukturne karakterizacije, sintetizirani perovskitni kristali su gotovo u nanometarskom
rezimu, s veli¢inama kristalnih zrna u rasponu od 45 do 164 nm, koji izgraduju vece mik-
rometarske Cestice facetirane heksagonske morfologije. Magnetska mjerenja pokazuju u-
spostavu ferimagnetskog uredenja na relativno visokoj temperaturi od 667 K za
SrFeysTey30s, dok BasFe,TeOg i BaaNiTeOs pokazuju antiferomagnetsko uredenje ispod
801 8.6 K, respektivno. Izmjerene vrijednosti dielektri¢ne konstante na sobnoj temperaturi
su u rasponu izmedu 151 77.

[1] I. Djerdj et al., Cryst. Growth Des. (2016) DOI: 10.1021/acs.cgd.5b01558.
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AQUEOQOUS SOL-GEL ROUTE TOWARD SELECTED
QUATERNARY METAL OXIDES WITH SINGLE AND DOUBLE
PEROVSKITE-TYPE STRUCTURE CONTAINING TELLURIUM

I. Djerdj!, B. Markovié¢!, J. Popovié?, T. Weller3, Z. Jagli¢ié¢*S, Z. Skoko®, D. Pajic®,
C. Suchomskis, P. Voepel?, R. Marschall®, B. M. Smarsly®

!Department of Chemistry, J. J. Strossmayer University of Osijek, Ulica cara Hadrijana
8/a, HR-31000 Osijek, Croatia; 2Ruder Boskovié Institute, Bijenicka 54, 10000 Zagreb,
Croatia; SInstitute of Physical Chemistry, Justus-Liebig-University Giessen, Heinrich-
Buff-Ring 17, 35392 Giessen, Germany; “Institute of Mathematics, Physics and
Mechanics, Jadranska 19, 1000 Ljubljana, Slovenia; SFaculty of Civil and Geodetic En-
gineering, University of Ljubljana, Jamova 2, 1000 Ljubljana, Slovenia; ®Department of
Physics, Faculty of Science, University of Zagreb, Bijenicka 32, 10000 Zagreb,
Croatia

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

Highly crystalline SrFez3Te1303, BasFe;TeOg and Ba:NiTeOg have been synthesized by
using a specially developed sol-gel route methodology, reducing the time needed using
solid-state routes and resulting in high reaction yield up to 75 %. These materials have
been studied by X-ray powder diffraction (XRPD), scanning and transmission electron
microscopy, Raman spectroscopy, dielectric and magnetic measurements. At room tem-
perature, the crystal structure of SrFez;sTe1303 is cubic, space group Pm-3m, with a =
3.9373(2) A, whereas BasFe,TeOy crystallizes in the hexagonal crystal system, space
group P6s/mmc, a = 5.7691(4) A and ¢ = 14.208(1) A. The third studied perovskite
Ba:NiTeOs crystallizes in trigonal R-3m space group with a = 5.7974(4) A and ¢ =
28.599(2) A. Based on structural characterization results, the obtained single and double
perovskite crystallites are nearly in nanometer regime, ranging from 45 to 164 nm, build-
ing micrometer sized particles with visible well-faceted hexagonal morphology. Magnetic
measurements show the onset of ferrimagnetic ordering at relatively high temperature of
667 K for the SrFezsTe1s03, whereas BasFe;TeOgy and BaNiTeOs show antiferromag-
netic ordering below 80 and 8.6 K, respectively. The measured room temperature dielec-
tric constants are in the range between 15 and 77. [1]

[1] I. Djerdj et al., Cryst. Growth Des. (2016) DOI: 10.1021/acs.cgd.5b01558.
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YTHUAJ IPEAJUCTOPUJE PACTBOPA HA PACT KPUCTAJIA
HATPUJYM XUIOPATA

b. Paguma, b. Mucannosuh, M. Murtposuh, A. Kekuh

Yuueepsuitieini y beoipagy - @uszuuku paxynivein, Ciiygeniicku wpi 12, 11000 Beoipag,
Cpbuja
e-mail: biljana.radisa@ff.bg.ac.rs

3aBucHOCT Op3uHE pacTta Kpucraia R oj penatuBHOTr npeculieka pacTBOpa 6 U Mexa-
HU3aMa pacTa, OMHUCYje Ce Pa3IMIUTHM TEOPUjCKUM WM EMIUPHjCKAM jeqHadnHaMa [1]
MPUKa3aHUM Yy Tabelu KOoja CIIC/IH.

Tabemna. 3aBucHOCT Op3KHE pacTa KpUCTaja Ol pelaTHBHOT npeculieha pacTBopa

L] R=haco2 expl-acy /ir o I
Oc
2 R:hBo-s/Gexp(—AGS/3kT) 6| R=Ko"
3 2 7 2
R:Q*U_tanh(ﬂj o” _1we 1 _+ Lo _
oc o R KT mhQNgs  mhQNgj
4 R=C*c 8 R=a+bo

VY nnby npoydaBarba MEXaHH3Ma pacTa KpUcTaia HaTPHjyM Xjopara ypaleHa cy nBa
TUIIa eKcriepuMeHaTa y omcery npecuhema 0.44-1.32%. ¥V oba Tuma excriepuMeHaTa
Temmeparypa 3acuhema je usnocmwna Ts=31°C, a Temmeparype pacrta cy MembaHe y Kopa-
uma ox 0.5°C, Ha nBa HauuHa: o 28-30°C u y oOpHyTOM cMepy. KBamuter ¢uta 3aBu-
croctu R(c) mpouemen je »2- Tectom. [TokasaHo je na HajMamu »° naje jeqnaunna (6)
U []a BpEJHOCT N 3aBHCHU O HCTOpHje pacrta [2] (cMepa npomeHe o). [Ipu cMmamemy npe-
cuhema N je 1.89, a mpu nosehamwy 1.37. 3aBuchoct 6p3une pacta {100} mipocHu Kpu-
cTaJjla HaTpHUjyM XJiopara o npecuhica, pruKasaHa je Ha ciaunu 1.
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Cunuka 1. 3aBucHoct 6p3une pacra {100} nybocHE KpHCTalla HATPHUjYM XJIOpaTa OJf IPECH-
hema, y city4ajy kana npeculieme: a) omana, 6) pacre.

[1] P. Bennema, Phys. Status Solidi, 17 (1966) 563.
[2] P. Pantaraks, A. E. Flood, Cryst. Growth Des., 5 (2005) 365.
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THE EFFECT OF SOLUTION HISTORY ON SODIUM CHLO-
RATE CRYSTALS GROWTH RATE

B. Radia, B. Misailovi¢, M. Mitrovié¢, A. Zeki¢
University of Belgrade — Faculty of Physics, Studentski trg 12, 11000, Belgrade, Serbia
e-mail: biljana.radisa@ff.bg.ac.rs

Dependence of crystal growth rate on supersaturation according to different growth mech-
anisms is described by many theorethical and empirical equations [1] presented in follow-
ing Table.

Table. Dependence of crystal growth rate on supersaturation

L] R=-haco¥2expl-acy T ) R
Oc
2 | R=hBo%S expl-acy fakT 6| R=ko"
3 R:C*“—ztanh[ﬁj "lo? 150 1 20
o¢ o R KT mhONgs  mhONgs
4| R=C*s 8 | R=a+bo

In order to investigate (R, o ) dependence, two types of experiment were performed for
supersaturation, in range of 0.44-1.32%. In both types of experiments the saturation tem-
perature, Ts, was 31°C and the growth temperature T was changed in steps of 0.5°C, from

28-30 °C and reverse. The goodness of this dependence fit is described by 2 - test. Our

results show that 72 takes the smallest value for equation (6) and that parameter n differs

depending on growth rate history [2]. The value of n for equation (6) in experiments when
supersaturation decreases is 1.89, and when supersaturation increases is 1.37. Dependence
of {100} face growth rate vs. supersaturation is shown in Fig.1.
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Fig. 1. Dependence of {100} face growth rate vs. supersaturation when supersaturation: a) decrea-
ses, and b) increases

[1] P. Bennema, Phys. Status Solidi, 17 (1966) 563.

[2] P. Pantaraks, A. E. Flood, Cryst. Growth Des., 5 (2005) 365.
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AHM3OTPOITHO IIMPEBE PEHITEHCKUX JADPAKIIMOHAX
MAKCUMYMA MEITABUHE HAHOIITAIIUHhA U HAHOC®EPA
CACTABA FesxYxO4 (X=0,00; 0,05; 0,10)

A. Kpemenosuh', M. B. Illapiosuh?, B. Autuh®

Pygapcko-ieonowxu  paxynitieii, — Ynueepsuiiewi. 'y bBeoipagy, Bywuna 7,
11000 Beoipag, Cpbuja; *Bucoka icenesnuuka wKona Cillpykosnux ciiyguja, 3gpasxa
Yenapa 14, 11000 Beoipag, Cpbuja; *MHH Bunua, Yuueepsuitieii y beoipagy, I1IT 522,
11001 Beoipag, Cpouja;

e-mail: aleksandar.kremenovic@rgf.bg.ac.rs

[puKyIUbeHN peHATreHCKH MU(MPAKIMOHH MOJAM KOpHIINEHH Cy 3a yTaymaBambe
CTPYKTYPHUX M MHUKPOCTPYKTYPHHX IapaMeTapa (BeIMYMHa KPUCTAIUTA 1 MUKPOHAIIPe-
3ame) n3adpaHUX y30paka KOjH ce cacToje M3 MeIIaBWHE HaHomTamuha u HaHOCc]epa
cacraBa FesxYxOs (x=0,00; 0,05; 0,10). Kopumuihen je xommjyrepcku nporpama Fullprof
[1] xoju omoryhaBa CUMYNTaHO yTaumhaBambe CTPYKTYPHUX U MHKPOCTPYKTYPHUX Hapa-
Mmetapa. [lapamerpu Bennuune kpuctanurta Koo, Ka1, Ke1, Ks1, ka0 1 mapametpu Hampe-
3ama Sa0, S200, Ly CHMYJITAHO Cy yTaumhaBaHU JI0 KOHBEPICHIIH]C.
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Cnuxa la-f. [Ipojeximja Tena Koje mpeacTaBiba MIUpere TUPPAKIIHOHIX JIHH]a MO 1] CTBOM CPEIIHE BPEIHOCTH
JIMMEH3Hje KPUCTAIIMTA U CPE/IEbe BPEHOCTH Cpe/Iiber KBajparHor Hanpesama y paBHu (001) 3a Fes YO au
d 3a x=0,00, b u e 3a x=0,05, ¢ u f 3a x=0,10.

PesynraTu nokasyjy aa goxarak Y3* y3pokyje nosehame cpeme BpeqJHOCTH CPEIHEr
KBAJIPATHOT HAMpPE3ama M CPE/IEbe BPEAHOCTH TUMEH3Uje KPUCTAINTA Yy CBUM TIPABIMMA.
Hajseha aumensuja kpucranura (yepeamene Bpeanoctn) je myx [110] 3a ce cacrase. Ca
nosehameM caapxkaja Y3* kpucramuru cy 2-3 nyTa myxu y npasiy [110] sero y mpas-
muma [100] u [111]. 3a FesO4 HajBehe Hanpesame je ayx npasua [100] a Hajmame myx
npasna [111]. Ca nosehamem canpxkaja Y3 cMamyje ce pasivka Hanpesama 1yxK pasiu-
YUTHUX TIpaBalia u rnocraje 6e3nauvajua 3a Fez90Y0,100a.

[1] J. Rodriguez-Carvajal, Physica B, 192 (1993) 55-69.
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ANISOTROPIC BROADENING OF X-RAY DIFFRACTION MAXIMA
FOR FesxYxO4 (X=0.00, 0.05, 0.10) NANORODS AND
NANOSPHERES MIXTURE

A. Kremenovié¢!, M. B. Pavlovié?, B. Antié®

Faculty of Mining and Geology, University of Belgrade, Pusina 7, 11000 Belgrade,
Serbia; 2Railway College of Applied Sciences in Belgrade, Zdravka Celara 14, 11000
Belgrade, Serbia; 3The “Vinca” Institute of Nuclear Sciences, University of Belgrade,
POB 522, 11001 Belgrade, Serbia

e-mail: aleksandar.kremenovic@rgf.bg.ac.rs

The collected XRPD data were used to refine structural and microstructural parameters
(crystallite size and microstrain) of selected samples composed from Fes.YxOa4 (x=0.00,
0.05, 0.10) nanorods and nanospheres mixture. The refinement was performed with the
program Fullprof [1], which enables to refine simultaneously both, the structural and mic-
rostructural parameters. Size parameters Koo, Ka1, Ke1, Kg1, as well as strain parameters
Sa00, S200, L Were refined simultaneously till convergence was reached.
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Fig. 1a-f. Projectrion of bodies that represent diffraction line broadening due to average apparent crystallite size
and average apparent root mean square strain in the (001) plane for Fe;Y«O4: a and d for x=0.00, b and e for
x=0.05, ¢ and f for x=0.10.

Results show that addition of Y3* provokes increase of apparent mixing strain and
crystallite size values in all directions. Largest average apparent crystallite size is down
[110] for all compositions. With Y3 concentration increase average apparent crystallite
size down [110] is 2-3 times larger than down [100] and [111] directions. For FesO4 largest
average mixing strain is down [100] direction and lowest down [111] direction. With Y3*
concentration increase difference in average mixing strain down different directions decre-
ases and is negligible for Fe2.90Y0.1004.

[1] J. Rodriguez-Carvajal, Physica B, 192 (1993) 55-69.
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ITAPAJIEJIHE HHTEPAKIIMJE KOOPANHOBAHUX
HOUKJIONIEHTAJJMUEHUJIHUX AHJOHA

. I1. Manenos, A. J. Ananuh, B. b. Megakosuh, C. /I. 3apuh

Xemujcxu ¢paxynitiein Ynugepsuieiia y Beoipagy, Ciiygeniticku wipl 12-16, Beoipag,
Cpouja
e-mail: malenov@chem.bg.ac.rs

[MTapanenHe WHTEpaKIMje apOMaTHYHUX MPCTEHOBA Cy BeoMa

Ba)KHE MHTEPAKLHjE 3a Pa3IniuTe MOJIeKylcke cucteme [1]. Oe

=& = MHTEPAKIIHje C& MOTY IIOACINTH Ha 100pO MO3HATE CTEKUHT HHTe-

pakIuje, Koje KapaKTepHIy Majla XOpU30HTAIHA TIoMepama [2], u

MHTEPAKIMje Ha BEIUKHIM XOPH30HTAIHUM [IOMEpamnuMa, Ha Y-

™7/ ~  JeM ce HCIMTHBamy WHTCH3MBHO PaIy NOCICIBUX roauHa [3, 4].

/V Kpucranue crpykrype n3 KemOpuuke 6aze CTpyKTypHHX HO-

Jlataka IpeTpaKMBaHe Cy pajy MpoHallaKemha NapajeHUX HHTe-

paxuuja u3mMel)y 1°-KoOpAMHOBAHKX IUKJIONEHTAIMEHIIHNX aHjoHa. YTBpheHo je aa aBa

NPCTEHA MHTEParyjy YKOJIMKO HBUXOBH IIEHTPH yiia3e y 00JIacT eUICconaa OIUCAHOT HOP-
MaJHUM pacTojambeM R o1 4,0 A u xopusontanmauM nomepamem r oa 7,5 A.

[Iponaheno je na ce 71% unTepakuja GopMHUpa Ha BENUKAM XOPH30HTATHUM HOME-
pamuma (r > 4,0 A), mro je BuuIe Hero 3a MapasesiHe HHTEPaKIHje KOOPAMHOBAHUX MO-
nekyna 6enseHa (57%) [4]. Mehytum, 3anaeHa je KBATUTATHBHO CIMYHA pacrojielia Kao
KOJl MapaJieTHUX HWHTEpaKluja KOOPAWHOBAaHMX MOJIEKyJa OCH3€Ha, Te Cy IapajeiHe
MHTEPAKIHje Ha BEJIMKNM XOPH30HTAIHUM ITOMEpambuMa 3acTyIIJbeHH]e KO CeHIBIY -je-
mumema (81%) Hero KoJ mMoyceHOBUY-jenumema (66%). OBe pacmofene 3aBUCE OX
Opoja 1 mpupoie MpeocTalux JuraHana, rpalema CynpamMoNeKyICKiX CTPYKTypa 1 eHep-
r'ja HHTEPAKIIHja.
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[1] L. M. Salonen, M. Ellermann, F. Diederich, Angew. Chem. Int. Ed, 50 (2011) 4808-
4842.

[2] E. C. Lee, D. Kim, P. Jurecka, P. Tarakeshwar, P. Hobza, K. S. Kim, J. Phys. Chem.
A, 111, (2007) 3446-3457.

[3]1 D. B. Ninkovi¢, G. V. Janji¢, D. Z. Veljkovi¢, D. N. Sredojevi¢, S. D. Zari¢,
ChemPhysChem, 12 (2011) 3511-3514.

[4] D. P. Malenov, J. Lj. Dragelj, G. V. Janji¢, S. D. Zari¢, Cryst. Growth Des., in press
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PARALLEL INTERACTIONS OF COORDINATING
CYCLOPENTADIENYL ANIONS

D. P. Malenov, A. J. Aladi¢, V. B. Medakovié, S. D. Zari¢
Department of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade, Serbia

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

Parallel interactions of aromatic rings are very important for dif-

ferent molecular systems [1]. These interactions can be divided

/ ; into well-known stacking interactions, which are characterized

T with small horizontal displacements [2], and interactions at large

Ri * , horizontal displacements, which are being studied in detail for the
",""f«“ — past several years [3, 4].

’W_ Crystal structures from Cambridge Structural Database were

searched in order to find parallel interactions between n°-

coordinating cyclopentadienyl anions. It was determined that two rings interact if their
centers are within the ellipsoid described by normal distance R of 4.0 A and horizontal
displacement of 7.5 A.

It was found that 71% of interactions are formed at large horizontal displacements
(r > 4,0 A), which is more than in the case of parallel interactions of coordinating benzene
molecules (57%) [4]. However, the qualitative distribution is similar to these interactions,
since parallel interactions at large horizontal displacements are more frequent for sand-
wich (81%) than for half-sandwich compounds (66%). These distributions are dependent
on the number and nature of remaining ligands, formation of supramolecular structures
and interaction energies.
W HALF-SANDWICHES O SANDWICHES
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[1] L. M. Salonen, M. Ellermann, F. Diederich, Angew. Chem. Int. Ed, 50 (2011) 4808-
4842.

[2] E. C. Lee, D. Kim, P. Jurecka, P. Tarakeshwar, P. Hobza, K. S. Kim, J. Phys. Chem.
A, 111, (2007) 3446-3457.

[3]1D. B. Ninkovi¢, G. V. Janji¢, D. Z. Veljkovi¢, D. N. Sredojevié, S. D. Zari¢,
ChemPhysChem, 12 (2011) 3511-3514.

[4] D. P. Malenov, J. Lj. Dragelj, G. V. Janji¢, S. D. Zari¢, Cryst. Growth Des., in press
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STRUKTURNA ANALIZA KATALITICKI AKTIVNIH
METAL-ORGANSKIH MREZNIH STRUKTURA NA BAZI
LANTANOIDA

S. Tanase!, F. Cimpoesu?, M. Ferbinteanu®

van't Hoff Institute for Molecular Sciences, University of Amsterdam, Science Park 904,
1098 XH Amsterdam, The Netherlands; 2Institute of Physical Chemistry;Splaiul Inde-
pendentei 202, Bucharest, Romania; 2University of Bucharest, Faculty of Chemistry, In-
organic Chemistry Department, Dumbrava Rosie 23, Bucharest 020462, Romania
e-mail: marilena.cimpoesu@g.unibuc.ro

Metal-organske mreZne strukture (MOMS) su trodimenzionalne porozne structure
koje se sastoje iz jona metala povezanih organskim molekulima. Upotreba MOMS je bro-
jna, a njihove osobine podesive. Zahvaljujuci porama, MOMS mogu biti molekulska sita,
rezervoari ili ¢ak mali hemijski reaktori [1]. Sinteza MOMS sa katalitickom aktivno$éu
postala je izazov zbog €injenice da nije dovoljno prisustvo aktivnog metala u poroznoj
mrezi. U cilju dizajniranja samoodrzivih katalizatora, potrebno je razviti MOMS sa jonima
metala koji poseduju slobodna koordinaciona mesta. Jedna od ideja je da se koriste joni
metala sa uve¢anom koordinacionom sferom, kao npr. joni lantanoida. Ovi joni imaju ve-
lik koordinacioni broj i mogu biti smesteni u okruzenjima razli¢ite geometrije, ali je tesko
sintetisati porozne ¢vrste supstance tipa Ln-MOMS. ReSenje moze biti koris¢enje us-
merenih i rigidnih liganada, kao §to su aromati¢ni ligandi sa kabroksilatnim grupama koje
pogoduju oksofilnoj prirodi lantanodnih jona. Na ovaj nacin, izolovana je serija MOMS
(slika 1) izgradenih od jona lantanoida (npr. [La(pzdc)is(H20)2]-2H20) [2] ili zemnoal-
kalnih metala (npr. [Ca(pzdc)(H20),]-H-0) i pirazin-2,5-dikarboksilatnih (pzdc) jona.
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Slika 1. (a) Simulirani rezultati tranzijentnog proboja za ulaznu gasnu smesu sastava 5%
vode i 95% metanola. Ukupan pritisak od 100 kPa. Inset: pakovanje pokazuje pore MOMS
[La(pzdc)15(H20)2]-2H20. (b) Nadini koordinacije liganda i tetranuklearne jedinice.

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

[2] R. Plessius, R. Kromhout, A.L.D. Ramos, M. Ferbinteanu, M.C. Mittelmeijer-Ha-
zeleger, R. Krishna, G. Rothenberg, S. Tanase, Chem. Eur. J., 20 (2014) 7922-7925.
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STRUCTURAL ANALYSIS OF LANTHANIDE-BASED METAL
ORGANIC FRAMEWORKS WITH CATALYTIC ACTIVITY
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1098 XH Amsterdam, The Netherlands; 2Institute of Physical Chemistry;Splaiul Inde-
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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] MOF with catalytic activity became a challenge because is not
enough to include active metals in the porous network. In order to design self-supported
catalysts, MOFs with accessible coordination sites at the metal center must be developed.
One idea is to use metal ions with enlarged coordination sphere, such as lantanides. Lan-
thanide 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
(Fig. 1) built from lanthanide (e.g. [La(pzdc)is(H20)2]-2H20) [2] or alkaline-earth
(e.g. [Ca(pzdc)(H20)2]-H20) and pyrazine-2,5-dicarboxylate (pzdc) ions.
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Fig. 1. (a) Transient breakthrough simulation results for a feed vapor mixture
containing 5% water and 95% methanol. The total pressure is 100 kPa. Inset: the packing
showing the pores of the MOF [La(pzdc)15(H20)2]-2H-0. (b) Details of the coordination
modes of the ligand and the tetranuclear building-units.

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

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.
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MAIIE EJIEKTPOCTATHYKUX IIOTEHIIUJAJIA U UHTEPMO\IE-
KYJICKE HHTEPAKHMUJE ¥ KPUCTAJIHUM CTPYKTYPAMA
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C. JI. 3apuh?

Unosayuonu yeuitiap Xemujcxoi gpaxynitieinia, Citiygeniticku wwpi 12-16, 11000 Beoipag, Cpbuja;
2Xemujcxu paxynivieis, Yuueepsuitieiia y beoipagy, Citygeniticku wupi 12-16, 11000 Beoipag,
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Marie eJIeKTpOCTaTUYKUX MOTEHIHjaIa Cy Y KOPEalHjH ca PacloIesIoM eIeKTPOHCKE
ryctuHe y Mojiekyiuma [1]. ExexkTpocTaTHuky MOTEHIIN]al IPEACTAaBIba PEaTHO (PU3HIKO
CBOjCTBO, 00cepBaldity, K0jy je Moryhe ofpeIuTH eKCIEPUMEHTAITHO TU(PPAKIHOHUM Me-
Togama [2] ka0 U pauyHapCKHM MeTofama. 3HaK eNeKTPOCTaTHIKOr noreHnujana V(r) y
OMJIO KOM PETHOHY 3aBHCH O]l TOTA JIa JIU j€ IOMHHAHTAH yTHIA] IO3UTUBHOT HACICKTPH-
cama jesrapa WiId HeraTHBAHOT HaeJeKTpHCama eJIeKTPoHa. EJIeKTpOCTaTHIKU TOTeHITH-
jaJu ce MOTY KOPUCTHTH 3a 00jalImhene U MpeIBuhame Mel)yMOIeKyICKUX HHTepaKIInja.
HajmosutuBHUje BpemHOCTH, Vsmax, 1 HajHETATUBHUjE BPEOHOCTH, Vs min, Hd TIOBPIINHH
SNIEKTPOCTATHYKOT MOTEHIIHjalla MOTY C€ JIOBECTH y KOpEJalyjy ca H3pauyHaTUM CHEepri-
jama mehymonekynckux uHTepakiigja. [lokazaHo je aa cy BpeIHOCTH €ICKTPOCTATHYKOT
notenipjana (Vsmax) Y KOpenaliju ca HM3pauyyHaTUM €HeprujaMa BOJOHMYHHUX Be3a
n3Mel)y KOOPIUHOBAHUX M HEKOOPJAMHOBAHUX MOJIEKyJIa Boje [3].

Y oBOM pajy KEJIUMO J1a UCTAKHEMO KOPEJIAIH]y HAjTIO3UTUBHH]jE, Vsmax, U HajHETa-
TUBHHUH]E, Vs min, BDEJHOCTH Ha MOBPIINHU €IEKTPOCTATUYKOT MOTEHIIMjalia ca Iy)KHHaMa
BOJIOHMYHHX Be3a Yy KPUCTAJIHUM CTpyKTypama. [IoBpIInHE eJIeKTPOCTATHYKOT MTOTEHIIN-
jana u3padyHaTe Cy 3a ONTHMH30BaHE reOMETPHje HEKOOPAMHOBAHUX MOJIEKYyJia BOJC H
HEKOJIMKO OKTaelapCKUX M TeTpacaapckux akBa komiuiekca Zn(ll); 3a MoHomepe mpe
(bopMupama BOZOHUYHE Be3e. 3a pauyHambe eIeKTPOCTATHYKUX MOTeHIHjasia KopHIheHa
je B3PW91/3-21G* wmeroma, Ha mnoBpimiuHH Koja je apedunucana ca 0,001 au
(enexTpon/60p®) enexTpoHCKe TYCTUHE.

VY mwby nobujama mogatraka U3 OAroBapajylinx KpUCTaJHUX CTPYKTypa TeTpaenap-
CKHUX U OKTaeAapCKUX KOMIIEKCa MeTalla ca BOJOHHUYHOM Be30M n3Mel)y KoopIMHOBaHUX
MoOJIeKyJia BOJIe U HEKOOPAMHOBaHUX MoOJeKyJia Boxe, ypaheHa je nperpara KemOpuuke
6ase crpykrypaux nomaraka (CSD). Takole je ypahena mperpara CSD paau mponana-
JKEHa KPUCTAIHUX CTPYKTypa ca BOJIOHHYHHMM Be3ama n3Mel)y HeKoOpIIMHOBaHUX MoJie-
KyJia BOJIE.

BpenHocTu u3padyHaTHX €IEeKTPOCTATUYKUX MOTEHIMjalla Cy Y KOpenaluju ca noja-
MMa 3a BOJOHHYHE Be3e JOOHMjEHUM aHAIM30M KPHCTAJIHUX CTPYKTypa. Hamme, pesyi-
TaTH IPOpadyHa Cy MOKa3aJli IIOPacT BPEIAHOCTH Vs max OYEB 0J1 HEKOOPJMHOBAHUX MO-
JIeKyJ1a BOJe, IPEKO KOOPIMHOBAHUX MOJIEKYJa BOJC y OKTaeJApCKUM KOMILIEKCHMA JI0
KOOPJMHOBAaHHUX MOJIEKYJIa BOJE Y TeTpaelapCKUM KOMIUIEKCHMA, JIOK Cy IOJalH J00u-
jEHH aHAINU30M KPUCTAITHUX CTPYKTYpa MOKa3ajIH ONaJialkbe PacTojama UH.o y HCTOM HHU3Y.

[1] P. Politzer, D. G. Truhlar (Eds.) Chemical Applications of Atomic and Molecular Electrostatic
Potentials, Plenum Press, New York, 1981., F. A. Bulat, A. Toro-Labbé, T. Brinck, J. S. Murray,
P. Politzer, J. Mol. Model., 16 (2010) 1679-1693.

[2] R. F. Stewart, Chem. Phys. Lett., 65 (1979) 335-342.

[3] J. M. Andri¢, M. Z. Misini-Ignjatovié, J. S. Murray, P. Politzer, S. D. Zari¢, ChemPhysChem,
DOI:10.1002/cphc.201501200.
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MAPS OF ELECTROSTATIC POTENTIALS AND INTERMOLECU-
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Maps of electrostatic potentials are correlated with the distribution of the electron densities
in molecules [1]. The electrostatic potential is a real physical property, an observable,
which can be obtained experimentally by diffraction methods [2] as well as computatio-
nally. The sign of V(r) in any region is determined by whether the positive effect of the
nuclei or the negative one of the electrons is dominant there. The electrostatic potentials
can be used to explain and predict intermolecular interactions. The most positive, Vs max,
and the most negative, Vs min, Values on the electrostatic potential surface can be correlated
with the calculated energy of the intermoleular interactions. It was shown that values of
electrostatic potential (Vsmax) correlates with the hydrogen bond energies calculated
between coordinated and noncoordinated water molecules [3].

In this work we want to point out correlation of the most positive, Vs max, and the most
negative, Vsmin, Values on the electrostatic potential surface with the hydrogen bond
distances observed in crystal structures. The electrostatic potential surfaces were calcula-
ted for optimized geometries of non-coordinated water molecule and several octahedral
and tetrahedral aqua Zn(11) complexes; for the monomers prior to the hydrogen bonding.
The electrostatic potentials were calcualted at the B3PW91/3-21G* level, on surfaces de-
fined as the 0.001 au (electrons/bohr®) contours of the electronic densities.

In order to obtain data from crystal structures, we searched the Cambridge Structural
Database (CSD) for crystal structures of tetrahedral and octahedral metal complexes with
hydrogen bonds between coordinated water molecules and non-coordinated water mole-
cules. We also searched for the crystal structures with hydrogen bonds between non-coor-
dinated water molecules.

The results of the calculated electrostatic potentials show correlation with the hydrogen
bond data observed in the crystal structures. Namely, the results of the calculation showed
that Vs max values are increasing from non-coordinated water molecule, coordinated water
molecule of octahedral complexes to coordinated water molecule of tetrahedral
complexes, while the data from the crystal structures showed that dn.o distances decrease
in the same order.

[1] P. Politzer, D. G. Truhlar (Eds.) Chemical Applications of Atomic and Molecular Electrostatic
Potentials, Plenum Press, New York, 1981., F. A. Bulat, A. Toro-Labbé, T. Brinck, J. S. Murray,
P. Politzer, J. Mol. Model., 16 (2010) 1679-1693.

[2] R. F. Stewart, Chem. Phys. Lett., 65 (1979) 335-342.

[3] J. M. Andri¢, M. Z. Misini-Ignjatovi¢, J. S. Murray, P. Politzer, S. D. Zari¢, ChemPhysChem,
DOI:10.1002/cphc.201501200.
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KRISTALNA STRUKTURA BINUKLEARNOG KOMPLEKSA
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Navedeni kompleks bakra(ll) dobijen je direktnom reakcijom bakar(ll)-nitrata tri-
hidrata i S-benzil-derivata tiosalicilne kiseline u molskom odnosu 1:2. Reakciona smesa
je meSana na magnetnoj mesalici 4 sata i zagrevana na temperaturi od 40°C uz postepeno
dodavanje vodenog rastvora litijum-hidroksida. Talog je filtriran, ispran vodom i suSen na
vazduhu. Kristali kompleksa pogodni za rendgensku strukturnu analizu dobijeni su nakon
nekoliko dana sporom prekristalizacijom iz sistema DMSO-voda.

Kristalografski podaci: empirijska formula Ce2H14010Cu2Ss, Mr = 1268,4, monokli-
ni¢ni kristalni sistem, prostorna grupa P2./c, veli¢ina kristala
0,46 x 0,30 x 0,07 mm, a = 12,3530(5), b = 10,7885(4), ¢ = 21,9580(8) A,
B =98,902(4)°, V =2891,1(2) A3, Z =2, px = 1,443 g cm3, x = 1,010 mmL. Kristalna
struktura je reSena metodom teskog atoma primenom SHELXS, a uta¢njena primenom
SHELXL programa: Ry = 0,0775, wR, = 0,1866, S = 1,078 za 354 parametara i 4590
nezavisnih refleksija sa | >2o(1).

Slika 1. Kristalna stuktura binuklearnog kompleksa bakra(ll) sa S-benzil derivatom tio-
salicilne kiseline.

XXl Kondepenuuja Cprickor KpucTanorpagckor ApyITsa



Oral Presentations 27
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'Faculty of Medical sciences, University of Kragujevac, Svetozara Markovica 69, 34 000
Kragujevac, Republic of Serbia; 2Department of Chemistry, Faculty of Science, Radoja
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The titled copper(Il)-complex was obtained by direct reaction of copper(Il)-
-nitrate trihydrate and S-benzyl derivative of thiosalicylic acid in molar ratio 1:2. The re-
action mixture was stirred on a magnetic stirrer for 4 hours heated to 40°C, gradually
adding an aqueous solution of lithium hydroxide. The precipitate was filtered, washed
with water and air-dried. Crystals of the complex, suitable for X-ray structure analysis
were obtained by slow crystallization after a few days from the system of DMSO-water.

Crystallographic data: empirical formula Cs2H44010Cu2Ss, Mr = 1268.4, monoclinic
crystal system, space group P2i/c, crystal size 046 x 0.30 x 0.07 mm,
a = 12.3530(5), b = 10.7885(4), ¢ = 21.9580(8) A, B = 98.902(4)°, V = 2891.1(2) A?,
Z =2, px=1.443 gcm3, u = 1.010 mm™. Crystal structure was solved by heavy atom
method using SHELXS and refined using SHELXL program: R: = 0.0775,
WR, = 0.1866, S = 1.078 for 354 parameters and 4590 independent reflections
with 1 >24(1).

Fig. 1. Crystal structure of binuclear copper(ll)-complex with S-benzyl derivative of
thiosalicylic acid.
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KRISTALI POPUT AKROBATA: STRUKTURNA | TEORIJSKA
STUDIJA N'-2-PROPILIDEN-4-HIDROKSIBENZOHIDRAZIDA

J. Popovié!, Z. Skoko?, V. Despoja, I. Lonéarié3, Z. Popovié*

Institut Ruder Boskovié, Bijenicka 54, Zagreb, Hrvatska; 2Fizic¢ki odsjek, Prirodoslovno-
matematicki fakultet, Bijenicka 32, Zagreb, Hrvatska; *Centro de Fisica de Materiale, San
Sebastian, Spain, *“Kemijski odsjek, Prirodoslovno-matematicki fakultet, Horvatovac
102a, Zagreb, Hrvatska
e-mail: jpopovic@irb.hr

Termosalientni kristali su ,,next hot thing* - vrlo obec¢avajuéi konverteri toplinske e-
nergije u mehanicki rad na nanoskali. Ovi materijali, kada se griju ili hlade, prolaze kroz
nagle i ostre topotakti¢ne fazne prijelaze. Tijekom takvog termosalientnog faznog prije-
laza dolazi do promjene oblika kristala i promjene njegove veli¢ine jedini¢ne resetke, to-
liko energi¢ne da kristali doslovno skacu na udaljenosti nekoliko puta veéoj od njihovih
dimenzija [1]. Centore i suradnici pronasli su [2] da N'-2-propiliden-4-hydroxyben-
zohydrazide kristalizira u tri polimorfne modifikacije (I, I1i 1), u proostornoj grupu Pna2;
te da je fazni prijelaz I—11 thermosalientan. Nasi eksperimenti pokazuju da je reverzibilni
11 fazni prijelaz takoder okarakteriziran thermosalientnim efektom. Izvrsili smo de-
taljne strukturne (visoka temperaturna in-situ XRPD njerenja) i teorijsku (DFT) studiju
kako bi se objasnio fenomen skakanja kristala u tom sustavu (slika 1) Velike jedini¢ne
resetke obi¢no onemogucéuju kvantnokemijske racune, medutim, s nedavnim napretkom u
razvoju DFT metoda s van der Waalsove (VDW) interakcijama, modeliranje molekularnih
kristala postalo je dostupno. Od nekoliko VDW funkcionala u DFT, odabrali smo none-
mipirical vdW-DF-cx funkcional za fononska izracune koji pruza uvid u temperaturnu
ovisnost slobodne energije za svaku polimorfnu fazu.
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Slika 1. “Sprlng like ” termosalientni fazni prijelaz izmedu Forme III i Forme I1.

[1] Z. Skoko, S. Zamir, P. Naumov, J. Bernstein, J. Am. Chem. Soc., 132 (2010) 14191

14202.

[2] R. Centore, M. Jazbinsek, A. Tuzi,
Crystengcomm, 14 (2012) 2645-2653.
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WHEN CRYSTAL BEHAVES LIKE AN ACROBATE:
THE XRPD AND DFT STUDY OF N'-2-PROPYLIDENE-
4-HYDROXYBENZOHYDRAZIDE
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‘Ruder Boskovié¢ Institute, Bijenicka 54, Zagreb, Croatia; *Physics Department, Faculty
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Thermosalient crystals are the next hot thing — very promising converters of thermal en-
ergy into mechanical work on the nanoscale. These materials, when heated or cooled, un-
dergo a sudden and sharp topotactic phase transition. During the transition, the crystals
experience a change in their shape, as well as in the size of the unit-cell, that is so energetic
that crystals literally jump off the stage to distances several times bigger than their dimen-
sions [1]. It was reported [2] that N'-2-propylidene-4-hydroxybenzohydrazide exhibits
three polymorphic modifications (I, Il and I11), all having the same polar space group
Pna2; with the phase transitions I —11 being thermosalient. Our experiments showed that
reversible 111 <>11 phase transition is characterized by thermosalient effect as well. We
performed detailed structural (high temperature in-situ XRPD) and theoretical (DFT)
study in order to explain jumping phenomenon in this system (Fig. 1). Large unit cells of
the crystal usually prohibit the use of high-level quantum chemistry calculations, however,
with the recent progress in development of density functional theory (DFT) with the van
der Waals (vdW) interactions, good accuracy and predictability in modeling of molecular
crystals has become accessible. Of several vdW implementations in DFT, we choose none-
mipirical vdW-DF-cx functional for phonon calculations which provided an insight into
the temperature dependence of a free energy of each polymorphic phase.
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Fig. 1. Spring-like thermosalient phase transition between Form 111 and Form I1I.

[1] Z. Skoko, S. Zamir, P. Naumov, J. Bernstein, J. Am. Chem. Soc., 132 (2010) 14191
14202.

[2] R. Centore, M. Jazbinsek, A. Tuzi, A. Roviello, A. Capobianco, A. Peluso,
Crystengcomm, 14 (2012) 2645-2653.
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BOJAOHUYHA BE3A UBMEBY KOOPAUHOBAHUX U
HEKOOPIUHOBAHUX MOJIEKYJIA BO/IE:
EJEKTPOCTATUYKU NIOTEHIHHNJAJIN U EHEPI'NJE
HUHTEPAKIIMJA

J. M. Auapuh', M. 3. Mucunu?, J. S. Murray?, P. Politzer®, C. JI. 3apuh?

Mnosanuonu uentap Xemujckor pakynrera, YHuusepsureta y beorpany, CTyneHTCKu
tpr 12-16, 11000 Beorpan, Cpouja; *Xemujcku dakynrer, YHusepsutera y beorpany,
Crynenrcku Tpr 12-16, 11000 Beorpaa, Cpbuja; *Xemujcku dakynrer, Y HUBep3UTETa Y
By Opeancy, JIA 71048, CAJ]

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

VY oBOM pany cy U3padyHaTe €Hepruje BOZOHWUYHE Be3e M3Mel)y KOOpIHHOBAHUX M
HEKOOPANHOBAHHUX MOJIEKYJIa BOJIE ¥ KOPEIIHCaHe Ca BPEIHOCTHMA €IEKTPOCTATHYKOT T10-
terumrjana (Vsmax) [1]. Kao Momen cucremu y Kojuma je Bofia KOOpAMHOBaHA, KopHitheHn
Cy TeTpaeAapCcKu KOMIUIEKCH IIMHKa (HACJNeKTPHCAHH U HEYTPalHH), OKTaeAapCKu
KOMIUIEKCH [[MHKa (HAaeJICKTPUCAHU M HEYTPAJIHU) U HEYTPAIHH OKTAeIaPCKU KOMILJIEKCH
ckaHaujyma u kaamujyma. C o03upoM Jia y HEyTpPaJHUM OKTaeJapCKHM KOMILUIEKCHUMa
JIMraHad MOry OuTH y CiS- W trans- mojo)kajuma, mpoydaBaHa Cy 00a reoMeTpHjcKa
n3oMepa.

Pagu Oosber pasymeBama JO0OHMjCHHX BPEIHOCTH CHEPTHje HMHTEpakipja usMely
KOOPJIMHOBAHOI U HEKOOPAWHOBAHOT MOJIEKYJIa BOJE, U3padyHaTe Cy Malle elNeKTpocTa-
THYKOT ITOTEHIIHjaJia 32 KOMIUICKCE MeTaJla Kao M TauKe ca HajlIO3UTUBHU]OM BpenHOIhy
CIEKTPOCTHYKOT TOTeHIHjana Vsmax Ha 3a4aTO] MOBPIIA. Vsmax CY padyHaTre Ha
MOHOMepHUMa 1pe GopMUparba BOIOHHYHE Be3e.

Pesynrati mpopadyHa TOKa3yjy nla je BPEOHOCT €HEpruje HHTepaknuje Beha 3a
TeTpaegapcke HEro 3a OKTaegapcke akBa KoMIuiekce. Takole, BpeAHOCT eHepruje
uHTEepakiuje je Beha 3a HaeJeKTPUCAHE KOMILICKCE OJf CHEPruje HHTEpaKidje 3a
HeyTpanHe komruiekce. IlITo ce TWde eHepruje BOJNOHHYHMX Besa y Cis- u trans-
OKTaeJapCKUM KOMIUIEKCHMA, MHTEPAKIIKja je jaya y cliydajy CiS-KOMIUIEKCa.

OBakaB TpeH]I BPEAHOCTH €Hepruja MHTepakiuja Moryhe je oGjacHuTH Kopuctehn
n3pauyHate Vsmax BpeHOCTH. Kao mITo ce Mo)Ke MPeTHOCTaBUTH, BPEAHOCT Vs max PacTe
0]l HEyTPAJIHOT, MPEKO KOMILJIEKCa ca HaeJeKTpUcameM 1+ 10 KoMILIeKca ca HaeJIeKTpH-
cameM 2+.Vs max BpEZJHOCTH Cy HIKE 32 OKTaeAapcKe Hero TeTpaeaapcke KOMIUIEKCE ITO
MOXe OMTH TOCieI1Ia YHIHCHHUIIE JIa je TIPUBJIadYehe eJeKTPOHa 0/l CTpaHe jOHa MeTana
pacrozieJbeHO Ha BHIIIE MOJIEKYJIA BOJIE Y OKTaeAapcKuM cructeMnuma. Takohe, Vs max Bpel-
HOCTH cy Behe y KOMIUIEKCHMa HEro y HEeKOOpANHOBAaHOM MOJIEKYJTY BOJIE; OBAaKaB TPEH]
j€ YIIaBHOM IIOCTIeINIA €JIEKTPOH-NIPUBIIAYHOT e()eKTa joHa MeTana.

Kopemanuja w3padyHaTHX €Hepruja WHTEpakiyja ca onarorapajyhum Vs max
BpPEIHOCTUMA 32 ONTHMH30BaHE KOMIUIeKce je Beoma no6pa (R=0,975) m moka3zyje na
jauMHa OBHMX MHTEpakKluja JIUPEKTHO 3aBHCH O]l BEJIMYMHE HAeJeKTpHUCama Ha
WHTEeparyjyhuM arommma.

[1]J. M. Andri¢, M. Z. Misini-Ignjatovi¢, J. S. Murray, P. Politzer, S. D. Zari¢,
ChemPhysChem, DOI:10.1002/cphc.201501200.
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Innovation center, Department of Chemistry, University of Belgrade, Studentski trg 12-
16, 11000 Belgrade, Serbia; 2Department of Chemistry, University of Belgrade, Studentski
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In this work the hydrogen bond energies are calculated between coordinated and noncoor-
dinated water molecules and coorelated with the values of electrostatic potential
(Vs,max)[1]. For model systems with coordinated water molecule, we considered tetrahedral
zinc complexes (charged and neutral), octahedral zinc complexes (charged and neutral)
and neutral octahedral scandium and cadmium complexes. Since for neutral octahedral
complexes, cis- and trans- isomers are possibe, both of them were considered.

In order to better understand calculated interaction energies between coordinated and
noncoordinated water molecules, we calculated electrostatic potential maps for metal
complexes and the points with the most positive Vs maxvalues on the surface. Vs maxvalues
are calculated for the monomers prior to the hydrogen bond interaction.

The results showed that interaction energy is greater for tetrahedral than octahedral
complexes. The interaction energy is also greater for charged complexes than neutral
complexes. Considering cis- and trans- geometries in octahedral complexes, the inte-
raction is stronger in case of cis- complexes.

The observed trend for interaction energies is possible to explain if we consider calcu-
lated Vsmaxvalues. As it can be anticipated, the Vsmaxvalues are increasing from neutral
one to double charged complexes. Vsmaxvalues are lower in octahedral complexes than
tetrahedral and the cause of this may be that the electron-withdrawing effect of the metal
ion is distributed over more water molecules in the octahedral systems. Also, Vs max Values
are greater for metal complexes than for noncoordinated water molecules, what is mostly
due to electron-withdrawing efect of metal ion.

The coorelation of interaction energies with the corresponding Vs maxvalues for optimi-
zed complexes is very good (R=0.975) and it showed that the strength of this interaction
is depended on magnitude of charge on interacting atoms.

[1]1J. M. Andri¢, M. Z. Misini-Ignjatovi¢, J. S. Murray, P.Politzer, S. D. Zari¢,
ChemPhysChem, DOI:10.1002/cphc.201501200.
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AIIMPATHYIHO-APOMATHUYHE CTEKUHI' UHTEPAKIIUJE ¥
JUMEPY HUKJIOXEKCAH-BEH3EH

D. B. Ninkovi¢!, D. Z. Vojislavljevié-Vasilev!, V. B. Medakovi¢?, M. B. Hall®,
S. D. Zarié¢?

YUnosayuonu yenitiap Xemujcxoi axyninieiia, Ciiygeniticku ipi 12-16, Beoipag,
Cpbuja; *Xemujcxu paxynitieisi, Ynusepsuitieii y beoipagy, Citiygeniticku wipt 12-16, Be-
oipag, Cpbuja; *Department of Chemistry, Texas A&M University, College Station, TX
77843-3255

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

Hako ce mox mojMOM CTEKHHT WHTEpaKIHja OOWYHO TOApa3yMeBajy MHTEPaKIWje
u3Meljy OpraHcKHX MoJIeKyJla WK (parMeHara, i HEKH IPYrH MOJICKYJIH MOTY y4eCTBO-
BaTH y GopMHUpamy OBUX MHTepakiyja. [I[poydyaBame CTEKUHI HHTEpaKLUja U3Mel)y amu-
(aTHYHUX WM apOMaTHYHUX MOJIEKYJa JOBEJIO je JO HHTepecaHTHOr oTkpuha /a je uHTe-
pakimja u3Mel)y OeH3eHa U IUKIOXEKCaHa HEIITO jaya O/l MHTEpaKIkja y TuMepuMa OcH-
3eHa WM IIUKJIoXeKcaHa [1, 2].

Y oBOM pajy Cy IeTajbHO IPOy4YaBaHe CTEKUHI HHTEPAKIHje Y JUMEpY [IMKIOXEKCaH-
OcH3eH, YKJbyuyjyhin HHTEpaKIHje Ha BeIUKUM ofceTnMa. Y paleHa je cTaTHCTHYKA aHa-
nm3a mojaTtaka nqooujeHnx mnperparom KemOpuuke 6aze cTpykTypHuX momataka (CSD),
Ka0 W aHalli3a KPHBe IOTSHLMjalHe SHEepruje 3a HHTePaKHje y CUCTEMY UKIOXCKCaH-
oenseH. [Iperpara CSD ypaljeHa je y IHIby IpOHATaKeHa CTPYKTypa Koje campike peHmI-
U IUKIIOXEKCHII- (hparMeHTe ca Mel)ycoOHO mapanieTHOM OpHjeHTAIHjOM CPEIBIX PaBHH.

' Enepruje wmHTEepakmuja cy wu3pady-

N "":?L = Hate MP2/def2-TZVP meromom 3a Tpu

cor 2 | == = pas3uuuTe OpHjeHTAI]e JUMeEpPa IUKJIIO-
16 XEeKCaH-O€H3eH NpU Pa3IUYUTUM BpEa-
1 HocTuMa o(ceta. M3pauyHaTe KpuBe mo-
8 TEHLIMjaJIHEe EHePrHje CIaXy Ce ca KpH-
4 I l | I I I i I I I 1 cranorpad)CKUM mnopanuMa. Makcumym
0 —

0.0- 05- 1.0- 1.5- 2.0- 2.5- 3.0- 3.5- 40- 45- 5.0- 55- 6.0- 6.5 Ha KpahHM chceTHMa OHFOBapa Ha-]-]a-
05 10 15 2.0 25 30 35 40 45 50 55 6.0 65 70 qUuM I/I3paquaTI/IM I/IHTepaKIII/IjaMa.

r& WHTepecaHTHO je Jia je MHTepaKIyja
n3mely nuxitoxekcana u 6ensena, —3.27 kcal/mol (CCSD(T)/CBS), 3HaTHO jaya of MHTe-
pakuuje y aumepy Oensena, —2.84 kcal/mol [1]. Ananuza kpucranorpadCKux rnojaraka u
u3pavyyHaTe SHepruje MHTepaknuja ykasyjy Aa amudaTHYHO-apoMaTHYHE WHTEpaKIHje
Mory OWTH jade 0 apOMaTHYHO-apOMATHYHUX CTEKHHT MHTepaknuja. OBako jake WHTe-
paxIyje MOry OMTH OJ BEJIMKOT 3HAauaja y CBUM MOJEKYJICKHM CHCTEMHMa KOjH CapiKe
apoMaTH4He U alu(aTudHe rpyre.

[1] E. C. Lee, D. Kim, P. Jurecka, P. Tarakeshwar, P. Hobza and K. S. Kim, J. Phys. Chem.
A, 111 (2007) 3446-3457.

[2] K. S. Kim, S. Karthikeyan, N. J. Singh, J. Chem. Theory Comput., 7 (2011) 3471-
3477.
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ALIPHATIC-AROMATIC STACKING INTERACTIONS IN
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Stacking interactions are usually thought of as occurring between organic aromatic mole-
cules or fragments; however, other molecules and fragments can also be involved in stac-
king interactions. Considering stacking interactions between aliphatic and aromatic
molecules, it is interesting that interaction between benzene and cyclohexane is somewhat
stronger than interactions in benzene dimer or in cyclohexane dimer [1, 2].

In this work, stacking interactions of cyclohexane—benzene dimers, including interac-
tions at large horizontal displacement, were studied in detail. The study included statistical
analysis of data from Cambridge Structural Database (CSD) and calculations on the po-
tential energy curve of cyclohexane—benzene stacking interactions. Crystal structures from
CSD were searched in order to extract all structures containing phenyl and cyclohexyl
fragments with parallel orientation between average planes of the fragments.

The MP2/def2-TZVP method was u-

1ad a2 sed to calculate interaction energies for

[ == San three different orientations of cyclo-

16 hexane—benzene dimer at different offset

values. The calculated potential curves

are in agreement with the data observed

I E— l I I i in crystal structures. The maximum at

00 05 10 15 20 25 30 35 a0 45 so ss co s | Shorter offset values corresponds to the
05 018 2025 R0 95 w0 a8 B0 s w0 ee A0 strongest calculated interactions.

It is very interesting that the calcula-
ted interaction between cyclohexane and benzene of -3.27 kcal/mol, (calculated at
CCSD(T)/CBS level), is significantly stronger than interaction in benzene dimer, —2.84
kcal/mol[1]. The analysis of the crystal-structure data and corresponding calculations of
the interaction energies indicate that aliphatic-aromatic interactions can be stronger than
aromatic-aromatic stacking interactions. Such strong interactions can be very important in
all molecular systems with aromatic and aliphatic groups.

[1] E. C. Lee, D. Kim, P. Jurecka, P. Tarakeshwar, P. Hobza and K. S. Kim, J. Phys. Chem.
A, 111 (2007) 3446-3457.

[2] K. S. Kim, S. Karthikeyan, N. J. Singh, J. Chem. Theory Comput., 7 (2011) 3471-
3477.
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CTEKMHI' UHTEPAKIIUJE 3ACUREHUX IIVIAHAPHUX
ITPCTEHOBA ®OPMUPAHUX BOJOHUYHUM BE3UBAIBEM

J. I1. Baarojesuh, C. /1. 3apuh

Xemujcku  axyniteni, Ynueepsuiieii y bBeoipagy, Ciuygeniicku wipi 12-16,
11000 beoipag, Cpouja
e-mail: szaric@chem.bg.ac.rs

Hako cy CTeKMHT HHTEpaKl{je THITNYHE 32 apOMaTHYHE MOJICKYJIe, OHE CE jaBJbajy U
KOJI IPYTHX BPCTa IIAHAPHUX IPCTEHOBA, KA0 IITO CY XEJIAaTHU NIPCTCHOBH M IPCTCHOBU
(bopMUpaHl BOTOHUYHHUM BE3UBAHEM.

IIperparom KemOpruke 6a3e ctpykrypaux nogaraka (CSD) malero je 978 cTpykrypa
y KOjUMa Ce jaBJbajy IUIaHAPHU NETOWIAHH NPCTEHOBH (POPMHUPaHH BOAOHHYHUM BE3HBa-
BEM, Y3 IOZAaTHHU YCIIOB J1a Cy CBE KOBAJIICHTHE Be3¢ YHYTap NPCTEHA MPOCTe, fa HUCY 10
HEKOT' JIpyror HUKJIMYHOT CHCTEMa, Kao U Ja je TeOMeTpHja Be3a CBUX aToMa KOjU YHMHE
npcreH wiaHapHa [1]. Kox Benmukor 6poja oBux cTpykrypa (264 crpykrype, 1j. 27% on
YKYIHOT Opoja CTPYKTypa y KOjuMa ce MPCTCHOBH Halla3e) jaBJbajy Ce€ MapajieliHU KOH-
TakTH u3Mely npcreHoBa. Pactojama n3mel)y paBHM npcTeHOBa Cy TUIIMYHA 32 CTEKUHT
uaTepaxmuje (3,0-4,0 A). IpcreHoBu cy MeljycoOHO ycMepeHH TaKo Ja ce AUMOIHH MO-
MEHTH aHTUTIAPAJICTHO OpHjeHTHInyY (ciauka 1).

<

;:——SQ C
I =
Cnuka 1. TunnuHa opujeHTanyja 3acuheHux IIaHapHUX MPCTeHOBa (HOPMHUPAHUX BOJO-
HUYHUM Be3MBamEM y KpUCTaimHOj (aszm; () o3HauaBa IeHTtap npcreHa, a C nenrap H-

aKLenTop Bese.

IIpopauynu enepruja natepaknuja cy ypahean nHa CCSD(T)/CBS uuBoy 3a ogabpane
MOJIEJI-CHCTEME W YTBPHEHO je a eHepruje Mory OWTH 3HaudajHO BHCOKe (n mo —4,89
kcal/mol), mrTo oamroBapa jadyoj WHTEpaKUMju HEro |y IuMepy OeH3eHa
(—2,73 kcal/mol) [2].

[a 61 6oJbe pa3ymeInu eHepruje HHTepakiyja, i3padyHare Cy Marle eJIeKTPOCTaTHIKOT
MOTEHIjajla IpoyYaBaHUX Moaen-cucteMa. Jlooujenn pesyiraru ykasyjy Ha Behy neino-
KaJIM3alMjy eJIeKTPOHCKE T'YCTHHE y CTaOMIIHMjEM CHCTeMy, IITO O0jallmaBa MPUPOIY
NpoydYaBaHUX UHTEPAKIIH]ja.

[1] J. P. Blagojevi¢, S. D. Zari¢, Chem. Commun, 51 (2015) 12989-12991.
[2] J. Rezag, K. E. Riley, P. Hobza, J. Chem. Theory Comput, 7 (2011) 2427-2438.
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J. P. Blagojevi¢, S. D. Zarié

Department of Chemistry, University of Belgrade, Studentski trg 12-16,
11000 Belgrade, Serbia
e-mail: szaric@chem.bg.ac.rs

Although stacking interactions are typical for aromatic molecules, they occur as well in
case of other planar rings, like helate rings or rings formed by hydrogen bonding (hydro-
gen-bridged rings).

A search of Cambridge Structural Database (CSD) revealed 978 structures where pla-
nar five-membered hydrogen-bridged rings are found, where all covalent bonds in the ring
are single, not part of another cyclic system and where geometry of bonds at every atom
of the ring is planar [1]. In significant number of these structures (264 structures, i.e. 27%
of total number of structures where these rings are found) parallel contacts between rings
occur. Distances between ring planes are typical for stacking interactions (3.0-4.0 A).
Mutual orientation of rings is such that dipole moments are in antiparallel direction (Fig.
1).

_/<7_/__
N =

D,
:.:;-\Q — C
T =

Fig. 1. A typical orientation of planar saturated hydrogen-bridged rings in crystal phase;
Q marks the center of the ring, while C marks the center of H-acceptor bond.

Calculations of interaction energies are done at CCSD(T)/CBS level for chosen model
systems and it is found that energies can be significantly high (up to
—4.89 kcal/mol), which corresponds to stronger interaction than in benzene dimer
(—2.73 kcal/mol) [2].

To better understand the interaction energies, maps of electrostatic potentials were cal-
culated for investigated model systems. The results indicate larger delocalization of elec-
tronic density in more stable system, what can explain this type of interactions.

[1] J. P. Blagojevi¢, S. D. Zari¢, Chem. Commun, 51 (2015) 12989-12991.
[2] J. Rezag, K. E. Riley, P. Hobza, J. Chem. Theory Comput, 7 (2011) 2427-2438.
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APOMATUYHO-APOMATHUYHE MHTEPAKIIMJE Y
AMMWJIONINUMA
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Uncimuinyin 3a Xemujy, iiexnonoiujy u meiianypiujy, Ynusepsuitieii y Beoipaqy, Hheio-
wesa 12, 11000 Beoipag, Cpbuja; *Xemujcxu ¢paxynitieiti, Ynueepsuinieii y Beoipagy,
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AMMITONIU Cy HEpaCTBOPHH NIPOTEHHH Hal)eHu kao pubpuIapHe Hacyare Ko 60JecTH
Kao mrTo cy Anmxajmeposa, [lapkuacoHoBa, Kpojudenn-Jakobosa, aujaberec tuma 2,
UTI. KOju (OpMHEpa]jy IapalielHe 3 TUIOYHIIEe WK TIeTIbE.

Hako HUCY HEONXOAHE, apOMaTH4YHE aMHHOKHCEIMHE (EHHJIANAHWH, THPO3HUH M
TpUnTO(aH, BayKHe Cy 32 KHHETUKY U TSPMOIUHAMUKY (hopMuUpama ammwionsaa [1]. Y oBom
paly nmpoy4aBaHa je reoMeTpHuja apoOMaTHYHO-apOMATHYHUX MHTEPaKIKja Y aMHIOUIUMA
nponahjerum y IlporenHckoj OaHnm momataka. DuOpui Moke ga pacTe y MpaBIly
¢dbopmupama B ruiounile WK y MpaBlly UHTEpakiyje Mely pasauyuTiM IounnamMa [2].
OnpehuBanu cy reoMeTpHjCKH apaMeTpH Kao MITO ¢y yrao usMeljy mpcTeHOBa U XOPH-
30HTAJHO IIOMEpabe.

T'eometpuja ce pa3nukyje 3a oBa Ba TUIIa HHTEepakIuja. IHTepakuje Mely pa3muaun-
THM IUIOYMIama (ciarka la) KapaKTepHIly BEJHMKH YIJIOBH M XOPU30HTAIHA MOMEparha
(30—40°; 2,5-3 A) 1ok cy MHTepakuuje yHYTap IUIOYMIA TIAPATETHO CMAKHYyTe Ca yIIio-
Buma 0-5° 1 ToMepamuMa oj1 2,5-5 A, n 061uHO cajipske BHIIlE PCTEHOBA y HU3Y (CiHMKa
16).

(@ (©)

Cinuka 1. Untepakuuje Mely miounnama (a) 1 yHyTap iouune (0)

WuTtepakuyje yHyTap modunna cy MHoro 6pojauje. [1o3Haro je na cy BogoHHYHE Bese
oJroBopHe 3a opmupame [ IurouHne jaue of mM-T MHTEPAKIHja, TaKo Aa WHTEpaKIHje
Mel)y apoMaTHYHUM IPCTEHOBHUMA MOTY OWTH IOCIIEINIIA TEOMETPHje TUIOUHIIE.

[1] R. Cukalevski, B. Boland, B. Frohm, E. Thulin, D. Walsh, S. Linse, ACS Chem. Neu-
rosci., 3 (2012) 1008—1016.

[2] R. S. Harrison, P. C. Sharpe, Y. Singh, D. P. Fairlie, Rev. Physiol. Biochem.
Pharmacol., 159 (2007) 1-77.
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Amyloids are insoluble proteins found as fibrilar deposits in diseases like Alzheimer's,
Parkinson's, Creutzfeldt—Jakob's, type Il diabetes etc. forming the cross-p structure, made
of parallel arrays of B-strands or coils.

Although they are not indispensable, aromatic amino acids phenylalanine, tyrosine and
tryptophan, are important in amyloid formation kinetics and thermodynamic stability [1].
In this work geometry of aromatic-aromatic interactions in amyloid structures from the
Protein Data Bank were systematically investigated. Fibril growth can be conducted thro-
ugh intrasheet interactions within the same -sheet, or by side chain interactions between
different B-sheets [2]. The geometry parameters such as angle between aromatic rings or
offset values between centres of the rings were determined.

Different geometric tendencies of the two types of interactions were observed. The
intersheet aromatic-aromatic interactions (Fig. 1a) exhibit high offset values and angles
between rings (2.5-3 A, 30—40°) while the intrasheet interactions are mostly parallel dis-
placed with angles 0-5° and offset values of 2.5-5 A, and usually involve more than two
stacked aromatic rings (Fig. 1b).

Fig. 1. Intersheet (a) and intrasheet aromatic-aromatic interactions (b)

Furthermore, the intrasheet interactions are far more frequent then the intersheet interacti-
ons. It is known that intrasheet hydrogen bonds between backbone atoms are responsible
for the B-sheet formation and that they are stronger than n-n interactions. Therefore, the
intrasheet ring arrangement could be the consequence of the steric condition inside a pro-
tein p-sheet.

[1] R. Cukalevski, B. Boland, B. Frohm, E. Thulin, D. Walsh, S. Linse, ACS Chem. Neu-
rosci., 3 (2012) 1008—1016.

[2] R. S. Harrison, P. C. Sharpe, Y. Singh, D. P. Fairlie, Physiol Biochem Pharmacol., 159
(2007) 1-77.
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CHUHTE3A, KAPAKTEPU3AILINJA U KPUCTAJIHA
CTPYKTYPA KOMIUVIEKCA
[Ru(#5-p-cimen)Cl2(5-MA-3-MorphCN-I1TZ)]

M. Byknh?, 3. Marosuh?, O. Kaucypuh?

Ulpupogno-maitiemaitiuuxu axynitieini, Ynusepsuitieii y Kpaiyjeeyy, Pagoja Jomano-
suha 12, 34000 Kpaiyjesay, Cpbuja; *Ipupogno-maitiemaitivuxy (axynitieid, Ynueep3u-
wiein y Hosom Cagy, Tpi [Hocuitieja Obpagosuha 3, 21000 Hosu Cag, Cpouja

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

VY 0BOM pajy mpHKa3aHa je CHHTe3a, KapaKTepHu3alyja U KPUCTalIHA CTPYKTYpa KOM-
miekca  Ru(ll) ca 5-mermnamuno-3-MopdonuH-4-HiI-n30THA30I-4-KapOOHU TPUIIOM
(5-MA-3-MorphCN-ITZ) kao suraugom (cimka 1). Komruieke je 100ujeH y CHHTE3H
[(p-cimen)RuUCl;] u 5-MA-3-MorphCN-I1TZ nuranzaa pedaykroBamemM 3 cara Ha TeMIIe-
parypu ox 100 °C y tomyony [1]. Hapanyactu kpuctanu no0ujeHn cy u3 Toixyona. Ka-
pakTepusanuja qobujeHor KoMIuiekca usBpiueHa je caumameM IR, HNMR u *CNMR
CIeKTapa, Kao0 W PEHATCHCKOM CTpyKTypHOM aHanuzoM. [lopehemem IR cnekrapa nu-
raHjia ¥ CHHTETHCAHOI KOMILIeKca youasa ce Iomepame 3a 26,92 cm™ y C=N obnactu
(2201,66 (nuramm) — 2228,58 (komruiekc)). Ha ocHOBY criekTapa u ypaljene peHAreHcke
CTPYKTYpHE aHaju3e 3aKJbydyjeMo Ja je JHMraH] KOOpAuHOBaH 3a meran Ru m3 Ru-p-
[MEHA MPEKO a30Ta Kao goHopckor atoma -C=N rpyre.

Kpucranorpadcku momamnu: KpUCTATHHA CUCTEM - MOHOKJIIMHHYHHU, IPOCTOPHA TPyIa
P21/n, a = 12,5788(3), b = 10,1246(2), ¢ = 17,3679(4) A, o = 90°, p = 90,126(2)°,
vy =90°,V =2211,89(9) AS, Z=4,p=15930(1) mg/m? n=1,062 mm™. Konauna spes-
HocT R akropa je 0,0362 (WR = 0,1312; S = 1,209) 3a 3881 HezaBucHuX peduiekcuja U
288 mapamerapa.

Cnuxka 1. Acumerpuuna jequanna [Ru(n8-p-cimen)Cly(5-MA-3-MorphCN-1TZ)]
KOMILIEKCA

[1]C. A. Vock, C. Scolaro, A. D. Phillips, R. Scopelliti, G. Sava and P. J. Dyson,
Journal of Medicinal Chemistry, 49 (2006) 5552-5561.
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This paper describes the synthesis, characterization and crystal structure of the complex
Ru(ll) with 5-(methylamino)-3-morpholin-4-ylisothiazole-4-carbonitrile  (5-MA-3-
MorphCN-1TZ) as a ligand (Fig. 1). The complex was successfully obtained in the synthe-
sis of [(p-cymene)RuCl;], and 5-MA-3-MorphCN-ITZ ligand. The resulting mixture was
heated to reflux for 3 h on 100 °C in toluene [1]. The orange crystals were obtained from
the toluene. Characterization of the complex was performed by IR, tHNMR, *CNMR and
X-ray analyzes. Comparing the IR spectra of ligand and obtained complex there was ob-
served the shift of 26.92 cm™ in the region of the C=N stretching modes (2201.66 (L) —
2228.58 (C)). On the basis of the spectra and X-ray results we concluded that the ligand
is coordinated to the Ru metal from Ru-p-cymene via nitrogen as the donor atom of -C=N
group.

Crystal data: monoclinic, space group P21l/n, a = 12.5788(3), b = 10.1246(2),
c = 17.3679(4) A, o = 90°, B = 90.126(2)°, y = 90°, V = 2211.89(9) As, Z =4,
p = 1.5930(1) mg/m3, p = 1.062 mm™. The final R factor is 0.0362 (WR = 0.1312;
S =1.209) for 3881 independent reflections and 288 parameters.

C12

Cl1,

Fig. 1. The asymmetric unit of [Ru(#%-p-cymene)Cl,(5-MA-3-MorphCN-ITZ)] complex

[1] C. A. Vock, C. Scolaro, A. D. Phillips, R. Scopelliti, G. Sava and P. J. Dyson,
Journal of Medicinal Chemistry, 49 (2006) 5552-5561.
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CHUHTE3A U KAPAKTEPU3AIIMJA KOMIIVIEKCA
BAKPA(I1l) CA 2-AIETUWJINIMPUIUH-AMUHOI' BAHUJIUHOM

M. M. PaganoBuh, Jb. C. BojunoBuh-Jemuh, M. B. Poguh, B. M. JleoBang

IHpupogro-maitiemaimivuku gaxyniveiti, Ynusepsuitewi y Hoeom Cagy, Tpi [Jocuitieja
Obpagosuha 3, 21000 Hosu Cag
e-mail: mirjana.lalovic@dh.uns.ac.rs

OmmcaHe cy cuHTe3e, PU3NIKO-XEeMHUjCKe U CTPYKTYpHE KapaKTepHCTHKE KOMILIEKCa
6akpa(ll) ¢dopmyna [CuL(NCS)CI] (1) u [CuL(NCS)(SCN)] (2), rme je L
2-aleTUIIHAPUIUH-aMUTHOT BAHUIHH.

Komruiekeu cy n00ujeHn y peakiuju Tomior BojeHor pacrBopa 6akap(ll)-anerara u
MetaHonmHor pactBopa L-2HCI y monckom ommocy 1:1, a y mpucyctBsy NHiNCS.
Kommeke 1 mobujeH je xao mpa (paximja, y BeoMa MaJioM IIPUHOCY, IOK je U3 puiITpara,
Kao TJIaBHU MTPOHU3BO/I, 10OHjEH KOMILIEKC 2.

Y 0BMM KOMILIEKCHMA XEJIaTHH JIMTaH]| j€é KOOPAUHOBAH y HeyTpanHoj popmu, kao N3
TPUACHTAT, U TO MPEKO MUPUANHCKOT, a30METHHCKOT U MIMHHO aTOMa a30Ta aMHHOTBaHU-
JuHCKOT (parMeHTta, ¢opmupajyhu Ha Taj HauMH 1Ba IETOWIaHA XeJlaTHA MPCTEHA.
Oxcryname ol MealnHe KBaJpaTHO-MHUPaMUJaIHE [€OMETPHUje OMUCAHO je MapaMeTpoM
15 [1], xoju y ciyuajy komiuiekca 2 uma Beoma Brucoky Bpeanoct o 0,30(3). V cay4ajy
OBOT KoMILIekca, Moxe ce pehu na je Cu(ll) cmerren y KBagpaTHO-TUIAHAPHO OKPYKEEHE.
Melytum, 300T MoNI0Kaja aMMKaTHOT THOIMjaHATHOT jOHA, KOjU TOrofyje rpalemy Bese
ca LEHTPaJHUM METAJIHUM jJOHOM, OBO OKpYXeHe Tpeda cMaTpaTi KBa3u KBaJIpaTHO-IU-
pamupanuum (4+1).

Cee nmyxume Cu-muratop Besa cy y omcery 1,9452(18)-2,0120(19) A. Cse
Cu—Konuranay Be3e UMajy OueKUBaHe AY)KUHE, ca eKBaTOPUjaTHUM JIMTaH UM OJIMKUM,
a anuKallHUM JIMTaHAdMa YIajbeHUjUM O] MeTala.
JlenpoToHalriyja aMUHOTBaHMJMHCKOT OCTaTKa Jo-
Bou 110 ckpahewa C1-N1 u n3nyxema C1-N2 u C1-
N4 Besa 3a oko 0,02 A, 10K KOOpAMHALjA XENTATHOT
JIMraHza JOBOJIH 10 TPOMEHa BPEAHOCTH O/IroBapajy-
hux yriosa, 1j. cMamema N3-N2—-C1 u N2-C1-N1u
nosehama
BpenHoctd N1-C1-N4 yrma. Hcre mnocnenune
JITIPOTOHAIMj€ ¥ KOOpPJHWHAIMje ONaKeHe Cy M Yy
CTpYKTypama KomIuiekca ca cpoatoM llIudosom Ga-
30M aMHHOTBAaHWIMHA U caiuIpiangexuna [2].

[1] A.W. Addison, T.N. Rao, J. Reedijk, J. van Rijn, G.C. Verschoor, J. Chem. Soc. Dalton
Trans., (1984) 1349-1356.

[2] Lj.S. Vojinovi¢-Jesié, M.M. Radanovi¢, M.V. Rodi¢é, Lj.S. Jovanovi¢, V.I. Cesljevi¢,
M.D. Joksovi¢, Polyhedron, 80 (2014) 90-96.
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The syntheses, physico-chemical and structural properties of two copper(ll) complexes,
viz. [CUL(NCS)CI] (1) and [CuL(NCS)(SCN)] (2), where L stands for 2-acetylpyridine-
aminoguanidine, are described.

Complexes are obtained in the reaction of warm aqueous solution of copper(l1)-acetate
and methanolic solution of L-2HCI in a molar ratio of 1:1, in the presence of NH4NCS.
Complex 1 was the first precipitate in a very low yield, while the main product of the
reaction, complex 2, was obtained from the filtrate.

In these complexes chelate ligand is coordinated in its neutral form in a tridentate Ns-
coordination mode, via pyridine, azomethine and imino nitrogens of aminoguanidine frag-
ment, forming two fused 5-membered chelate rings. The distortion from the ideal square-
pyramidal geometry is described by 15 parameter [1], which in the case of complex 2 has
a very high value of 0.30(3). Precisely, the Cu(ll) environment in complex 2 could be
described as distorted square-planar. Yet, due to the presence of apical thiocyanate anion,
which allows its bonding to the central metal ion, this environment should be considered
as a quasi square-pyramidal (4+1).

All Cu-ligator distances are in the range of 1.9452(18)—2.0120(19) A. All Cu—coligands
bond lengths have the expected values, with the equatorial ligands closer to the metal and
the axial farther away from it. Deprotonation of the AG residue leads to a shortening of
C1-N1 and an elongation of C1-N2 and C1-N4 bonds by ca. 0.02 A, while the coordina-
tion of the ligand leads to the angular changes in aminoguanidine moiety visualized
through shrinking of N3-N2—C1 and N2—-C1-N1, and widening of N1-C1-N4 angle. The
same behavior upon deprotonation and coordination was reported for the Schiff base of
aminoguanidine and salicylaldehyde [2].

[1] A.W. Addison, T.N. Rao, J. Reedijk, J. van Rijn, G.C. Verschoor, J. Chem. Soc. Dalton
Trans., (1984) 1349-1356.

[2] Lj.S. Vojinovié-Jesi¢, M.M. Radanovi¢, M.V. Rodi¢, Lj.S. Jovanovi¢, V.I. Cesljevic,
M.D. Joksovi¢, Polyhedron, 80 (2014) 90-96.
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KRISTALNA STRUKTURA BINUKLEARNOG KOMPLEKSA
BAKRA(II) SA S-1IZOBUTENIL DERIVATOM TIOSALICILNE
KISELINE

A. Koéovi¢?, D. Tomovié¢!, A. Bukonji¢!, M. Nikoli¢!, M. Mijajlovi¢!, V. Jevti¢?,
Z. Ratkovi¢?, G. Bogdanovié¢?, S. Novakovié3, S. Trifunovié?, G. Radié!

!Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Svetozara Markoviéa 69, 34000
Kragujevac, Republika Srbija; 2Institut za hemiju, Prirodno-matematicki fakultet, Radoja
Domanovica 12, 34000 Kragujevac, Republika Srbija; Slnstitut za nuklearne nauke Vinca,
Laboratorija za teorijsku fiziku i fiziku kondenzovane materije, Univerzitet u Beogradu,
P.P. 522, 11001 Beograd, Republika Srbija

e-mail: salekg91@gmail.com

Binuklearni kompleks bakra(ll) dobijen je direktnom reakcijom bakar(ll)-
-nitrata trihidrata i bidentatnog liganda S-izobutenil derivata tiosalicilne kiseline u
molskom odnosu 1:2. Reakciona sme$a je zagrevana i meSana na magnetnoj meSalici
4 sata na 40°C. Tokom tog perioda smesi je dodavan vodeni rastvor litijum-hidroksida.
Dobijeni zeleni talog je filtriran, ispran vodom i susen na vazduhu. Kristali kompleksa
pogodni za rendgensku strukturnu analizu dobijeni su sporom prekristalizacijom nakon
nekoliko dana iz sistema DMSO-voda.

Kristalografski podaci: empirijska formula CagHss010CU2Ss, Mr = 1112,4, monokli-
ni¢ni kristalni sistem, prostorna grupa P24/n, veli¢ina kristala
0,37 x 0,22 x 0,10 mm, a = 10,8516(4), b = 10,2909(2), c = 24,7049(8) A,
B =100,417(3)°, V = 2891,4(2) A3, Z = 2, px= 1,361 g cm3, x = 1,066 mm~*. Kristalna
struktura je reSena metodom teskog atoma primenom SHELXS, a uta¢njena primenom
SHELXL programa: Ry = 0,0621, wR, = 0,1724, S = 1,028 za 302 parametara i 4578 ne-
zavisnih refleksija sa 1>20(1).

Slika 1. Kristalna stuktura binuklearnog kompleksa bakra(ll) sa S-izobutenil derivatom
tiosalicilne kiseline.
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Belgrade, PO Box 522, 11001 Belgrade, Republic of Serbia

e-mail: salekg91@gmail.com

The binuclear copper(ll)-complex was obtained by direct reaction of copper(ll)-
-nitrate trihydrate and bidentate ligand S-isobutenyl derivative of thiosalicylic acid in mo-
lar ratio 1:2. Reaction mixture was heated and mixed on a magnetic stirrer at 40°C for 4
hours. During this period water solution of lithium-hydroxide was added. The obtained
green precipitate was filtered, washed with water and air-dried. Crystals suitable for
X-ray measurements were obtained by slow crystallization from the system of
DMSO-water after few days.

Crystallographic data: empirical formula CasHss010Cu2Se, Mr = 1112.4, monoclinic
crystal system, space group P2i/n, crystal size 0.37 x 0.22 x 0.10 mm,
a = 10.8516(4), b = 10.2909(2), ¢ = 24.7049(8) A, f=100.417(3)°, V = 2891.4(2) A?,
Z=2,px=1.361gcm3 x=1.066 mm= Crystal structure was solved by heavy atom
method using SHELXS, and refined using SHELXL program: R; = 0.0621,
WR, = 0.1724, S = 1.028 for 302 parameters and 4578 independent reflections with
1>20(1).

Fig. 1. Crystal structure of binuclear copper(I1)-complex with S-isobutenyl derivative of
thiosalicylic acid.
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OEPOLEHOUNJIXHUAPA3ZOH
2-N-TO3UJIAMUMHOBEH3AJIAEXU/JIA: KPUCTAJIHA
CTPYKTYPA U KBAHTHO-XEMHNJCKHU TPOPAYYHU

L. D. Popov?, E. A. Raspopova?, S. I. Levchenkov!2, A. N. Morozov?,
I. N. Shcherbakov!, A. S. Burlov!, |G. G. Alexandrov?

!Faculty of Chemistry, Southern Federal University, Rostov-on-Don, Russia; 2Southern
Scientific Center of the Russian Academy of Sciences, Rostov-on-Don, Russia;
SKurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences,
Moscow, Russia

e-mail: el_ras@mail.ru

VY oBoM paay je cuHTeTHCaH (epoueHOMIXUapa3oH 2-N-To3umaMruHOOeH3aIIeX A
(1) u merosa cTpykTypa je oapeheHa peHAreHCKOM CTPYKTYpHOM aHauu3oM. OCHOBHHU
KpHcTanorpadcku mojaamu 3a jenumeme 1 cy: dpopmyna CosHasFeN3OzS, Mr = 501,37,
BenuuuHa kpucraia 0,33x0,11x0,09 mm, TpUKIMHUYHA KPUCTAJIHU CUCTEM, IPOCTOpPHA
rpyna P—1, a =9,4453(4) A, b = 11,6977(5) A, ¢ = 23,4047(11) A, o= 77,4728(7)°, B =
82,1968(7)°, y = 66,5253(7)°, V = 2311,93(18) A3, Z = 4, px =1,440 g/cm?, Ry = 0,0408 u
WR2 = 0,1191 3a 10491 ne3aBucHux pedaexcuja ca | > 25(1), Ry =0,0612 u wR, = 0,1362
3a cBux 28053 He3aBUCHUX peduiekcrja U 595 mapaMeTapa yraumaBama, S = 1,001. Ise
ocHOBHe Moryhe TayromepHe (opMe jenumerna 1 cy Xunpa3on u o-okcuasut. Pesynrarn
PEHATEHCKE CTPYKTYpPHE aHaJIu3e Cy T0Ka3aliH Ja ce Y jeJMHUYHOj henju MOHOKpUCTana
jenumema 1 Hamase aBa HesaBucHa Mosiekyiaa (A u B) y XHIpa30HCKO] TayTOMEPHO]
(opmu. KBaHTHO-XEMUjCKH NPOPAYYHHU €IIEKTPOHCKE M IPOCTOPHE CTPYKTYpE TayTOMEp-
HEUX (opmiu jenumema 1 va B3LYP/6-311+G(d,p) auBoy Teopuje y racHoj ¢as3u u 'y eta-
Hoay (PCM) cy mokasanu OJUIMYHO Cllarame ca pe3yaTaTiMa PeHITeHCKE CTPYKTYpPHE a-
HaJmse.
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FERROCENOYLHYDRAZONE OF
2-N-TOSYLAMINOBENZALDEHYDE: CRYSTAL STRUCTURE
AND QUANTUM-CHEMICAL CALCULATIONS

L. D. Popov?, E. A. Raspopova?, S. I. Levchenkov!2, A. N. Morozov?,
I. N. Shcherbakov!, A. S. Burlov!, |G. G. Alexandrov?

!Faculty of Chemistry, Southern Federal University, Rostov-on-Don, Russia; 2Southern
Scientific Center of the Russian Academy of Sciences, Rostov-on-Don, Russia;
SKurnakov Institute of General and Inorganic Chemistry, Russian Academy of Sciences,
Moscow, Russia

e-mail: el_ras@mail.ru

Ferrocenoylhydrazone of 2-N-tosylaminobenzaldehyde (1) was synthesized and its crystal
structure was determined by X-ray analysis. The main crystallographic data for compound
1 are: formula CzsH2sFeN3OsS, Mr = 501.37, crystal size 0.33x0.11x0.09 mm, crystal
system triclinic, space group P-1, a = 9.4453(4) A, b = 11.6977(5) A,
Z = 4, px =1.440 g/cm®, Ry = 0.0408 and wR, = 0.1191 for 10491 independent reflections
with | > 2s(l), R1 = 0,0612 and wR; = 0,1362 for all 28053 independent reflections and
595 refined parameters, S = 1,001. Compound 1 can exist in two main tautomeric forms:
hydrazone and a-oxyazine. Results of X-ray analysis showed that compound 1 exists in
the hydrazone tautomeric form in the crystal. The unit cell contains two independent mol-
ecules (A and B) with close geometric parameters. Quantum-chemical calculations of the
electronic and spatial structure of compound 1 tautomers at B3LYP/6-311+G(d,p) level
of theory in gas phase and ethanol (PCM) nicely agree with the results of X-ray analysis.
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KRISTALNE STRUKTURE (2-(PIRIDIN-2-1L)-1H-INDOL-
3-1L)(3,4,5-TRIMETOKSIFENIL)-METANONA (HL) | NJEGOVIH
KOMPLEKSA SA Cu(ll) 1 Pd(l1)

N. R. Filipovi¢!, A. S. MaleSevié?, T. R. Todorovié¢?, O. R. Klisuri¢®

Poljoprivredni fakultet, Univerzitet u Beogradu, Nemanjina 6, Beograd — Zemun; 2He-
mijski fakultet, Univerzitet u Beogradu, Studentski trg 12-16, Beograd; Prirodno-mate-
maticki fakultet, Univezitet u Novom Sadu, Trg Dositeja Obradoviéa 3, Novi Sad

e-mail: nenadf.chem@gmail.com

Novi kompleksi Cu(ll) i Pd(I1) sa 2-(2’-piridil)-indolskim ligandom HL, modifikova-
nim dodatkom 3,4,5-trimetoksibenzoil grupe, sintetisani su sa ciljem dobijanja bioloski
aktivnih kompleksa prelaznih metala. Kompleksi su sintetisani reakcijom HL sa
CuCl,-2H0, odnosho [PACI>(CH3CN)2]. HL i kompleksi
[CuzL2Cl2(DMSO),] i [PAL(HL)CI] su dobijeni u vidu monokristala i njihova struktura je
resena rendgenskom strukturnom analizom. Kompleks Cu(ll) je centrosimetri¢ni dimer sa
kvadratno-piramidalnim okruzenjem oko oba metalna centra, dok je kompleks Pd(I1) kva-
dratno-planarne geometrije. Molekulske strukture liganda HL i kompleksa prikazane su
na Slici 1. Kristalno pakovanje HL i njegovih kompleksa je zasnovano na vodoni¢nim
vezama i t—r steking interakcijama.

Osnovni kristalografski podaci: HL, C23H20N204, Mr = 388,41, ortorombic¢ni sistem,
prostorna grupa Pbca, a = 12,861(5), b = 16,810(5), ¢ = 18,764(5) A,
V = 4057(2) A3, Z = 8, p = 1,272 g cm®, uta¢njavanje sa F? (270 parametra) dalo je
R =0,0681, wRz = 0,1092, S = 1,040 za sve podatke i Ry = 0,0458 za 2629 refleksija sa
I > 206(1). [CuzL2Cl(DMSO0);], C25H25CICUN20sS, Mr = 564,52, triklini¢ni sistem, pro-
storna grupa P -1, a = 7,7503(4), b = 12,0523(7), ¢ = 13,6355(8) A, a = 83,347(5),
B =81,711(5), y = 89,180(4)°, V = 1251,88(12) A3, Z = 2, p = 1,498 g cm 3, uta¢njavanje
sa F? (338 parametra) dalo je Ry = 0,0485, wR, = 0,0934, S = 1,053 za sve podatke i R; =
0,0402 za 3839 refleksija sa I >  20(l). [PAL(HL)CI], CasH3sCIN4OgPd,
Mr = 917,66, monoklini¢ni sistem, prostorna grupa P2i/n, a = 11,8254(2),
b = 14,7137(2), ¢ = 23,3483(4) A, p = 104,498(2)°, V = 3933,13(11) A3, Z = 4,
p = 1,550 g cm3, uta¢njavanje sa F? (567 parametra) dalo je R, = 0,0396, wR, = 0,0818,
S =1,051 za sve podatke i Ry = 0,0307 za 5884 refleksijasa |l > 24(1).

Slika 1. Molekulske strukture HL (a), [CusLoCly(DMSO),] (b) i [PAL(HL)CI] (c).
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CRYSTAL STRUCTURES OF (2-(PYRIDINE-2-YL)-1H-INDOL-
3-YL)(3,4,5-TRIMETHOXYPHENYL)-METHANONE (HL) AND
ITS Cu(l1) AND Pd(I1) COMPLEXES

N. R. Filipovi¢!, A. S. MaleSevié?, T. R. Todorovié¢?, O. R. Klisuri¢®

Faculty of Agriculture, University of Belgrade, Nemanjina 6, Belgrade — Zemun; 2Faculty
of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade; Faculty of Scien-
ces, University of Novi Sad, Trg Dositeja Obradoviéa 3, Novi Sad

e-mail: nenadf.chem@gmail.com

Novel Cu(ll) and Pd(Il) complexes with 2-(2’-pyridyl)-indole ligand HL, modified with
3,4,5-trimethoxybenzoyl group, were synthesized with the aim of getting biologically ac-
tive transition metal complexes. The complexes were synthesized by the reaction of HL
with CuCl;-2H,O and [PdCI(CH3CN),]. Single crystals of HL and complexes
[CuzL2Cl2(DMSO),] and [PAL(HL)CI] were obtained and their structures were determined
by X-ray diffraction analysis. Cu(ll) complex is a centrosymmetric dimer with square-
pyramidal geometry around both metal centers, while Pd(Il) complex has square-planar
geometry. Molecular structures of HL and complexes are given in Fig. 1. Crystal packings
of HL and its Pd(II) and Cu(II) complexes are based on hydrogen bonds and n—r stacking
interactions.

The main crystallographic data: HL, Ca3H20N204, Mr = 388.41, orthorhombic system,
space group Pbca, a = 12.861(5), b = 16.810(5), ¢ = 18.764(5) A,
V = 4057(2) A3, Z = 8, p = 1.272 g cm™3, refinement on F? (270 parameters) yielded
R; = 0.0681, wR, = 0.1092, S = 1.040 for all data, and Ry = 0.0458 for 2629 observed
reflections with | > 24(1). [CuzL2Cl2(DMSO0);], C2sH2sCICUN20sS, Mr = 564.52, triclinic
system, space group P -1, a = 7.7503(4), b = 12.0523(7), ¢ = 13.6355(8) A,
o =83.347(5), f= 81.711(5), y = 89.180(4)°, V = 1251.88(12) A%, Z =2, p = 1.498 g cm™
3, refinement on F? (338 parameters) yielded R; = 0.0485, wR, = 0.0934, S = 1.053 for all
data, and Ry = 0.0402 for 3839 for observed reflections with I > 24(1). [PAL(HL)CI],
CusH39CIN4OgPd, Mr = 917.66, monoclinic system, space group P2i/n, a = 11.8254(2), b
= 14.7137(2), ¢ = 23.3483(4) A, = 104.498(2)°, V = 3933.13(11) A%, Z =4, p = 1.550
g cm3, refinement on F? (567 parameters) yielded R; = 0.0396, wR, = 0.0818, S = 1.051
for all data, and R; = 0.0307 for 5884 observed reflections with | > 24(1).

Fig. 1. Molecular structures of HL (a), [Cu,LCl,(DMSO),] (b) and [PdL(HL)CI] (c).
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KRISTALOGRAFSKO | KVANTNO-HEMIJSKO ISPITIVANJE
KOMPLEKSA METALA SA AMINO DERIVATIMA

Lj. Surudié, G. Janjié, Z. Sandi¢, B. Ekmesci¢, A. Nastasovié¢

Institut za Hemiju, Tehnologiju i Metalurgiju, Univerzitet u Beogradu, Njegoseva 12, Be-
ograd, Srbija;
e-mail: ljilja_m@yahoo.com

Makroporozni umrezeni kopolimeri poli(GMA-co-EGDMA), modifikovani sa eti-
lendiaminom (en), dietilentriaminom (deta) i trietilentetraaminom (teta) korisc¢eni su za
uklanjanje teskih i plemenitih metala iz vodenih rastvora. Sorpcija metala (Cu(ll), Cd(lI)
i Ni(I)) na amino-funkcionalizovanim poli(GMA-co-EGDMA) zavisi od poroznosti, ve-
li¢ine Cestica i tipa liganada kojima je kopolimer modifikovan [1].

Da bismo objasnili uticaj tipa liganda na sorpciju metala uradeni su ab initio proracuni
za konstante formiranja kompleksa metala,K. Model sistemi kompleksa metala dobijeni
su analizom kristalnih struktura ekstrahovanih iz Kembri¢ke baze strukturnih podataka
(CSD).Nag¢ini koordinovanja liganada, nastalih u reakciji otvaranja epoksidnog prstena
kopolimera pomocu en, deta i teta, su takode ispitani. Statisticka studija kristalnih struk-
tura pokazala je da kompleksi Cu(Il) imaju naj¢e$¢e koordinacioni broj 5, kompleksi
Ni(Il) koordinacioni broj 6, dok kompleksi Cd(ll) imaju koordinacioni broj 8.Rezultati
proracuna su pokazali odli¢no slaganje sa podacima dobijenim iz kristalnih struktura; naj-
stabilniji izomeri kompleksametala su najzastupljeniji u kristalnim strukturana (na slici
ispod su prikazani najstabilniji izomeri kompleksi Cu(ll)).Izra¢unate konstatne formiranja
kompleksa mogu da objasne i selektivnost modifikovanih kopolimera ka odredenim me-
talima.

P—O—CH;— GH — CH, + RNH;—> P — O— CH;—CH—NHR
0] OH

en OH deta_OH teta OH

[1] Lj. Malovi¢, A. Nastovi¢, Z. Sandi¢, J. Markovi¢, D. Pordevi¢, Z. Vukovi¢, J.Ma-
ter.Sci, 42 (2007) 3326-3337.
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CRYSTALLOGRAPHIC AND QUANTUM-CHEMICAL STUDY
OF THE METAL COMPLEX WITH AMINO DERIVATIVES

Lj. Surudié, G. Janjié, Z. Sandi¢, B. Ekmesci¢, A. Nastasovié¢

Institute of Chemistry, Technology and Metallurgy Belgrade, University of Belgrade, Nje-
goseva 12, Belgrade, Serbia
e-mail: ljilja_m@yahoo.com

Macroporous crosslinked poly(GMA-co-EGDMA) with attached ethylene diamine (en),
dietylene triamine (deta) and triethylene tetramine (teta) was used for the removal of heavy
and precious metals from aqueous solutions. The sorption of metals (Cu(ll), Cd(ll), and
Ni(Il))onto amino-modified poly(GMA-co-EGDMA) depends on porosity of amino-
functionalized samples, particle size, and type of ligand [1].

To explain the effect of ligand type on the sorption of metals ab initio calculations of
formation constantsfor metal complexes, K, were performed. Model systems of metal
complexes were obtained by analyzing the crystal structure extracted from the Cambridge
Structural Database (CSD). The coordination pattern of ligandsgenerated by ring-opening
reaction of the copolymer epoxy groups with en, deta, teta were also studied.Statistical
studies showed that in most of crystal structures complexes of Cu(l1) usually have coordi-
nation number 5, coordination number of Ni(ll) complex is 6, while for Cd(Il) complexes
the most common coordination numbers is 8.The results of calculation showed a excellent
agreement with the data obtained from the crystal structure; the most stable isomers of
metal complexes are most numerous in crystal structures. (the most stable isomers of of
Cu(Il)complexes are show below). Stability constants of metal complexes also can explain
the selectivity of modified copolymer to certain metals.

P—O—CH;— CH — CH, + RNH;— P —O— CH;—CH—NHR
0 OH

en OH deta_OH teta OH

[1] Lj. Malovi¢, A. Nastovi¢, Z. Sandi¢, J. Markovi¢, D. Pordevi¢, Z. Vukovi¢, J.Ma-
ter.Sci, 42 (2007) 3326-3337.
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DVA POLIMORFA BINUKLEARNOG KOMPLEKSA BAKRA(II)
SA S-PROPIL DERIVATOM TIOSALICILNE KISELINE

A. Bukonji¢!, D. Tomovi¢!, A. Kodovi¢!, M. Nikoli¢!, M. Mijajlovi¢!, V. Jevti¢?,
Z. Ratkovi¢?, G. Bogdanovi¢?, S. Novakovi¢?, S. Trifunovié?, G. Radi¢!

!Fakultet medicinskih nauka, Univerzitet u Kragujevcu, Svetozara Markoviéa 69, 34000
Kragujevac, Republika Srbija; 2Institut za hemiju, Prirodno-matematicki fakultet, Radoja
Domanoviéa 12, 34000 Kragujevac, Republika Srbija; 3Institut za nuklearne nauke Vinca,
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e-mail: andriana.bukonjic@hotmail.com

Navedeni kompleks bakra(ll) dobijen je direktnom reakcijom bakar(Il)-nitrata tri-
hidrata i S-propil derivata tiosalicilne kiseline u molskom odnosu 1:2. Reakciona smesa
zagrevana je i meSana magnetnom mesalicom 4 sata na 40°C. Tokom tog perioda smesi
je dodavan vodeni rastvor litijum-hidroksida. Dobijeni zeleni talog je filtriran, ispran vo-
dom i susen na vazduhu. Kristali kompleksa pogodni za rendgensku strukturnu analizu
dobijeni su sporom prekristalizacijom nakon nekoliko dana iz sistema
DMSO-voda.

Kristalografski podaci za polimorf 1: empirijska formula CasHs6Cu2010Se,
M, = 1064,33, ortorombiéni Kristalni sistem, prostorna grupa Pccn, A(A) =0,71073, veli-
¢ina kristala 0,50 x 0,22 x 0,15 mm, a = 23,6914(6), b = 20,7787(5),
€ =10,1062(2) A, V = 4975,0(2) A3, Z = 4, «=1,159 mm. Kristalna struktura je resena
metodom teskog atoma primenom SHELXS, a utacnjena pomocu programa SHELXL:
R; = 0,0508, wR; = 0,1406 za 5985 nezavisnih refleksija.

Kristalografski podaci za polimorf 2: empirijska formula CasHssCu2010Ss,
M, = 1064,33, ortorombiéni Kristalni sistem, prostorna grupa P212:2, A(A) =0,71073, ve-
licina kristala 0,32 x 0,25 x 0,14 mm, a = 22,7327(6), b = 20,8660(4),
¢ =10,4130(2) A,V =4939,31(2) A%, Z =4, u = 1,168 mm™*. Kristalna struktura je reSena
metodom teskog atoma primenom SHELXS, a uta¢njena pomocu programa SHELXL: Ry
=0,0482, wR, = 0,0662, za 9615 nezavisnih refleksija.

s1d
: ) Yfced
6 rb)/\ czcl s 3cma ‘ 3
C10d/€,;‘<\ Cod cwud
‘ &g},_éqcsc

Csc

Slika 1. Struktura pollmorfa 1 i 2 binuklearnog kompleksa bakra(ll) sa
S-propil derivatom tiosalicilne kiseline
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TWO POLYMORPHS OF BINUCLEAR COPPER(Il) COMPLEX
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The titled copper(ll)-complex was obtained by direct reaction of copper(ll)-
-nitrate trihydrate and S-propyl derivative of thiosalicylic acid in molar ratio 1:2. Reaction
mixture was heated and mixed on a magnetic stirrer at 40°C for 4 h. During this period
water solution of lithium-hydroxide was added. The obtained green precipitate was filte-
red, washed with water and air-dried. Crystals suitable for X-ray measurements were obta-
ined by slow crystallization from the DMSO-water system after few days.

Crystallographic data for polymorph 1: empirical formula CasHs6Cu2010Ss,
M, = 1064.33, orthorhombic crystal system, space group Pccn, A(A) = 0.71073 A, crystal
size 0.50 x 0.22 x 0.15 mm, a = 23.6914(6), b = 20.7787(5), ¢ = 10.1062(2) A,
V = 4975.0(2) A3, Z = 4, u = 1.159 mm*. Crystal structure was solved by heavy atom
method using SHELXS and refined using SHELXL program: R; = 0.0508, wR2 = 0.1406
for 5985 independent reflections.

Crystallographic data for polymorph 2: empirical formula CasHs6Cu2010Ss,
M, = 1064.33, orthorhombic crystal system, space group P2;2:2, A(A) = 0.71073, crystal
size 0.32 x 0.25 x 0.14 mm, a = 22.7327(6), b = 20.8660(4), ¢ = 10.4130(2) A,
V =4939.31(2) A%, Z = 4, u = 1.168 mm . Crystal structure was solved by heavy atom
method wusing SHELXS and refined using SHELXL program: R; = 0.0482,
WR2 = 0.0662 for 4590 independent reflections.
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Fig. 1. Structures of polymorphs 1 and 2 of binuclear copper(ll) complex with S-propyl
derivative of thiosalicylic acid.
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SINTEZA | KARAKTERIZACIJA PENTAGONALNO-BIPIRAMI-
DALNOG KOMPLEKSA Zn(Il) SA
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HIDRAZONOM)
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K. Andelkovié!

IHemijski fakultet, Univerzitet u Beogradu, Studentski trg 12-16, Beograd, Srbija; 2Fakul-
tet za hemiju i hemijsku tehnologiju, Univerzitet u Ljubljani, Vecna pot 113, 1000 Ljub-
ljana, Slovenija; 3Institut za hemiju, tehnologiju i metalurgiju, Univerzitet u Beograd, Nje-
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Pentagonalno-bipirimidalni izotiocijanato kompleks Zn(1l)
[ZnH2L][Zn(NCS)4]-2H,0 (1) sa kondenzacionim proizvodom 2,6-diacetilpiridina i Zira-
rovog T reagensa (H:LCl,) dobijen je direktnom sintezom liganda, ZnCl,-2H,0 i
NH.SCN u molskom odnosu 1 : 1 : 4. Jonsko jedinjenje 1 sastoji se iz anjonske i katjonske
kompleksne vrste. Katjonska vrsta se sastoji iz pentadentatno koordinovanog liganda HzL
koji oko Zn(II) formira ¢etiri peto¢lana prstena. Preostala dva koordinaciona mesta zauzi-
maju SCN- ligandi, tako grade¢i iskrivljenu pentagonalno-bipirimidalnu geometriju oko
centralnog metalnog jona. Anjonsku vrstu ¢ini tetraedarski anjonski kompleks
[Zn(NCS),]?. Podaci kristalne strukture za 1: C2sH37N1304SeZn2, My = 906,78, sistem mo-
nokliniéni, prostorna grupa P2:1/n, a = 20,8497(3), b = 9,11020(10), ¢ = 20,9695(2) A, S =
90,7865(11)°, V =3982,68(8) A%, Z = 4, D, = 1,512 g cm3. Ukupno je prikupljeno 14986
refleksija, od kojih je nezavisnih bilo 7812, a posmatrano 6860 [I > 2¢(1)]. Struktura je
reSena direktnom metodom pomoé¢u SHELXS-97, a uta¢njena metodom najmanjih kva-
drata baziranoj na F? pomoéu SHELXL-97. Svi ne-vodoni¢ni atomi uta¢njeni su ani-
zotropno. Svi vodonici vezani za atome ugljenika su uklju¢eni u model, njihovi polozaji
su geometrijski proracunati i uta¢njeni primenom jasuc¢eg modela. Svi N-H vodonici i
vodonici molekula kristalne vode su pronadeni u diferentnim mapama i uta¢njeni DFIX
fiksiranjem duzine veze N-H = 0,88 i O—H = 0,96 0dnosno Uiss(N) = 1,2Ueq(N) i Uiso(O)
= 1,5U¢q(O). Konacni R faktor iznosi Ry = 0.0409 [I > 24(1)], odnosno wR» = 0.1132 (svi
podaci).

XXl Kondepenuuja Cprickor KpucTanorpagckor ApyITsa



Poster Presentations 55

SYNTHESIS AND CHARACTERIZATION OF PENTAGONAL-
BIPYRIMIDAL Zn(11) COMPLEX WITH
2,6-DIACETYLPYRIDINE BIS(TRIMETHYLAMMONIUMACE-
TOHYDRAZONE)
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K. Andelkovié!

!Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, Belgrade, Serbia;
2Faculty of Chemistry and Chemical Technology, University of Ljubljana, Vecna pot 113,
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of Belgrade, Njegoseva 12, P.O. Box 815, 11000 Belgrade, Serbia
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Pentagonal-bypiramidal isothiocyanato complex of Zn(Il) [ZnH2L][Zn(NCS)4]-2H20 (1)
with condensation product of 2,6-diacetylpyridine and Girard's T reagent (H2LCl,) was
prepared using direct method of synthesis in the reaction of the ligand, ZnCl,-2H,0 and
NH4SCN in molar ratio 1: 1 : 4. The compound 1 consists of cationic and anionic complex
species. The cationic part possesses the pentadentate Hz:L ligand coordinated to the
zinc(ll) thus forming four fused five membered chelate rings. Two additional SCN- li-
gands fulfill the coordination number seven forming distorted pentagonal-bipyramidal
coordination geometry. The anionic part is tetrahedral complex anion [Zn(NCS)]*.
Crystal data of 1: CzsH37N1304SeZn,, My = 906.78, monoclinic, space group P2i/n,
a = 20.8497(3), b = 9.11020(10), ¢ = 20.9695(2) A, B = 90.7865(11)°,
V =3982.68(8) A%, Z = 4, D, = 1.512 g cm™. A total of 14,986 reflections were measured,
7812 were independent and 6860 [I > 20(l)] were considered as observed. The structure
was solved by direct methods using SHELXS-97 and refined with full-matrix least-squa-
res procedure based on F? using SHELXL-97. All non-hydrogen atoms were refined ani-
sotropically. All hydrogen atoms bonded to carbon were included in the model at geome-
trically calculated positions and refined using a riding model. The N-bound hydrogen a-
toms and water hydrogen atoms were located in a difference map and refined using
distance restraints (DF1X) with N-H = 0.88 or O—H = 0.96 and with Uiso(N) = 1.2Ueq(N)
or Uiso(O) = 1.5Ucq(O), respectively. The final R indices Ry = 0.0409 [I > 24(1)] and wR>
= 0.1132 (all data) were found.
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KRISTALNE STRUKTURE PRVIH KOMPLEKSA
KOBALTA(I1) SA TIOSEMIKARBAZONOM METILPIRUVATA

V. S. Miskov, M. V. Rodi¢, Lj. S. Vojinovié-Jesié¢, V. M. Leovac

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

U ovom radu date su strukture dva bis(ligand) kompleksa kobalta(ll) sa tiosemikarba-
zonom metilpiruvata (HL), koordinacionih formula [Co(HL)2]Br2-(CHs),CO (1) i
[Co(HL)2][CoCl4] (2), koji istovremeno predstavljaju i prve komplekse ovog metala sa
navedenim ligandom. Kompleksi su dobijeni reakcijom acetonskih rastvora CoBr,-6H,0
ili CoCl-6H,0 i liganda HL ne samo u molskom odnosu 1:2, nego i u odnosu 1:1, na
sobnoj temperaturi. Kristalna struktura kompleksa je izgradena od dikatjona [Co(HL)2]%*,
Br~ i molekula acetona u slu¢aju kompleksa 1, odnosno dikatjona i anjona [CoCls]* u
slu¢aju kompleksa 2. Ligand se koordinuje u neutralnoj formi kao ONS tridentat, preko
atoma kiseonika estarske i atoma azota azometinske grupe, te atoma sumpora i na taj na¢in
nastaju dva petoclana metalocikla. U kompleksima oba liganda se nalaze u mer-konfigu-
raciji. Atom kobalta se nalazi u jako deformisanom oktaedarskom okruZenju, na $ta uka-
zuju vrednosti uglova S1A-Col-Ol1A i S1B-Col-O1B koji iznose 145,57(5)° i
155,94(4)° za (1), odnosno 152,26(5)° 1 156,01(5)° za (2). Rastojanja kobalt—atom ligator
su u opsegu 2,075(16)—2,392(6) A kod (1), odnosno 2,077(2)-2,393(8) A kod (2), pri
¢emu najduzu vezu gradi atom sumpora, a najkra¢u azometinski azot.

[Co(HL),]Br,(CH3).CO (1) [Co(HL):[CoCL] (2)

Difrakcioni podaci su prikupljeni na Gemini S difraktometru (Oxford Diffraction) ko-
ri$¢enjem MoKa zracenja. Strukture su reSene pomoc¢u programa SHELXT i uta¢njene me-
todom najmanjih kvadrata pomoc¢u programa SHELXL-2014.

Kristalografski podaci:

(1): Ci3H24BroCoNeOsS, | My = 627,23, triklini¢ni sistem, P1, a = 10,3796(3) A,
b = 10,9107(4) A, ¢ = 12,5905(5) A, @ = 101,435(3)°, # =101,558(3)° y = 115,576(3)°,
V =1192,86(8) A%, Z=2,R=0,0274 , S = 1,023, 286 parametara, 5636 refleksija;

(2): CioH18Cl4C02N604S2, M = 610,08, ortorombicni sistem, Pccn, a = 14,8546(3) A,
b =19,6095(4) A, ¢ = 18,0338(5) A, V = 5253,1(2) A%, Z=8, R =0,0373, S = 1,018, 257
parametara, 6243 refleksija.
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CRYSTAL STRUCTURE OF THE FIRST COBALT(11)
COMPLEXES WITH METHYL PYRUVATE
THIOSEMICARBAZONE

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

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

Here we present the structure of two bis(ligand) complexes of cobalt(ll) with methyl py-
ruvate thiosemicarbazone of the coordination formula [Co(HL).]Br.:(CHs).CO (1) and
[Co(HL),][CoCl4] (2), which also represent the first complexes of this metal with the cited
ligand. By reaction of CoBr,-6H,0 and CoCl»-6H,0, respectively, with ligand HL in ace-
tone, complexes 1 and 2 are obtained not only in the 1:2 molar ratio, but also in 1:1 molar
ratio, at room temperature. Crystal structure consists of dication [Co(HL),]?*, Br~ and
acetone as solvate in the case of complex 1, and of [Co(HL).]** and complex anion
[CoCl4]* in complex 2. Ligand is coordinated in a neutral form as ONS tridentate, via
carbonyl oxygen, azomethine nitrogen and sulfur atom. Such coordination results in for-
mation of two five-membered metallocycles. In both complexes the two ligands are in the
mer-configuration. The cobalt(ll) is situated in a strongly deformed octahedral environ-
ment, as indicated by angle values S1IA-Col-Ol1A and S1B-Co0l-O1B which are
145.57(5)° and 155.94(4)° for (1), and 152.26(5)° and 156.01(5)° for (2), respectively.
Cobalt(I1)-ligand bonds are in the range from 2.075(16) to 2.392(6) A for 1, and from
2.077(2) to 2.393(8) A for 2, where the longest bond is built with sulfur atom and the
shortest one with azomethine nitrogen.

[Co(HL)2]Br:(CH3)>CO (1) [Co(H L)z][CoCI'4] )

The data were collected on a Gemini S diffractometer (Oxford Diffraction) using MoK«
radiation. The structures were solved using SHELXT and refined by full matrix least square
methods on F? using SHELXL-2014.

Crystallographic data:

(l): C13H24BI'2CON50582 ; Mr = 627.23, triclinic, PI, a = 10.3796(3) A,
b =10.9107(4) A, ¢ = 12.5905(5) A, o= 101.435(3)°, f =101.558(3)°, y = 115.576(3)°, V
=1192.86(8) A%, Z=2,R =0.0274, S = 1.023, 286 parameters, 5636 reflections;

(2): CioH1sClsC0o2N604S,, My = 610.08, orthorhombic, Pccn, a = 14.8546(3) A,
b=19.6095(4) A, c = 18.0338(5) A, V =5253.1(2) A%, Z=8, R =0.0373, S = 1.018, 257
parameters, 6243 reflections.
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KRISTALNA STRUKTURA BAKAR(I1)-KOMPLEKSA SA
2-(2-FENIL-TIAZOL-4-ILMETILSULFANIL)-ETILAMINOM

J. M. Vuji¢!, A. Hatzidimitriou?, S. R. Trifunovi¢®, A. Geronikaki*,
D. Papagiannopoulou®

Ugronomski fakultet, Univerzitet u Kragujevcu, Cara Dusana 34, 32 000 Cacak,
Republika Srbija; 2Institut za neorgansku hemiju, Hemijski fakultet, Prirodno-matematicki
fakultet, Aristotel univerzitet u Solunu, 54124, Solun, Gréka; SInstitut za hemiju, Prirodno-
matematicki fakultet, Univerzitet u Kragujevcu, Radoja Domanoviéa 12, 34 000 Kraguje-
vac, Republika Srhija; “Katedra za farmaceutsku hemiju, Institut za farmaciju, Fakultet
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e-mail: jelenav@kg.ac.rs

Novi bakar(Il)-kompleks sa 2-(2-fenil-tiazol-4-ilmetilsulfanil)-etilaminom (L), for-
mule CuCl,L., sintetisan je i njegova kristalna struktura prikazana je na slici 1. Kompleks
je sintetisan u reakciji bakar(ll)-hlorida sa ligandom L u metanolu nakon mesanja 5 h.
Zelenkasti kompleks u ¢vrstom stanju izolovan je filtriranjem, ispran vodom i osusen na
sobnoj temperaturi. Zeleni monokristali CuCl,L,, pogodni za rendgensku strukturnu ana-
lizu, dobijeni su sporom prekristalizacijom iz smese etar/metanol. Difrakcioni podaci su
sakupljeni na sobnoj temperaturi na Bruker Kappa Apex 2 difraktometru opremljenim tri-
jumf monohromatorom. Jedinjenje je okarakrerisano na osnovu IC spektroskopije i ren-
dgenske strukturne analize.

Kristalografski podaci: C24H2sCl2CuN4Ss; M, = 635,23, monoklini¢an sistem, prostorna
grupa P2i/c, veli¢ina kristala 0,17 x 0,16 x 0,06 mm®, a =19,911(11), b=8,771(4),
c=8,088(4) A, f=93,416(15) °, V = 1409,9(12) A3 Z = 2, F(000) = 654, u = 1,282 mm-
1, Dx=1,496 gcm=. Uta¢njavanje sa F> (160 parametara) dalo je R=0,0470 i
WR = 0,1012 za 1881 refleksija, S = 1,00.

Slika 1. Kristalna struktura CuCl,L,
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CRYSTAL STRUCTURE OF COPPER(I1) COMPLEX WITH
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blic of Serbia; 2Department of Inorganic Chemistry, School of Chemistry, Faculty of Sci-
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A new copper(ll) complex with 2-(2-phenyl-thiazol-4-ylmethylsulfanyl)-ethylamine (L),
with formula CuCl,L,, was synthesized and its crystal structure is given herein (Fig. 1).
The complex was prepared by reaction of copper(ll) chloride with L in methanol after
stirring for 5 h. The greenish solid complex was isolated by filtration, washed with water
and dried at room temperature. Deep green single crystals of CuCl,L; suitable for X-ray
measurements were obtained by slow recrystallization from ether/methanol mixture.
Diffraction data were collected at ambient temperature on a Bruker Kappa Apex 2 diffra-
ctometer equipped with a triumph monochromator. Compound has been characterized on
the basis of IR spectroscopy and X-ray crystal structure analysis.

Crystallographic data: C24H2sCl2.CuN4Ss; M; = 635.23, monoclinic, space group P2i/c,
crystal size 0.17 x 0.16 x 0.06 mm®, a=19.911(11), b=8.771(4), c=8.088(4) A,
p=93.416(15)°, V=1409.9(12) A, Z=2, F(000)=654, p=1.282mm7,
Dy =1.496 gcm3. The refinement on F?> (160 parameters) yielded R =0.0470 and
wR = 0.1012 for 1881 refelections, S = 1.00.

Fig. 1. Crystal structure of CuCl,L,
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KRISTALNA STRUKTURA KOMPLEKSA KOBALTA(II) SA
2,2’-BIPIRIDINOM | ANJONOM MELITNE KISELINE

L. Radovanovi¢!, J. Rogan?, D. Poleti?

Ynovacioni centar Tehnolosko-metalurskog fakulteta, Univerzitet u Beogradu, Karnegi-
jeva 4, 11000 Beograd, Srbija; 2Tehnolosko-metalurski fakultet, Univerzitet u Beogradu,
Karnegijeva 4, 11000 Beograd, Srbija

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

Zbog postojanja velikog broja atoma kiseonika, benzenheksakarboksilna ili melitna
kiselina (Hsmell) je fascinantan polikarboksilatni ligand za sintezu visoko umrezenih ko-
ordinacionih jedinjenja [1]. Reakcijom izmene liganada izmedu Co(NO3), Nagmell i 2,2’-
bipiridina (bipy) dobijeno je koordinaciono jedinjenje formule
{[Co(bipy)(H20)4][C02(H20)a(mell)]-5H2O}n. Analiza kristalne strukture pokazala je da
se strukturni fragment kompleksa (slika 1) sastoji od dva nezavisna dela. Kompleksni
katjon sadrzi jon Co(ll) za koji je helatno koordiniran ligand bipy i Cetiri molekula vode.
Polimerni kompleksni anjon takode sadrzi jone Co(ll) koordinirane sa po dva molekula
vode i premo$éene anjonima mell®-. Osim toga, u kristalnoj redetki postoji jo§ pet nekoor-
diniranih molekula vode.

Jon mell® je centrosimetrican, bis-helatni i ima &etiri monodentatno koordinirane
COO-grupe, dok dve COO-grupe ostaju slobodne. Kompleksni anjoni povezani su u
cik-cak lanac koji se pruza duz pravca [100] (slika 2). U oba dela, koordinaciona geome-
trija oko Co(ll)-jona moze se opisati kao oktaedarska i ona obuhvata Cetiri
O-atoma iz Cetiri COO-grupe i dva O-atoma iz dva molekula vode u slu¢aju anjonskog
dela, a dva N-atoma iz bipy i Cetiri O-atoma iz Cetiri molekula vode koji pripadaju
katjonskom delu kompleksa. Piridinski prstenovi liganda bipy skoro su koplanarni, sa di-
edarskim uglom od samo 4,4(1) °.

Mreza vodoni¢nih veza obuhvata sve molekule vode i sve COO-grupe, $to dovodi do
formiranja sloZene trodimenzionalne strukture. Izmedu naizmeni¢no postavljenih liga-
nada bipy postoje jake ,.face to face* z-z interakcije sa Cg:--Cg rastojanjima 3,529(2) i
3,589(2) A, koje dodatno stabilizuju kristalnu strukturu kompleksa.

\I:G -.. :
Slika 1. Strukturni fragment kompleksa {[Co(bipy)(H20)4][C02(H20)4(mell)]-5H2O}n

Kristalografski podaci: Cz2HssC0sN4Osz, M, = 1185,60, triklini¢ni sistem, prostorna grupa
P1,a=8522(2), b=11,840(2), c = 12,201(2) A, a = 83,01(3), = 74,20(3), y = 77,47 (3) °,
V =1153,8(4) A3, Z =2, F(000) = 613, px = 1,706 g cm™3, u(MoKa) = 1,174 mm*, Uta¢njava-
nje sa F (386 parametara) dalo je R; =0,0514, wR, =0,1169, S=1,053 za sve podatke, i
R1 =0,0434 za 3788 refleksija sa | > 24(1).

[1] M.Y. Li, S.C. Sevov, CrystEngComm, 15 (2013) 1225-1234.
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2,2’-BIPYRIDINE AND ANION OF MELLITIC ACID
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Due to the large number of oxygen atoms, benzenehexacarboxylic or mellitic acid (Hsmell)
is a fascinating polycarboxylate ligand for the synthesis of multidimensional coordination
frameworks [1]. Starting from Co(NOs)2, Nasmell and 2,2’-bipyridine (bipy), we have
prepared a coordination compound with the formula
{[Co(bipy)(H20)4][Coz(mell)(H20)4]-5H2O}n by ligand exchange reaction. The crystal
structure analysis revealed that structural fragment (Fig. 1) consists of two independent
parts. Complex cation includes Co(ll) ion with chelately coordinated bipy ligand and four
water molecules. The polymeric complex anion also comprises of Co(ll) ions, but
coordinated with two water molecules and bridged by mell® anions. In addition, there are
five lattice water molecules.

Mell®- is a centrosymmetric ligand, coordinated as bis-chelate with four monodenately
coordinated COO groups, while two COO groups are uncoordinated. Complex anions are
connected into the zigzag chain  running along [100] direction
(Fig. 2). In both parts, the coordination geometry around Co(ll) atoms can be described as
octahedral comprised of four O atoms from two COO groups and two O atoms from two
water molecules in the anionic part, and two N atoms from bipy and four O atoms from
four water molecules belonging to the cationic part of the complex. The pyridyl rings of
bipy are almost coplanar with dihedral angle of only 4.4(1) °.

The network of hydrogen bonds involves all water molecules and all COO groups,
resulting in a very complex three-dimensional framework. The crystal structure is further
stabilized by strong face to face n-x interactions between alternating bipy ligands at
Cg---Cg distances of 3.529(2) and 3.589(2) A.

Fig. 2. The zigzag chain of the complex anions

Crystal data: CsHssC0sN4Oz, M, =1185.60, triclinic, P1, a=8.522(2), b=11.840(2),
c=12201(2) A, «=83.01(3), B=74.20(3), y=77.47 (3)°, V=1153.8(4) A3, Z=2,
F(000) = 613, px = 1.706 g cm3, z(MoKa) = 1.174 mm L. The refinement on F? (386 parame-
ters) yielded R; = 0.0514, wR, = 0.1169, S = 1.053 for all data, and R; = 0.0434 for 3788 ob-
served reflections with 1 > 24(1).

[1] M.Y. Li, S.C. Sevov, CrystEngComm, 15 (2013) 1225-1234.
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SINTEZA | KARAKTERIZACIJA PENTAGONALNO
BIPIRAMIDALNIH KOMPLEKSA Fe(l1l) SA
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Beogradu, Studentski trg 12-16, Beograd, Srbija
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U templatnoj kondenzacionoj reakciji 2,6-diacetilpiridina i Zirarovog T reagensa u pri-
sustvu Fe(111) i amonijum tiocijanata dobijeni su [Fe2(L)2(NCS)4] [Fe(NCS)s(H20)]-4H,0
(1) i [Fe(L)(NCS)2]SCN-2H,0 (2) kompleksi u kristalnoj formi iz istog mati¢nog rastvora
i okarakterisani pomoc¢u rendgenske strukturne analize. Strukturnu jedinicu kompleksa (1)
¢ine dva kompleksna katjona [Fe(L)(NCS).]* PBPY-7 geometrije, kompleksni anjon
[Fe(NCS)s(H20)]* oktaedarske geometrije i ¢etiri molekula nekoordinovane vode. Struk-
turnu jedinicu kompleksa (2) ¢ini kompleksni katjon [Fe(L)(NCS).]* PBPY-7 geometrije,
tiocijanatni kontra anjon i dva molekula nekoordinovane vode. U katjonskom delu kom-
pleksa (1) i (2) PBPY-7 geometrije pentadentatni ligand je koordinovan za Fe(l11)-jon u
cviter jonskoj formi preko N3O, seta donorskih atoma formirajuci etiri fuzionisana peto-
¢lana helatna prstena, dok se dva monodentatna izotiocijanato liganda nalaze u apikalnim
pozicijama. Za komplekse Fe(lll) kao i za ranije ispitivane izotiocijanato komplekse
Co(I) [1], Ni(ID) [1] i Mn(I1) [2] sa 2,6-diacetilpiridin bis(trimetilamonijumacetohidrazo-
nom) uofene su znadajne strukturne razlike u orijentaciji pozitivno naelektrisanih
trimetilamonijum fragmenata u odnosu na ekvatorijalnu koordinacionu ravan pentago-
nalne bipiramide. Kristalografski podaci za (1): sistem triklini¢an, P-1; a = 12.1021(3) A,
b =15.9085 (5) A, ¢ =20.0448(6) A, = 95.611(2)°, = 95.470(2)°, y= 110.266(3)°; V
=3568.2(2)A% Z = 2; Dy=1.451 g cm™3; R[l > 20(1)] =0.069 i wR(F?) = 0.189 i za (2):
sistem triklinican, P-1; a=7.5016(9) A, b=11.846(1) A, c=18.201(2) A, a=82.959(7)°,
B = 89.790(8)°, y = 79.031(9)°; V=1575.6(3)A%, Z =2; Dx =1.382 g cm™3; R[l >
25(1)]=0.070 i wR(F?)= 0.148.
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[1] G. Bradan, B. Cobelji¢, A. Pevec, I. Turel, M. Milenkovi¢, D. Radanovié, M. Sumar-
Ristovi¢, K. Adaila, M. Milenkovi¢, K. Andelkovi¢, J. Coord. Chem., 69 (2016) 801—
811.

[2] Lj. S. Vojinovié-Jesi¢, V. 1. Cesljevié, G. A. Bogdanovié, V. M. Leovac, K. Mészaros
Szécsényi, V. Divjakovi¢, M. D. Joksovi¢, Inorg. Chem. Commun., 13 (2010) 1085—
1088.
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SYNTHESIS AND CHARACTERIZATION OF PENTAGONAL
BIPYRAMIDAL Fe(111) COMPLEXES WITH
2,6-DIACETYL-PYRIDINE BIS(TRIMETHYLAMMONIUMACE-
TOHYDRAZONE)

D. Radanovi¢!, A. Pevec?, I. Turel2, M. Milenkovié®, B. Cobelji¢®, G. Bradan?,
K. Andelkovi¢®

YUnstitute of Chemistry, Technology and Metallurgy, University of Belgrade, Njegoseva
12, P.O. Box 815, 11000 Belgrade, Serbia; 2Faculty of Chemistry and Chemical Techno-
logy, University of Ljubljana, Vecna pot 113, 1000 Ljubljana, Slovenia; *Faculty of Che-
mistry, University of Belgrade, Studentski trg 12-16, Belgrade, Serbia

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

In the template condensation reaction of 2,6-diacetylpyridine and Girard’s T reagent in the
presence of Fe(lll) and ammonium thiocyanate the crystalline [Fex(L)2(NCS)a]
[Fe(NCS)s(H20)]-4H20 (1) and [Fe(L)(NCS)2]SCN-2H,0 (2) complexes were obtained
from the same mother liquor and characterized by X-ray single-crystal analysis. The
structural unit of complex (1) consists of two complex cations [Fe(L)(NCS).]* of PBPY-
7 geometry, complex anion [Fe(NCS)s(H.0)]> of octahedral geometry and four non-coor-
dinated water molecules. The structural unit of complex (2) consists of complex cation
[Fe(L)(NCS),]* of PBPY-7 geometry, thiocyanate counter anion and two non-coordinated
water molecules. In the cationic part of complexes (1) and (2) of PBPY-7 geometry the
pentadentate ligand is coordinated to Fe(l11)-ion in zwitter ionic form through N3O set of
donor atoms forming four fused 5-membered chelate rings, while two monodentate NCS
ligands reside in appical positions. The Fe(l11) complexes, as well as, the previously stu-
died izothiocyanato complexes of Co(ll) [1], Ni(Il) [1] and Mn(Il) [2] with 2,6-dia-
cetylpyridine bis(trimethylammoniumacetohydrazone) exhibit significant  structural
differences in orientation of positively charged trimethylam- monium fragments with
respect to the equatorial coordination plane of pentagonal bipyramid. Crystallographic
data for (1): system triclinic, P-1; a = 12.1021(3) A, b= 15.9085(5) A, ¢ =20.0448(6) A,
a=95.611(2)°, f=95.470(2)°, y=110.266(3)°; V=3568.2(2)A%; Z=2; D«=1.451 g cm,
R[1>205(1)]=0.069 and WR(F?) = 0.189 and for (2): system triclinic, P-1; a=7.5016(9) A,
b=11.846(1) A, c=18.201(2) A, 0=82.959(7)°, [=89.790(8)°, ;=79.031(9)°;
V=1575.6(3)A% Z=2; D+=1.382 g cm3; R[l > 20(1)]=0.070 and wR(F?) = 0.148.
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SEKUNDARNI SULFATNI MINERALI NASTALI
ALTERACIJOM PIRITA

P. Dabi¢, S. Kovad, A. Zdravkovié

Univerzitet u Beogradu, Rudarsko—geoloski fakultet, Pusina 7, 11000 Beograd, Srbija
e-mail: predrag.dabic@rgf.bg.ac.rs

Polirani uzorak borske rude koji primarno sadrzi pirit (FeS), enargit (CusAsSs) i male
koli¢ine petrogenih minerala ¢uvan je u maloj plasti¢noj kutiji oko 30 godina. Na povrsini
preparata formirali su se razli¢ito obojeni kristali sekundarnih mineralnih vrsta. Novofor-
mirani minerali identifikovani su kombinacijom skenirajuce elektronske mikroskopije i
rendgenske difrakcije na polikristalnom materijalu. SEM-EDS analiza kori$¢ena je za ispi-
tivanje morfoloskih karakteristika i hemijskog sastava, dok je rendgenska difrakcija
koris¢ena za identifikaciju mineralnih faza.

Odredene su tri  razli¢ite  mineralne  vrste:  rombi¢ni  romboklas,
(Hs02)Fe3*(S04)2-2H20, monokliniéni somolnokit, FeSO4-H,O, i teseralni voltait,
KzFes?*Fes®*Al(SO4)12-18H20. Sva tri minerala javljaju se kao produkti alteracije raz-
licitih sulfida gvozda (naroCito pirita, markasita, pirotina), ¢esto kao skrame i prahovi
zajedno sa ostalim sulfatima gvozda [1-3].

uuuuu

Sl. 1. SEM mikrografije identifikovanih hinerala:
a) romboklas, b) somolnokit i c) voltait.

Raspadanje pirita predstavlja primarni izvor jona gvozda i dovodi do povecanja kise-
losti sredine Sto za posledicu ima precipitaciju razlicitih sulfata procesima oksidacije, hi-
drolize i evaporacije. Ovi procesi ¢esti SU u napustenim rudnicima sulfida, kao i na sulfid-
nim izdancima. U metal-sulfatne komplekse mogu se ugraditi i potencijalno $tetni hem-
ijski elementi (na primer arsen), stoga rastvaranje ovih soli moze imati negativan uticaj na
vodeni ekosistem [1]. Zato je veoma vazno razumeti mehanizme nastanka sekundarnih
minerala i njihovu ulogu u posledicama rudarenja na zivotnu sredinu.

[1] J. M. Hammarstrom, R. R. Seal Il, A. L. Meier, J. M. Kornfeld, Chem. Geol., 215
(2005) 407-431.

[2] Yu. N. Zanin, G. M. Pisareva, A. G. Zamirailova, V. G. Eder, Lithol. Miner. Resour.,
44 (2009) 267-269.

[3] H. E. Merwin, E. Posnjak, Am. Mineral., 22 (1937) 567-571.
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SECONDARY SULFATE MINERALS ASSOCIATED WITH THE
WEATHERING OF PYRITE
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Serbia
e-mail: predrag.dabic@rgf.bg.ac.rs

The polished ore sample from Bor which primarily contains pyrite (FeS;), enargite
(CuzAsSs) and small amount of rock-forming minerals was kept in the small plastic box
almost 30 years. When it was taken out different colored crystals of secondary minerals
were observed. These secondary minerals were identified by a combination of scanning
electron microscopy and X-ray powder diffraction. SEM-EDS analysis was used to inves-
tigate the morphological characteristics and their chemical composition, whereas XRPD
was used for identification of mineral phases.

Three  different minerals were detected: orthorhombic  rhomboclase,
(Hs02)Fe3*(S04)2-2H20, monoclinic szomolnokite, FeSO4-H,0O, and cubic voltaite,
KoFes?*Fes3*Al(SO4)12- 18H,0. All three minerals are well known as an alteration products
of iron sulphide minerals (especially pyrite, marcasite, pyrrhotite) frequently found as
crusts and powders associated with other iron sulphates [1-3].

minerals:
a) rhomboclase, b) szomolnokite and c) voltaite.

Weathering of pyrite provides the primary source of Fe-ions and acidity that leads to pre-
cipitation of sulfate minerals by numerous processes including oxidation, hydrolysis and
evaporation. These processes occur naturally in sulfidic mine wastes, as well as sulfidic
outcrops away from mineral deposits. Metal-sulfate salts may also incorporate potentially
hazardous elements (for example As), therefore highly soluble sulfate salts can potentially
affect aquatic ecosystems when they are dissolved by waters of low ionic strength (rain,
snowmelt) [1]. For that reason, it is very important to understand the mechanism of se-
condary minerals formation and their role in the environmental consequences of mining.

[1] J. M. Hammarstrom, R. R. Seal Il, A. L. Meier, J. M. Kornfeld, Chem. Geol., 215
(2005) 407—431.

[2] Yu. N. Zanin, G. M. Pisareva, A. G. Zamirailova, V. G. Eder, Lithol. Miner. Resour.,
44 (2009) 267-269.

[3] H. E. Merwin, E. Posnjak, Am. Mineral., 22 (1937) 567-571.
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BIZMUT-FERIT DOPIRAN GADOLINIJUMOM

A. Dapéevi¢!, D. Lukovié¢ Goli¢?, A. Radojkovi¢?, J. Cirkovi¢?, G. Brankovié?,
Z. Brankovié?

YTehnolosko-metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11000
Beograd, Srbija; 2Institut za multidisciplinarna istraZivanja, Univerzitet u Beogradu,
Kneza Viseslava 1a, 11030 Beograd, Srbija

e-mail: hadzi-tonic@tmf.bg.ac.rs

Magnetno-elektricni  multiferoici jedni su od najatraktivnijih  materijala
poslednjih godina s obzirom na moguc¢u primenu u uredajima za skladiStenje podataka,
senzorima i ,,spintronic” uredajima. Bizmut-ferit, BiFeOs, je poznati multiferoik za koga
je karakteristi¢no postojanje i feroelektriciteta i magnetizma iznad sobne temperature.
Magnetna, elektri¢na i opti¢ka svojstva BiFeOs mogu se poboljsati dopiranjem lantanoi-
dima jer ovi dopanti povecavaju magnetizaciju [1].

Mikrokristalni uzorci gadolinijumom dopiranih BiFeO3 dobijeni su metodom potpu-
nog otparavanja rastvaraca, tj. vode, prema proceduri koju su predlozili Sakar i koautori
[2]. Mesanjem na magnetnoj mesSalici rastvora Bi(NO3)3'5H,0, Gd(NO3)3:6H.0 i
Fe(NO3)3'9H20 i njihovim zagrevanjem do 80 °C i potpunog uparavanja, nastali su
prahovi mrkocrvene boje. Nakon suSenja tokom 2 h na 90 °C, prahovi su kalcinisani na
650 °C u cevnoj peci tokom 3 h. Dobijeni mikrokristalni uzorci sastava BiixGdxFeOs
(x=0,075, 0,05, 0,03 i 0,01) ispresovani su u vidu tableta i sinterovani 6 h na 870 °C.

Podaci za Ritveldovo uta¢njavanje prikupljeni su na spraSenim sinterovanim uzorcima
na difraktometru Ital Structure APD 2000 sa CuKa zradenjem (1 = 1,5418 A) u inter-
valu 20 — 100 °26 sa korakom od 0,02 ° i vremenom zadrzavanja od 10 s po koraku. Za
utacnjavanje strukture korisc¢eni su programski paketi FULLPROF i WINPLOTR.

Analizom difraktograma najpre je odreden fazni sastav polikristalnih uzoraka. U svim
uzorcima identifikovan je romboedarski Bi;-xGdxFeOs (prostorna grupa R3c) uz prisustvo
manje od 3 % faze BiyFesOq. Primeéen je trend smanjenja zapremine jedini¢ne Celije sa
povecanjem sadrzaja gadolinijuma.

Nakon sto su odredeni polozaji atoma, izracunate su vrednosti rastojanja (Bi,Gd)—Fe i
duzine veza Bi—O da bi se procenilo izmestanje katjona duz [111], jer je ono dobar poka-
zatelj elektri¢ne polarizacije u uzorcima Biy.xGdxFeOs. Najveca elektri¢na polarizacija
predvida se za uzorak sa najve¢im sadrzajem dopanta, tj. Bigg2sGdo075FeOs, s obzirom na
to da je najvece rastojanje izmedu katjona nadeno kod ovog uzorka. Oc¢ekuje se da uzorak
sa najnizim sadrzajem dopanta, tj. Bio99Gdo01FeOs, ima najizrazeniji antiferomagnetizam
jer ga karakterise najmanji ugao Fe—O—Fe. Ovaj ugao pokazuje nivo preklapanja Fe(3d)-
O(2p) orbitala u kristalnoj strukturi, od koga zavisi antiferomagnetno sprezanje izmedu
nesusednih Fe**-katjona preko O?-anjona.

[1] A. Mukherjee, S. Basu. P. K. Manna, S. M. Yusuf, M. Pal, J. Mater. Chem., C2 (2014)
5885-5891.

[2] M. Sakar, S. Balakumar, P. Saravanan, S. N. Jaisankar, Mater. Res. Bull., 48 (2013)
2878-2885.
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The magnetoelectric multiferroics are one of the most promising materials in recent years
due to their possible application in data storage, sensors, and spintronic devices. Bismuth
ferrite, BiFeOs, is a well-known multiferroic material which exhibits the coexistence of
ferroelectricity and magnetism well above room temperature. The magnetic, electrical and
optical properties of BiFeOs can be improved by doping with lanthanoides, since these
dopants induce larger magnetization [1].

Gadolinium doped microcrystalline samples of BiFeOs; were synthesized from
Bi(NO3)3-5H20, Gd(NO3)3:6H,0 and Fe(NOs)s-9H-0, by hydro-evaporation procedure
presented by Sakar et al. [2]. Previously dissolved starting components were mixed and
heated at 80 °C under magnetic stirring until complete evaporation. The brown-red pre-
cursor powders obtained after drying for 2 h at 90 °C were calcined at 650 °C in a tube
oven for 3 h to form resulting Biy«GdxFeOz (x = 0.075, 0.05, 0.03 and 0.01) powders.
Afterwards, the powders were pressed into pellets and sintered for 6 h at 870 °C.

The XRD data of pulverized sintered samples were collected using an Ital Structure
APD 2000 X-ray powder diffractometer (CuKa radiation, 4 = 1.5418 A) in a
range 20 — 100 °20 with a step-width of 0.02 ° and a constant counting time of 10 s per
step. The FULLPROF software was used for the Rietveld refinement of the structure in
WINPLOTR environment.

The XRD powder patterns revealed that the dominant phase was rhombohedral
Bi1xGdxFeOs (space group R3c). A small amount (less than 3 %) of BixFesOg phase was
found in each sample. The trend of decreasing unit-cell volumes with the increase of Gd-
content has been observed.

The positions of all atoms, (Bi,Gd)—Fe distances and Bi—O bond lengths are calculated
in order to verify the cation displacement along [111], which is a good indicator of elec-
trical polarization of Bi;xGdxFeOs samples. The greatest lattice distortion was found for
the sample with the highest Gd-content, i.e. Bio.g25Gdo.07sF€03, and therefore the largest
electric polarization is expected here. The highest antiferromagnetic ordering at room tem-
perature can be expected for the sample with the lowest Gd-content, i.e. Bio.goGdo.01FeOs,
since it has the smallest Fe—O—Fe bond angle. This angle indicates the extent of Fe(3d)—
O(2p) orbital overlapping in the crystal structure, which is responsible for the antiferro-
magnetic coupling between next-nearest-neighbor Fe3* cations via O anion.

[1] A. Mukherjee, S. Basu. P. K. Manna, S. M. Yusuf, M. Pal, J. Mater. Chem., C2 (2014)
5885-5891.

[2] M. Sakar, S. Balakumar, P. Saravanan, S. N. Jaisankar, Mater. Res. Bull., 48 (2013)
2878-2885.
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[la 61 cuHTeTHCANN jeUbCHha METATXUAPHI-OPTaHCKE MPEXHE CTPYKTYpe, HOBE Ma-
Tepujaie 3a ajCopIIUjy W pas3nBajame racoBa [l], mBa mpekypcopa (OopoxXuapuim
NazZn(BHa)3 1 NaMn(BHa4)3) Ouna cy npeaMeT HCIUTHBamba MOIYRHOCTH CHHTE3€ MeXa-
HOXEMHjCKUM MmoCcTynkoM. [loyetHa cmeca cacrojana ce ox mpaxoBa NaBHs (98%
gucrohe, Sigma-Aldrich) u ZnCl; (98% uucrohe, Sigma-Aldrich) wiu qenumMudHO AeXu-
apatucanor MnClz-4H,0 (99% uucrohe, Superlab), Koju ¢y MOMENIAaHNA Y MOJIAPHOM OJI-
Hocy 3:1 cariacHO peakiuOoHUM (opMmyiama:

1. 3NaBH4 + ZnCl, — NaZn(BHa4); +2NaCl
2. 3NaBH4 + MnCl; — NaMn(BH4)3 +2NaCl

MexaHOXeMHjCKH TIpoliec 00aBJbEH je Y ITIaHeTapHOM MIIMHY ca Kyritama Pulverisette
5 (Fritch). IIpomec cuHTE3€ MOHOBJBECH j€ HEKOJHMKO ITyTa JOK HUCY JAOOWjeHU HajOOJBH
pesynratu. ExcrieppuMeHTanHa mocraBka MiMHa Owia je: BoJidpaM-KapOHICKe Hocyne
3ampemuHe 250 ml, Bondpam-kapouncke kyrie aujamerpa 10 mm, ogHOC Maca KyTriid U
npaxa koju ce Mesbe 20:1. [Ipouec mueBerma mpu 6p3uau o 400 06pTa y MUHYTH ITOHAB-
JbaH je NUKIMYHO Ha CBakuX 5 muHyTa. [laxsbuBo je mpahena Temreparypa mocyaa 3a
MIIeBeR-€ Koja HuKana Huje npenuia 20 °C Ha kpajy mieBewa. Temneparypa npe rnoderka
M Ha Kpajy MJIeBEHa passinkoBaia ce mMame o1 5 °C. [la 6u cnipeunsu pa3rpaimy 00po-
XUJpHUa y aMOUjeHTATHUM YCJIOBMMA 1101 YTHIajeM Bllare U3 Basjayxa cBe pajme 00aB-
JbEHE CY y KEeCH 3a paj y 3allTUTHOj aTMochepu aprona (glove-bag). [Ipaxosu NaBHs u
ZnCly wn memammano aexuapatucad MnCly'4H,0 xoMoreHH30BaHu Cy py4YHO y aTMOC-
(epu aproHa u XepMETHYKH CMELITEHH y BoidpaM-kapouzicke nocye. [Ipu nokymaju
CHHTE3€ HUCY OMIIM YCIELIHH 3aTO IITO CE TOKOM MJIEBEHa 0cl100al)ao racoBUTH BOJIOHUK
Koju notude u3 xurpockonHor ZnCly mim Boge n3 MnCly-4H20. YV HapeaHoM nokymajy
ZnCl; je 6uo nexuaparucan TokoM 24 yaca y Bakymy Ha 130 °C npe Hero 1To je cMemia
npaxoBa HarpaBsbeHa. Taza je cuateza NaZn(BHy)3 Ouna ycnenina (masna komnanaa NaCl
j€ IeTeKTOBaHa IIITO je yoOudajeHo 3a 0Baj Tull cuHTe3e). Melytum, Boga u3 MnCly-4H,0
crnpeunia je yenemny cuatesy NaMn(BHa)s. 3ato he HoBu ekcriepuMenTr 6utn ypahenn
ca 6e3somgauM MnCl, moj1 HeTHM yeoBEMa KOju Cy Kopuiithern 3a cuate3y NaZn(BHa)s.
IIpouec cunrtese mpahen je momohy Metone nudpakiimje peHAreHCKHIX 3paKa ca MOJTUKPH-
CTAJTHUX MaTepHjaa.

3axeamyjemo ce na punancujcroj iogpuiyu kojy cmo gobunu og Swiss National Science Foundation
(SNSF) xpos apojexain IZ7320-152397/1.

[1] H. H. Giese, T. Habereder, J. Knizek, H. N6th, M. Warchhold, Eur. J. Inorg. Chem.,
5 (2001) 1195-1205.
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To synthesize metalhydride-organic frameworks, new solids for gas adsorption and sepa-
ration [1], two precursor borohydrides NaZn(BH4); and NaMn(BH4); were subject of syn-
thesis by mechanochemical process. The starting mixture consisted of NaBH4 (98% pu-
rity, Sigma-Aldrich) and ZnCl, (98% purity, Sigma-Aldrich) or partly dehydrated
MnCl2-4H,0 (99% purity, Superlab) powders, which were mixed in molar ratio 3:1 ac-
cording to reaction formulas:
1. 3NaBH, + ZnCl, — NaZn(BH,); +2NaCl
2. 3NaBH4 + MnCl; — NaMn(BH4); +2NaCl

Mechanochemical process was performed by the ball-milling in a planetary mill Pulver-
isette 5 (Fritch). Synthesis procedure was repeated several times, until the best results were
obtained. The settings of a ball-milling procedure itself were: wolfram-carbide vials (250
ml volume), wolfram-carbide balls (10 mm in diameter), mass ratio between balls and
powder set to 20:1. The milling process was conducted in cycles of 5 minutes duration at
the speed of 400 rpm. The temperature of the vials was closely monitored and has never
exceeded 20 °C after milling. The temperature difference before and after milling did not
exceed 5 °C. To prevent borohydride decomposition at ambient conditions due to moisture
in air, all manipulations were done in protective argon atmosphere using a glove-bag.
Powders of NaBH4 and ZnCl; or partly dehydrated MnClz-4H,0 were homogenized man-
ually in argon atmosphere and hermetically packed into the wolfram-carbide vials. First
trials have failed to produce the final compound and were accompanied by a notable hy-
drogen gas release during the milling due to the moisture coming from hygroscopic ZnCl;
or water from MnCl,-4H,0. In subsequent trials, ZnCl, was dehydrated for 24h in vacuum
at 130 °C, before added to the reaction mixture and synthesis of NaZn(BHa)z was success-
ful (small amount of NaCl was detected as usual). However, water molecules from
MnCl2-4H,0 prevent successful synthesis of NaMn(BH4)s. Therefore, new experiments
will be performed with MnCl, free of water molecules under the same conditions as for
the synthesis of NaZn(BH.)s. Process of synthesis was monitored by X-Ray Powder Dif-
fraction method.

Financial support by the Swiss National Science Foundation (SNSF) through the grant 127370-
152397/1 is gratefully acknowledged.

[1] H. H. Giese, T. Habereder, J. Knizek, H. N6th, M. Warchhold, Eur. J. Inorg. Chem.,
5 (2001) 1195-1205.
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CTPYKTYPHA JECUMETPU3AIINJA TPAH/IUTA
CA MEKE IIPECEJIVIE (KOITAOHUK, CPBHUJA)

II. Tanuuh', A. Kpemenosuh?, I1. Byiuh?

Teonowku 3asog Cpbuje, Posurcka 12, Beoipag; >Pygapcko-ieonowxu gaxynitieiti, Hy-
wuna 1, beoipag
e-mail: pavletan@gmail.com

CacraB npoy4aBaHOT MAaKpOCKOIICKH 30HApHOT 'paHAWTa ca jokanmuteTa Meka [Ipe-
cemna (Komaonuk, CpbOuja) mokasyje nmpomeHe y cactaBuma: Cay,93-2,97MNo 05-0,06MJo,00-
001Al1,14-1,26F€%0,72-0,83 T 10,00-0,025i2,97-3,02012, OHOCHO Grssg_s4Adras 41Spsz [1-3]. Oaxas
XEMH]jCKH CacTaB yKa3yje a je je[iHa 3HauajH1ja Bapujalija yCTaHOBbeHa caMo Ko Al—
Fe®" pacmonena y okTaemapckoM MoJiokajy. ITeT MakpOCKONCKM pasiMdMTHX 30HA Y
OKBUDPY HCHHTHBAHOT TpaHIWTa KMajy pEIaTHBHO BHCOKO XOMOICHE CaCTaBe:
Grseax1Adr36:1SpS2 (A), Grsez«1Adrss:1Sps2 (B), Grsso:2Adro:2Spsz (C), Grsss:2Adrai:2Sps,
(D) 1 Grsss:1Adrsi:1Sps, (E), xoju cy motBphenu perarenckum, NI u Paman criektpo-
CKOIICKUM npoy4aBamuMa [1-3]. YenoBu nocranka cy npouetmenu Ha: t=~650-690 (715)
°C, p=2-3 kbara u Xco. > 0,6 [3].

[TpoyyaBaHu rpaHIuT OKa3yje MHOTa OJCTyNama 0J TECEPAIHE CHMETPH]E€ U HOMH-
HaiHO poxesbeHe la3d mpoctopHe rpyre, ykibyuyjyhu aHU30TPONHjyY, POTAIM]y TETpae-
npa, nojueaapcke aucropsuje, utd. [1]. Takohe, mojenunu AudpPaKIHOHA MAKCUMYMHU
MOKa3yjy jacHO M3pakeHe AyOlieTe apryMEeHTOBaHO YKazyjyhu Ha mecuMeTrpu3anujy
(cnuka 1) [1, 3].
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Cnuka 1. Penarencku qudpakrorpam mpaxa npoydasane 30ue A ox 85° mo 107° 26.

Crpykrypa rpanaura je onpehuBana Rietveld meronom y 6pojHUM IpOCTOPHUM Ipy-
nama, ca I[iJbeM JIa Ce OJ(PE/IM er3aKTHA IPOCTOpHA rpymna Kpuctainusaiwje [3]. Jooujeru
PE3yNTaTH HAa OCHOBY MHOTOOPOjHHX MPUMEREHUX KPHTEPHjyMa HECYMEUBO YKa3yjy 1a
npoydaBanu rpasaut kpucrammine y Fddd wim R 3¢ mpoctopuuM rpymnama, oj Kojux je
pBa 3HaTHO BepoBaTHHja. [IpeTxoHO je JecumeTpusanuja rpanuTa yrephena camo Kox
BpJI0 MaJior Opoja y3opaka, u To 'y Fddd u | 1 npocTopHuM rpynama MeTooM audpakiyje
ca MoHOKpHcrana [3].

[1] I1. Tanuuh, Maiucitapcku pag, (2008).

[2] P. Tan¢i¢, P. Vuli¢, R. Kaindl, B. Sartory, R. Dimitrijevi¢, Acta Geologica Sinica, 86
(2012) 393-406.

[3] II. Tanuuh, Joxiwopcka gucepiiayuja, (2016).
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STRUCTURAL DISSYMMETRIZATION OF GRANDITE
FROM MEKA PRESEDLA (KOPAONIK Mt., SERBIA)

P. Tanéi¢!, A. Kremenovié¢?, P. Vulié¢?

!Geological Survey of Serbia, Rovinjska 12, Belgrade; ?Faculty of Mining and Geology,
Dusina 7, Belgrade
e-mail: pavletan@gmail.com

Composition of the studied macroscopically zoned grandite from the Meka Presedla lo-
cality (Kopaonik Mt., Serbia) showing compositional variations: Cazgs 297Mngos-
0,06Md0,00-0,01Al1,14-1,26F€3*0.72-0,83 T10,00-0,02Si2,67-3,02012, i.6. Grssg_esAdrasa1Sps [1-3].
Such chemical composition indicate that the only one significant variation was established
only for Al-Fe3* distribution within the octahedral position. Five macroscopically differ-
ent zones within the studied grandite have relatively high homogeneity composition lev-
els:  Grses:1AdrieniSps:  (A),  GrseciAdris:iSps;  (B),  GrssexAdrapsSps:  (C),
GrssgAdra:2Sps2 (D) and GrssgeiAdra21Sps2 (E), which were confirmed by X-ray, IR
and Raman spectroscopical studies [1-3]. Formation conditions were estimated to:
t=~650-690 (715) °C, p=2-3 kbars and Xco, > 0.6 [3].

Studied grandite showing many deviations from cubic symmetry and nominally as-
signed la3d space group, including anisotropy, tetrahedron rotations, polyhedral distor-
tions, etc. [1]. Also, some diffraction maximums showing clearly visible doublets which
reasonably indicating to the dissymmetrization (Fig. 1) [1, 3].

S000 —
10 a o

s000 —
acoo —

=000
e & N

2000 —
10w =2 —
- 12 2 0O
OS] )\ J’K J JI [\/\
i L L ST S I M
0o EP-3

pr— o

as os 100 = 110

Fig. 1. X-ray powder diffraction pattern of the studied zone A from 85° to 107° 26.

Grandite structure was refined with Rietveld method in numerous space groups, with a
goal of determination of its exactly crystallization space group [3]. The obtained results at
basis of the numerous applied criterions undoubtedly indicate that the studied grandite
crystallize in Fddd or R3c space groups, whereby is the first one with quite more
probability. Grandite dissymmetrization was previously established only at very small
number of specimens, and in Fddd and 11 space groups by X-ray single crystal diffraction
method [3].

[1] P. Tanci¢, Master’s Thesis, (2008).

[2] P. Tan¢i¢, P. Vuli¢, R. Kaindl, B. Sartory, R. Dimitrijevi¢, Acta Geologica Sinica, 86
(2012) 393-406.

[3] P. Tanc¢i¢, Doctoral Dissertation, (2016).

23" Conference of the Serbian Crystallographic Society



72 Tociiepcka caoniwitiersa

APCEHATH Y CUCTEMY CdO/MO/As20s (M?* = Mg, Mn, Fe, Co,
Ni, Cu, Zn) CTPYKTYPHO CJIUMYHU MUHEPAJIUMA :
Cd1,25Zno,75(HASO4)2:2H20 U MUHEPAJI ®JIYKUT

T. Bophesuh?, Jb. Kapanosuh?’

YVuueepsuitieini y beuy, Hucititiyiti 3a Munepanoiujy u Kpuciianoipagujy, Althansstr.
14, A-1090 Vienna, Austria, 2/labopaitiopuja 3a xpucitiaroipagujy, Pygapcko-ieonowxu
Gaxyniuet, Yuusepsuiteini y beoipagy, Bywuna 7, 11000 Beoipag, Cpouja.

e-mail: tamara.djordjevic@univie.ac.at

HNako ce apceH cMatpa pacipoCcTpameHUM MPUPOIHHM OTPOBOM, CTPYKTYPE MHOTHX
opToapceHara u Jajbe ¢y HerozHare. OBe HElO3HaHMIE BeOMa YTHYY Ha MOTPEIIHO TyMa-
YeHe Ie0XEMH]jCKOT IIMKITyca apceHa, Koje OIeT 3aXTeBa MM03HABakhe BHUXOBUX TEPMOIH-
HAMHYKHX 0COOMHA, a TIOCEOHO yciioBa (hopMHUpara KOjU 3aBUCE O]l CTPYKTYPHHUX Kapak-
TepucTHKa apcenara [1].

VY OKBHpPY CHCTEMATCKOT MPOyYaBama apceHara CTPYKTYPHO CIMYHUX MHUHEpauMa
y cuctemy CdO-MO-As;0s-H,0 (M?* = Mg, Co, Ni, Cu, Zn), nosu Cd-Zn apcenar,
Cdy,25Zng 75(HASO4)2: 2H,0 nobujen je xuaporepmantHom cuHTe3oM. OH je UCTIUTaH Me-
ToJaMa peHArencke qudpaknuje Ha monokpuctany (m.r. P1, a = 8,275(2), b = 7,513(2), c
=6,870(1) A, «=82,79(3), = 97,52(3), y=95,32(3) °, V = 418,82(16) A%, Z=2,R; =
0,029), SEM-EDX ananu3om u MeToiaMa BUOPAIIOHE CIIEKTPOCKOIIH]E.

Cd125Zng75(HASO4)2:2H,O  je  wm3ocTpykTypaH ca  MuHEpaioM  (QIyKUTOM
CaMn(HASO4)2:2H,0[2]. theroBa kpucTtaliHa CTpYKTypa Ce CACTOjH O OKTaeAapCKUX Jia-
Hara mapanensux (101) paauma. Cycennu naumm cy npeko HASO4 TeTpaenapa mosesanu
y ciojese napaiense (010). OBu ciojeru cy MeljycoOHO moBe3aHu caMo BOJTOHUYHUM Be-
3ama (cuka 1). JleBeT BOJOHMYHHUX Be3a pasauuute qyxuHe (o1 2,552(4) o 3,088(5) A)
noTBpheHe Cy U MPUCYCTBOM OPOjHHX CIICKTPATMHX TPpaKa y CIIEKTPAIHOM Ofcery u3mel)y
2000 1 3900 cm ™ u y IC u y paMaHCKOM CIIEKTPY.

Ciuka 1. Tonuenapcku npukas Kpuctande cTpykrype ayx [001]

[1] P. A. O’Day, Elements, 2 (2006) 77-83.
[2] M. Catti, , G. Chiari, , G. Ferraris, Bull. Mineral., 103 (1980) 129-134.
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MINERAL-RELATED ARSENATES IN THE SYSTEM
CdO/MO/As20s (M?* = Mg, Mn, Fe, Co, Ni, Cu, Zn):
Cd1.25Zno.7s(HAsO4)2:2H20 AND MINERAL FLUCKITE

T. DPordevié¢', Lj. Karanovi¢?

YUniversity of Vienna, Institut fiir Mineralogie und Kristallographie, Althansstr. 14,
A-1090 Vienna, Austria, 2University of Belgrade, Faculty of Mining and Geology,
Laboratory for Crystallography, University of Belgrade, Dusina 7, 11000 Belgrade,
Serbia

e-mail: tamara.djordjevic@univie.ac.at

Although arsenic is abundant natural hazard, many crystal structures of oxoarsenates(V)
are still unknown. This leads to the misinterpreting the behaviour of arsenates in natural
environments, because it requires detailed knowledge of thermodynamic properties and in
particular of formation conditions of arsenate phases and their respective crystal structures
[1].

During systematic research on the mineral-related arsenates in the system
CdO-MO-As;0s—-H,0 (M?* = Mg, Co, Ni, Cu, Zn), a new mineral-like Cd-Zn arsenate,
Cd1.25Zn0.75(HASO4)2:2H20 has been synthesized under hydrothermal conditions. It was
characterized using room-temperature single-crystal X-ray diffraction data (s.g. P1,
a =8.275(2), b = 7.513(2), ¢ = 6.870(1) A, a = 82.79(3), B = 97.52(3), y= 95.32(3) °,
V =418.82(16) A%, Z = 2, Ry = 0.029), SEM-EDX analysis and vibrational spectroscopy.

Cd1.25Zn0.75(HASO4)2-2H20 is isostructural with mineral fluckite,
CaMn(HAsO4)2-2H20 [2]. The octahedral-tetrahedral structure is built up of octahedral
chains extending parallel to (101) planes. Between these edge-linked octahedral chains lie
HAsOstetrahedra, which bond adjacent chains into layers sharing common vertices. These
layers are positioned parallel to the (010) plane and are connected to each other only by
interlayer hydrogen bonds (Fig. 1). Nine hydrogen bonds of various lengths (from
2.552(4) t0 3.088(5) A) influence band positions in the Raman and infrared spectra. In the
Raman spectra, the O—H stretching modes vary between 2000 and 3800 cm™ and in infra-
red spectra between 2000 and 3900 cm™™.

Fig. 1. The polyhedral view of the structure along [001]

[3] P. A. O’Day, Elements, 2 (2006) 77-83.
[4] M. Catti, , G. Chiari, , G. Ferraris, Bull. Mineral., 103 (1980) 129-134.
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RENDGENSKA STRUKTURNA ANALIZA |
ANTIPROLIFERATIVNA AKTIVNOST C16 STEROIDNIH
OKSIMA

0. Klisurié¢!, I. Kuzminac?, V. Kojié¢3, M. Saka&

'Departman za fiziku, 2Departman za hemiju, biohemiju i zastitu Zivotne sredine, Pri-
rodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg Dositeja Obradoviéa 3, Novi
Sad, Srbija; ®Institut za Onkologiju Vojvodine, Put Dr Goldmana 4, 21204 Sremska Ka-
menica, Srbija

e-mail: marija.sakac@dh.uns.ac.rs

17-Keto-16-oksimino steroidni derivat 1 kao i njegov redukcioni proizvod 2 su dobi-
jeni iz dehidroepiandrosterona prema poznatom postupku [1].

0 OH
—N —N
\ AY
OH OH
HO HO
1 2

Rendgenskom strukturnom analizom je potvrdena struktura jedinjenja 2 (slika 1) sa
slede¢im kristalografskim podacima: ortorombicni kristalografski sistem, prostorna grupa
P2,2:21, a = 8,2135(4), b = 9,2830(4), ¢ = 24,8432(14) A, V = 1894,19(16) A°, Z = 4, pu =
0,09 mm. Konaé¢na vrednost R faktora je 4,50% za 3267 nezavisnih refleksija i 276 pa-
rametara.

o1w‘

v

Slika 1. Molekulska struktura 16E-hidroksiminoandrost-5-en-33,17p-diola (2)
Oksiminoalkohol 2 je u testovima na antiproliferativnu aktivnost, koja je radena na
Sest tumorskih ¢elijskih linija, pokazao jaku inhibiciju proliferacije tri neoplasticne Celij-
ske linije.
[1] E. Djurendi¢, M. Savi¢, O. Klisuri¢, M. Saka¢, G. Bogdanovi¢, D. Jakimov, K. Penov
Gasi, Struct. Chem., 23 (2012) 1761-1767.

XXl Kondepenuuja Cprickor KpucTanorpagckor ApyITsa



Poster Presentations 75

X-RAY STRUCTURAL ANALYSIS AND ANTIPROLIFERATIVE
ACTIVITY OF C16 STEROIDAL OXIMES

O. Klisuri¢!, 1. Kuzminac?, V. Kojié¢®, M. Saka&?

1Department of Physics, 2Department of Chemistry, Biochemistry and Environmental Pro-
tection, Faculty of Sciences, University of Novi Sad, Trg Dositeja Obradovi¢a 3, 21000
Novi Sad, Serbia; *Oncology Institute of Vojvodina, Put Dr Goldmana 4, 21204 Sremska
Kamenica, Serbia

e-mail: marija.sakac@dh.uns.ac.rs

17-Keto-16-oxymino steroid derivative 1 and its reduction product 2 were obtained from
dehydroepiandrosterone according to a known procedure [1].

0 OH
—N —N
AY AY
OH OH
HO HO
1 2

X-ray structural analysis revealed the structure of 2 (Fig. 1) with following crystallo-
graphic data: orthorombic system, space group P212:12;, with the unit cell parameters, a =
8.2135(4), b = 9.2830(4), ¢ = 24.8432(14) A, V = 1894,19(16) As, Z=4,1=0.09 mm?
The final R factor is 4.50% for 3267 independent reflections and 276 parameters.

o1w‘

v

Fig. 1. Molecular structure of 16E-hydroximinoandrost-5-ene-3,17p-diol (2)

Oxyimino alcohol 2 was screened for antiproliferative activity on six tumor cell lines
and has demonstrated potent inhibition of proliferation of three neoplastic cell lines.

[1] E. Djurendi¢, M. Savi¢, O. Klisuri¢, M. Saka¢, G. Bogdanovi¢, D. Jakimov, K. Penov
Gasi, Struct. Chem., 23 (2012) 1761-1767.
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MOLEKULSKA I KRISTALNA STRUKTURA 7-METIL
DERIVATA HOLNE KISELINE

S. Bjedov!, M. Saka&!, O. Klisuri¢?

'Departman za hemiju, biohemiju i zastitu Zivotne sredine, Prirodno-matematicki fakultet,
Univerzitet u Novom Sadu, Trg Dositeja Obradoviéa 3, Novi Sad, Srbija; ?Departman za
fiziku, Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg Dositeja
Obradoviéa 4, Novi Sad, Srbija

e-mail: srdjan.bjedov@dh.uns.ac.rs

Bolje razumevanje uloge zu¢nih kiselina kao signalnih, transportnih i holelitolitskih
molekula dovelo je do povecanja interesovanja za sintetske modifikacije ovih molekula u
cilju dobijanja potencijalnih medikamenata. Soli Zu¢nih kiselina su amfifilni molekuli koji
mogu da formiraju micele sposobne da vezu i prenose hidrofobne lekove [1]. Povecanje
hidrofobne povrsine zuéne kiseline moze poboljsati sposobnost za vezivanje hidrofobnih
molekula. Mi smo modifikovali hidrofobnost molekula uvodenjem alkil grupe u polozaj
C-7 steroidnog jezgra upotrebom Grignard-ove reakcije. Nukleofilna adicija se deSava ste-
reoselektivno, medutim odredivanje apsolutne konfiguracije na C-7 predstavlja izazov.
Alkil derivati Zuénih kiselina teSko daju kristale kvaliteta koji bi omogucio uspe$nu ren-
dgeno strukturnu analizu, a u NMR spektrima ovih jedinjenja dolazi do znacajnog prekla-
panja signala Sto onemogucava odredivanje konfiguracije sa velikom sigurnos¢u. U ovom
saops$tenju predstavljamo uspes$no reSenu strukturu 7f3-metil derivata holne kiseline.

Kristalografski podaci: ortorombicni kristalografski sistem, prostorna grupa P212121,
a=9,0862(6), b = 15,8629(12), ¢ = 16,8304(11) A, V = 2425,8(3) Ag, Z=4,1=0,08mm
!, Kona¢na vrednost R faktora je 4,42% za 3817 nezavisnih refleksija i 291 parametara.

HO

H

[1]J. R. O'Reilly, O. I. Corrigan, C. M. O'Driscoll, Int. J. Pharm., 109 (1994) 147-194.
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MOLECULAR AND CRYSTAL STRUCTURE OF 7B-METHYL
DERIVATIVE OF CHOLIC ACID

S. Bjedov!, M. Saka&!, O. Klisuri¢?

1Department of Chemistry, Biochemistry and Environmental Protection, Faculty of Scien-
ces, University of Novi Sad, Trg Dositeja Obradoviéa 3, Novi Sad, Serbia; 2Department
of Physics, Faculty of Sciences, University of Novi Sad, Trg Dositeja Obradovic¢a 4, Novi
Sad, Serbia

e-mail: srdjan.bjedov@dh.uns.ac.rs

Better understandings role of bile acids as a signalling, transport and cholelitholytic mol-
ecules yielded increase in interest for synthetic modifications of these molecules in order
to obtain potential medicaments. Bile acid salts are amphiphilic molecules able to form
micelles that can bind and transport liphophilic drugs [1]. Increase in hydrophobic area of
bile acid can benefit better binding of hydrophobic drugs. We have modified hidrophobi-
city of molecules by introduction alkyl group in steroid skeleton using Grignard reaction.
Nuceleophilic addition occurs stereoselectively, however determination of absolute stere-
ochemistry on C7 presents challenge. It is difficult to grow crystal with suitable quality
for rentgen-structure analysis, and there is considerable overalping of signals in NMR
spectra which prevents the determination of configuration on C7 with great certainty.
Herein we want to present successfully solved the structure of 73-methyl derivative of
cholic acid.

Crystallographic data: orthorombic system, space group P2:2:2;, with the unit cell pa-

rameters, a = 9.0862(6), b = 15.8629(12), ¢ = 16.8304(11) A, V = 2425.8(3) A z=4 u
=0.08 mm*. The final R factor is 4,42% for 3817 independent reflections and 291 para-
meters.

[1]J. R. O'Reilly, O. I. Corrigan, C. M. O'Driscoll, Int. J. Pharm., 109 (1994) 147-194.
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KRISTALNA | MOLEKULSKA STRUKTURA NOVOG
ANALOGA (+)-GONIOFUFURONA SA AZIDNOM FUNKCIJOM

I. Kovacevié¢, M. Rodic, B. Sre¢o Zelenovié, J. Francuz, G. Benedekovié,
M. Svircéev, M. Popsavin, V. Popsavin

Departman za hemiju, biohemiju i zastitu Zivotne sredine, Prirodno-matematicki
fakultet, Trg D. Obradoviéa 3, Novi Sad
e-mail: ivana.kovacevic@dh.uns.ac.rs

(+)-Goniofufuron (1, shema 1), prirodni stiril-lakton koji pokazuje znacajnu biolosku
aktivnost, posluzio je kao osnova (“lead compound”) za dizajn analoga sa azidnom funk-
cionalnom grupom (2). U ovom radu Zelimo da saop§timo kristalnu i molekulsku strukturu
jedinjenja 2 (slika 1), koje je pokazalo snaznu inhibiciju rasta odabranih humanih malignih

Gelijskih linija.
N3
Izosterna Ph () Defemlovanje
/K zamena / k k
HO "o X0
(+)-Goniofufuron (1) Analog 1 Analog 2

Shema 1. Dizajniranje analoga 2.

Jedinjenje 2 je kristalisalo iz rastvora CHCly/heksan. Kristalna struktura je reSena
direktnom metodom u ortorombi¢noj prostornoj grupi P2:212:. Apsolutna sterechemija
finalnog proizvoda je odredena na osnovu sinteticke procedure i prisustva stereocentara
koji ne menjaju konfiguraciju. Oba petoclana prstena zauzimaju uvijenu konformaciju sa
slede¢im parametrima nabiranja: g2 = 0,3523(16) A, ¢, = 305,3(3)° (furanozni prsten);
02=0,1290(17) A, po=304,6(7)° (laktonski prsten).

Osnovni kristalografski podaci, kao i neki od parametara uta¢njavanja: C7HgN3Os,
P212121, Z = 4, a = 5,50449(13), b = 7,90177(18), ¢ = 20,4856(5)A, V = 891,03(4) A®,
Flack x=-0,3(2), R =2,96%, S = 1,063, za 131 parametar i 2182 refleksije.

[~

Slika 1. Molekulska struktura analoga sa azidnom funkcijom (2).

Realizaciju ovog rada finansiralo je Ministarstvo prosvete, nauke i tehnoloskog razvoja
Republike Srbije (Projekat 172006).
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CRYSTAL AND MOLECULAR STRUCTURE OF NOVEL
(+)-GONIOFUFURONE ANALOGUE WITH AZIDE
FUNCTIONAL GROUP

I. Kovadevié¢, M. Rodi¢, B. Sre¢o Zelenovi, J. Francuz, G. Benedekovi¢,
M. Sviréev, M. Popsavin, V. Popsavin

Department of Chemistry, Biochemistry and Environmental protection, Faculty of Scien-
ces, University of Novi Sad, Trg D. Obradoviéa 3, 21000 Novi Sad
e-mail: ivana.kovacevic@dh.uns.ac.rs

(+)-Goniofufurone (1, Scheme 1), naturally occurring styryl lactone that shows remar-
kable antiproliferative activity, was used as a lead for design of analogue with azide iso-
steric group (2). Herein we would like to report crystal and molecular structure of compo-
und 2 (Fig. 1), that demonstrated potent growth-inhibitory effects against a panel of human
malignant cell lines.

OH N3 N3
O, i (0] Dephenylation (o)
Ph oy % Ph oy p:y> oy
/ /K displacement / /K / k
HO Ko o) HO Ko o) HO Ko e}
(+)-Goniofufurone (1) Analogue 1 Analogue 2

Scheme 1. Design of analogue 2.

Compound 2 crystallized from CH.Cl./hexane. Crystal structure was solved by direct
method in orthorhombic space group P212:2;:. Absolute stereochemistry of the final pro-
duct was assigned based on synthetic procedure knowing that furanose stereocenters are
fixed. Both five membered rings adopt twisted conformations with following puckering
parameters: .= 0.3523(16) A, ¢2=305.3(3)° (furanose ring); =0.1290(17) A,
@2 =304.6(7)° (lactone ring).

Basic crystallographic data and refinement results are the following: C7HgN3Oa,
P212121, Z = 4, a = 5.50449(13), b = 7.90177(18), ¢ = 20.4856(5) A, V = 891.03(4) A3,
Flack x=-0.3(2), R = 2.96%, S=1.063, for 131 parameters and 2182 reflections.

@

Fig. 1. Molecular structure of analogue with azide functional group (2).

The work was supported by the Ministry of Education, Sciences and Technological Deve-
lopment of the Republic of Serbia (Project No. 172006).
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MOLEKULSKE I KRISTALNE STRUKTURE KLJUCNIH INTER-
MEDIJERA U SINTEZI
5-O-METIL-(+)-GONIOFUFURONA

J. M. Francuz, M. Rodié, B. Sreco Zelenovi¢, 1. Kovadevié, G. Benedekovic,
M. Sviréev, M. Popsavin, V. Popsavin

Prirodno-matematicki fakultet, Departman za hemiju, biohemiju i zastitu zZivotne sredine,
Trg D. Obradoviéa 3, Novi Sad
e-mail: jovana.francuz@dh.uns.ac.rs

Sinteza metil derivata citotoksi¢nog stiril-laktona goniofufurona (4 i 5) odvija se preko
kljuénih intermedijera (2 i 3, Shema 1). Rendgenska strukturna analiza intermedijera 2 i 3
pruzila je uvid u apsolutnu stereohemiju finalnih proizvoda 4 i 5 koji nisu dobijeni kao
kristalne supstance.

Analize bioloskih aktivnosti pokazale su da molekuli 4 i 5 ispoljavaju snaznu in vitro
citotoksi¢nost prema ¢elijskim linijjama odabranih humanih tumora.

OH o HO
o.__OH ?Ve >< o Hsl0g OHC— O .0 PhMgBr/THF o )
Bl Sl s TR e gy
M “/ ’ EtOAc, rt “ ° ., .,
HO I OH VoG ,0){ Med O foluen, 0°C |~ < 0){ 0)(

D-Glc 1 1a 2 3

l dve faze l
o /Ko MeO' '»O/KO

Shema 1

Jedinjenja 2 i 3 su kristalisala iz rastvora CH,Cly/heksan i oba pripadaju rombi¢nom
sistemu (P212121). Na osnovu izmerenih intenziteta difrakcije MoKo rendgenskog zrace-
nja, poloZzaji atoma C i O u jedini¢noj ¢eliji odredeni su direkthom metodom, a zatim u-
ta¢njavani metodom najmanjih kvadrata (SHELXL-2014 [1]) u anizotropnoj termickoj
aproksimaciji, dok su polozaji H-atoma bili zadati geometrijski. Apsolutna konfiguracija
je nedvosmisleno utvrdena na osnovu stereocentara kod kojih ne dolazi do promene kon-
figuracije u toku reakcija.

Osnovni kristalografski podaci: 2: CisH200s, P2:1212:, Z=4, a=11,0585(4),
b =11,4256(3), c¢=11,8876(4) A, V =1502,00(8) A%, Flakov parametar =—0,0(2),
R =3,89%, S = 1,087, za 188 parametara i 3542 refleksije. 3: CisH20s, P212121, Z = 4,
a=8,8306(3), b=10,0761(3), c=17,1204(6) A, V =1523,34(9) A%, Flakov parame-
tar =0,4(2), R = 3.62%, S = 1,047, za 189 parametara i 3626 refleksija.

[1] G. M. Sheldrick, Acta Cryst., A64 (2008) 112-122.

Realizaciju ovog rada finansiralo je Ministarstvo za prosvetu i nauku Republike Srbije (Projekat 172006).
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MOLECULAR AND CRYSTAL STRUCTURES OF KEY
INTERMEDIATES IN SYNTHESIS OF
5-O-METHYL-(+)-GONIOFUFURONE

J. M. Francuz, M. Rodié, B. Srec¢o Zelenovi¢, 1. Kovadevié, G. Benedekovi¢, M.
Sviréev, M. Popsavin, V. Popsavin

Faculty of Sciences, Department of Chemistry, Biochemistry and Environmental Protec-
tion, Trg D. Obradoviéa 3, Novi Sad, Serbia
e-mail: jovana.francuz@dh.uns.ac.rs

Synthesis of methyl derivatives of the cytotoxic styryl lactone goniofufurone (4 and 5)
was carried out through key intermediates (2 and 3, Scheme 1). Since the final products 4
and 5 were not crystalline compounds, the X-ray structure analysis of derivatives 2 and 3
obtained as single crystals, gave the proof of absolute
stereochemistry of the final compounds.

The biological activity analysis has shown that compounds 4 and 5 exhibit a
potent cytotoxicity towards selected human tumor cell lines.

o HO
O. OH tvtvo o HslOg OHC O .0 PhMgBrTHF 0. 0,
steps, 8 .0 \5_7 PH 0 + Ph fite)
Ho™ O 5 EtOAGC, 1t 0 . )( )<
Med O){ MeO toluen, 0 °C MeG o o

D-Glc 1 1a 2 3

l two steps l

oH OH
MeO "’o’Ko MeO "’O/Ko
4 5

Scheme 1

Compounds 2 and 3 crystallized from CH,Cly/hexane in the orthorhombic space group
P2:2:2;. Based on measured diffraction intensities of MoKa X-rays, position of C and O
atoms in the unit cells were determined by direct methods and then refined by full-matrix
least-squares (SHELXL-2014 [1]) in anisotropical thermal approximation, while the posi-
tions of H atoms were refined geometrically. The absolute configuration is
unambiguously assigned based on known configurations of stereocenters that are fixed
during the synthetic procedure.

The main crystallographic data: 2: CisH200s, P21212,, Z =4, a=11.0585(4),
b=11.4256(3), c¢=11.8876(4)A, V=1502.00(8) A%, Flack parameter =—0.0(2),
R =3,89%, S =1.087, for 188 parameters and 3542 reflections. 3: CisH200s, P21212;,
Z=4, a=8.8306(3), b=10.0761(3), c=17.1204(6) A, V =1523.34(9) A%, Flack
parameter = 0.4(2), R = 3.62%, S = 1.047, for 189 parameters and 3626 reflections.

[1] G. M. Sheldrick, Acta Cryst., A64 (2008) 112-122.

The work was supported by the Ministry of Education and Sciences of the Republic of Serbia (Project No.
172006).
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PA3BOJ ITIPOTOKOJIA 3A KPUCTAJIM3ALIAIY AJJIO-KETO
PEJAYKTA3E 1113 (AKP1113)

J. J. llnapma?, C. bexuh®, M. Mapunosuh?, A. heaunh?, E. T. Ilerpu®

“Iletiapimivan 3a buonoiujy u exonoiujy, lpupogrno-mattiemaiiuuxu gaxynideit, Yrusep-
sutneini y Hosom Cagy

® Neitapiniman 3a xemujy, Ilpupogno-maitiemainiuuku ¢axynitieii, Ynusepsuitiein y Hosom
Cagy

e-mail: Jovana.Plavsa@dbe.uns.ac.rs

[potenn 113 u3 dpammnuje | anmo-keTo peaykrasa NpeacTaBba BakaH €H3UM Y CTe-
pounorenesn ko Jpyau. OBaj emsum kopuct NADH w/mmn NADPH kao xodaxrop y
KaTaJIn3W KOHBEP3Hje alJieXuia u KeToHa y ankoxoue. [IpexkomepHa ekcripecuja AKP1113
IOTIPHHOCH pa3Bojy TyMopa, makie waxuoOuimja aktuBHocTH AKPI1II3 mpencraBipa
[IJBHH aCTEKT 3a pa3Boj HoBux Tepanuja [1]. [IpoTentcka 6anka noxataka (Protein Data
Bank, PDB) caapsxu Hekomuko kpuctanaux crpykrypa AKP1113 nporenna ca pa3nudu-
TUMa HHXUOUTOpUMA, Me)yTHM jolI YBEK IIOCTOjH MOTpeda 3a MpoHaNaXeHheM crennudy-
HUjUX UHXHOHUTOpa y3uMajyhu y 063up cinunoct cexBeHuu nzmelhy nzopopmu AKP1113.
Jla 61 ce pa3ymernno Kako ce crenupuuHu nuxuouropu Besyjy 3a AKP1113, Hama nabopa-
Topuja npunpema pexkomObunantHu nporenH AKP1113 3a kpucranuzanujy y KOMIUIEKCY
ca HOBUM JIMTaHANMA.

Pauynapcka npensuhama moTeHIjamHOT Be3yjyher aduHUTETA HOBUX WHXHOHTOpA
cy npahena mHAyKIHjoM 1 ekcrpecrjom pekomOuHanTHOr AKPI1113, mpeunmhaBamem
NpOTEeHHA, TecTupameM ynorpede AKP y eH3uMcKkoM ecejy U MpOTEeNHCKOM KPHUCTAIIN3a-
mijoM ca obehaBajyhum nuranauma. Y Haioj 1abopaTopHju je ONTUMH30BAaH MPOTOKOI
3a HHIYKIH]Y, eKcrpecHjy u npednirhaBame pekomOonHanTHOT AKP 1113 mporenna. Tpe-
HYTHO NPUIPEMaMo MPOTEHH 3a IMOKYIlaje KpUcTanu3aluje ca OpOjHUM JIMraHIuMa y
UJBbY OJipeljuBarmba CTpyKType.

[1] J. U. Flanaganl, Y. Yosaatmadja et al., PloS one, 7(8) (2012) e43965.
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DEVELOPMENT OF A PROTOCOL FOR CRYSTALLISATION
OF ALDO-KETO REDUCTASE 1C3 (AKR1C3)

J. J. Plavial, S. Beki¢?, M. Marinovié!, A. Celié!, E. T. Petri!

!Department of Biology and Ecology, Faculty of Sciences, University of Novi Sad; 2De-
partment of Chemistry, Faculty of Science, University of Novi Sad
e-mail: Edward.Petri@dbe.uns.ac.rs

Aldo-keto reductase family 1 member C3 is an important enzyme in steroidogenesis in
humans. This enzyme uses NADH and/or NADPH as cofactors to catalyze conversion of
aldehydes and ketones to alcohols. Overexpression of AKR1C3 contributes to tumor de-
velopment and inhibition of AKR1C3 activity represents a promosing target for develop-
ment of new therapies [1]. The PDB (Protein Data Bank) contains several crystal struc-
tures of AKR1C3 with different inhibitors, however there is a need for identification of
more specific inhibitors, given the sequence similarity between AKR1C isoforms. To un-
derstand how specific inhibitors bind to AKR1C3, we are preparing recombinant AKR1C3
protein for crystallization in complex with new ligands.

Computational prediction of the potential binding affinity of new inhibitors is followed
by induction and expression of recombinant AKR1C3, purification of the protein, testing
using AKR enzymatic assays, and protein crystallization with promising ligands. An op-
timized protocol for induction, expression and purification of recombinant AKR1C3 has
been developed in our lab. Currently we are preparing crystallization trials in complex
with various ligands for structure determination.

[1] J. U. Flanaganl, Y. Yosaatmadja et al., PloS one, 7(8) (2012) e43965.
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SINTEZA | KRISTALNA STRUKTURA 3-(1-(3-HIDROKSIPROPI-
LAMINO)ETILIDEN)HROMAN-2,4-DIONA

D. Stojkovi¢!, V. Jevti¢!, S. Trifunovi¢!, N. Vukovié¢!, M. Vuki¢!, |. Potoénak?,
E. Avdoviél, S. Jovi¢ié¢!

nstitut za hemiju, Prirodno-matematicki fakultet, Univerzitet u Kragujevcu, Radoja Do-
manovicéa 12, 34000 Kragujevac, Republika Srbija; *P. J. Safarik University in Kosice,
Institute  of Chemistry, Moyzesova 11, SK-041 54 Kosice, Slovakia
e-mail: danijela.stojkovic@Kkg.ac.rs

U 25 mL metanola rastvoreno je 0,5 g (0,00245 mol) 3-acetil-4-hidroksi kumarina [1]
i 0,184 g (0,00245 mol) 3-amino-1-propanola. Smesa je refluktovana 60 minuta. Tok re-
akcije je proveravan tankoslojnom hromatografijom (toluen : aceton =7 : 3, v/v). Rastvor
je uparen na Cetvrtinu svoje zapremine. Dobijeni beli kristali su fitrirani, suseni na vaz-
duhu i prekristalisani iz metanola. Pretpostavljena struktura dobijenog jedinjenja potvr-
dena je na osnovu rezultata rendgenske strukturne analize.

Kristalografski podaci: kristalni sistem — monokliniéni, prostorna grupa P2:/c, veli¢ina
kristala 0,5082 x 0,1803 x 0,0429 mm3 a = 9,7682(6), b = 13,7768(11),
c = 18,2977(13) A, V = 2451,03) A% i Z = 4, dy = 1,416 g/cm?, x = 0,104 mm™.
Uta¢njavanje sa F? (361 parametara i 4795 nezavisnih refleksija) dalo je
R[F? > 20(F?)] = 0,0468, wR(F?)] = 0,0866, S = 1,027.

Slika 1. Molekulska struktura 3-(1-(3-hidroksipropilamino)etiliden)hroman-2,4-diona

[1] S. Sukdolak, N. Vukovi¢, S. Soluji¢, N. Manojlovi¢, Lj. Krsti¢, Journal of Hete-
rocyclic Chemistry, 41 (2004) 593-596.
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SYNTHESIS AND CRYSTAL STRUCTURE OF
3-(1-(3-HYDROXYPROPYLAMINO)ETHYLIDENE)CHROMAN-
2,4-DIONE

D. Stojkovi¢!, V. Jevti¢!, S. Trifunovi¢!, N. Vukovié¢!, M. Vukié¢', |. Potoé&iak?,
E. Avdoviél, S. Jovicié?

!Department of Chemistry, Faculty of Science, University of Kragujevac, Radoja Doma-
noviéa 12, 34000 Kragujevac, Republic of Serbia; ?P. J. Safirik University in Kosice,
Institute of  Chemistry, Moyzesova 11, SK-041 54 Kosice, Slovakia
e-mail: danijela.stojkovic@kg.ac.rs

In 25 mL of methanol 05 g (0.00245 mol) of 3-acetyl-4-hydroxy-
-coumarin [1] and 0.184 g (0.00245 mol) of 3-amino-1-propanol was dissolved. The
mixture was refluxed for 1 h. Progress of reaction was monitored by TLC (toluene : ace-
tone =7 : 3, v/v). The solution was evaporated on a quarter of its volume. The obtained
white crystals were filtered, air dried and recrystallized from methanol.
Proposed structure of the obtained compound was confirmed by X-ray structural
analysis.

Crystal data: crystal system - monoclinic, space group P2i/c, crystal size
0.5082 x 0.1803 x 0.0429 mm?®, a = 9.7682(6), b = 13.7768(11), ¢ = 18.2977(13) A,
V = 2451.03) A% i Z = 4, dy =1.416 glcm®, u = 0.104 mm™. Refinament with F?
(361 parameters and 4795 independent reflections) resulted in R[F? > 26(F?)] = 0.0468,
wR(F?)] =0.1098, S = 1.027.

Fig. 1. ORTER plot for 3-(1-(3-hydroxypropylamino)ethylidene)chroman-2,4-dione

[1] S. Sukdolak, N. Vukovi¢, S. Soluji¢, N. Manojlovi¢, Lj. Krsti¢, Journal of Hete-
rocyclic Chemistry, 41 (2004) 593-596.
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CTPYKTYPHA U CLP AHAJIM3A
3-[(4-BPOMO®EHUJI)METNJI]-
-1,3-IUA3ACIIUPO[4.4|HOHAH-2,4- TUOHA

A. Jlasuh', H. Tpumosuh', JI. Pagosanosuh?, XK. Butnuk?, B. Burnuk?,

J. Poran®, JI. Moaern', . Ymhymanh!

Texnonowxo-meiianypuxu gaxynitiei, Yruueepsuiiein y Beoipagy, *UXTM—1]enitiap 3a
xemujy, ¥Yuueepsuiueiu y beoipagy
e-mail: ntrisovic@tmf.bg.ac.rs

AHanu3a CTPYKTypHHX CBOjCTaBa HOBUX je/IMbEHa KOja cajpike YBPCTO je3rpo U BU-
HIECTPYKE JOHOPCKE U aKLENTOPCKE aTOME MOXKe Jja AOTpHHECe 00JbEM pasyMeBamby y3a-
jaMHOT J1ejcTBa HEKOBAJICHTHUX WHTEPaKIHja Y U3rpajibl MOTYhUX CympaMoIeKyJICKHX
apXHUTEKTypa. Y TOM IIMJbY CHHTETHCAaHA j€ CepHja HOBUX JiepUBaTa LMKJIONEHTaH-5-CIIH-
POXUIAHTOMHA U OJipeljeHa je ’UXOBa KPUCTAIHA CTPYKTypa. Y OBOM pajy ONHCaHA je U
JIICKyTOBaHa KpHCTaIHA CTPYKTYpa (3-[(4-6pomodpenmn)mernin]-1,3-uaza-
crnupo[4.4]aonan-2,4-nuoHa (cnuke 1 u 2). Jequmemne KPUCTAUIIE Y EHTPOCUMETPHY-
HOJ, MOHOKJIMHHUYHO] MPOCTOPHO]j rpymiu P21/n ca jeiHUM MOJIEKYJIOM y aCHMETPUYHO] je-
JuHALM. [eTajpHa aHaIM3a KPUCTAIHOT IIaKOBaba yKa3ala je Ha OCTojambe yoOrudajeHHX
N-H---O BogonnuHux Be3a, kao u Ha mojaBy C—H---O, C—H---n u C—H- - -Br uarepakuuja.
Taxolje, Halyenu cy u kparku kontakTu Tuna C—Br---O=C. JlonpuHocH 0BHX HHTEpaKIHja
Y U3rpajiibH KPUCTAIHOT [IAKOBakha KBAHTU(PHUKOBAHH Cy Ha OCHOBY M3padyHaBamba METO-
Jqom Coulomb-London—Pauli (CLP) [1]. V cipesu ca niperienoM KpUCTaIHUX CTPYKTypa
JepuBara xunanronHa y KemOprukoj 6a3u KpUCTaIHUX CTPYKTYpa, pa3MaTpame eHepruje
HHTEpaKI[Mja pa3InIUTHX TapoBa MoJjIeKyia omoryhuhe yrephuBame 3aBUCHOCTH U3Mely
bMXOBE MOJIEKYJICKE M KPUCTAJIHE CTPYKTYpE.

[1] J. D. Dunitz, A. Gavezzotti, Angew. Chem. Int. Ed., 44 (2005) 1766-1787.

a)

Cnuka 1. a) R2%(8) cunron; 6) npuka3 JMMEPU30BaHUX JIaHana Jayx b—oce.
Fig. 1. a) R;%(8) synthon; b) dimmerized chains along b-axis.
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STRUCTURAL AND CLP ANALYSIS OF
3-[(4-BROMOPHENYL)METHYL]-
1,3-DIAZASPIRO[4.4]NONANE-2,4-DIONE

A. Lazi¢', N. TriSovi¢!, L. Radovanovi¢!, Z. Vitnik?, V. Vitnik? J. Roganl
D. Poleti!, G. Us¢umli¢*

'Faculty of Technology and Metallurgy, University of Belgrade; 2ICTM — Department of
Chemistry, University of Belgrade
e-mail: ntrisovic@tmf.bg.ac.rs

The analysis of structural features of new compounds comprising a rigid core with multi-
ple donor and acceptor atoms can enhance our understanding of the interplay between
noncovalent interactions in building possible supramolecular assemblies. In this respect,
a series of new cyclopentane-5-spirohydantoin derivatives has been synthesized and their
crystal structures have been investigated (Figs. 1 and 2). Herein, the crystal structure of 3-
[(4-bromophenyl)methyl]-1,3-diazaspiro[4.4]nonane-2,4-dione is described and discu-
ssed. The compound crystallizes in the monoclinic, centrosymmetric space group P2i/n
with one molecule in the asymmetric unit. A detailed analysis of the crystal packing reve-
aled the presence of usual N-H---O hydrogen bonds along with C-H---O, C-H--w and
C—H---Br interactions. Furthermore, a short C—Br---O=C contact also contributed to the
crystal packing. The stabilizing—destabilizing role of these interactions in terms of favo-
rable energetic was quantified using the Coulomb-London—Pauli (CLP) method [1].
Supported with a survey of crystal structures containing the hydantoin moiety in the
Cambridge Structural Database, the decomposition of the interaction energies obtained for
different molecular pairs will provide a base for the evaluation of the relationships between
molecular and crystal structure of hydantoin derivatives.

[1] J. D. Dunitz, A. Gavezzotti, Angew. Chem. Int. Ed., 44 (2005) 1766-1787.

Fig. 2. Crystal packing of the investigated compound, projection onto the ac—plane.
Cnuka 2. KpucranHo nakoBame NpoydaBaHUX jeIUbErba, IPOjeKIMja Ha aC—paBaH.
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YIHOPEJIHA MOJIEKYJIAPHA TUHAMUWKA AHAPOI'EHOI' U
ECTPOI'EHUX PELHEIITOPA CA BEBAHUM ATOHUCTUMA "
AHTAI'OHUCTUMA

M. Mapunosuh, E. Ilerpn, A. heauh

Heiiapitiman  3a  6uonoiujy u exonoiujy, Ilpupogno-maitiemaitiuvuku ¢haxyaiieid,
Yuueepsuitieii y Hosom Cagy, Tpi [locuitieja Obpagosuha 2, 21000 Hosu Cag
e-mail: maja@dbe.uns.ac.rs

WuTepakiyje HyKJI€apHUX pPeLenTopa ca JIMIaHAuMa, peryjIaTOpHUM MPOTEHHUMA U
JHK yxspydeHHu cy y pa3Boj MHOTHX 00JIMKa KaHIIepa 3aBUCHHX O]l XopMoHa. PazymeBame
MexaHu3ama Koju ozapeljyjy Be3MBame M CHELU(PHUYHOCT HYKJICAPHHUX pelenTopa 3a
IbUXOBE JIMTaHJE MOTJ0 OW MOMONM AM3ajHUPalky HOBHX HMHXHOHTOpa Ha OCHOBY
CTPYKTYpE OBHX pELENTOpa KOju OW ce KOPUCTWIM y TpeTMaHy KaHuepa. [lanac cy
NO3HATE CTPYKTYpE €CTPOreHUX perentopa anda u 06eTa, Kao U aHIPOreHHX peLenTopa
YOBEKa M CPOJHUX >KUBOTHUEGCKUX BpCTa, oApeljeHe MeTogaMa peHIreHCKe CTPYKTYpHe
aHanmsze. KoMIuiekcn ecTporeHux penentopa ca HeKMM aroHHCTHMa U aHTarOHHCTHMA,
Ka0 ¥ aHIPOTCHOT pelienTopa ca HeKUM aroHUCTHMa cy Takolje mo3Hatu. Mnak, cTpykType
KOMIUIEKCa aHIPOTreHOr peLenTopa ca HEeKHMM I03HATHM aHTAarOHUCTHMa OCTajy
Heno3Hate. [IpoTenHcka Kpucranorpaduja NpeacTaBjba MOhaH ajaT y cariieliaBamby
JleTajbHe CTPYKType NMpOTenHa, Kao ¥ BUXoBUX MHTepakuuja ca JJHK, nuranauma win
JpYrUM MPOTEMHUMA, AJIM HaM He Mpyka MH(OopMaluje o AMHAMHUIN NPOTEHH-JIUTaH/]
MHTepaKkiuja. TpeHyTHO, KpUCTAIOrpa)cKO HCIHUTHBAKE MOJIEKyJapHEe JMHAMUKE
NPOTEHH-JIUTaH]| KOMIUIEKCa JIMMUTHPAHO je Ha BeOMa KpaTKe, HelOBOJbHE BPEMEHCKE
MHTEpBaJIe, TAKO JIa je Y OBOM TPEHYTKY KOMIIjyTepcKa MOJIEKyJapHa JMHAMHKA HajOooJbH
n300p 3a H3yuaBame JUHAMHMKE MPOTEHMH-IMIaHA HHTEpakuuja. Y OBOM paxy CMO
KOPUCTHII MOJEKyJIapHu IOKMHT 3ajeqHo ca NAMD wmorekymapHOM AIHHAMHKOM
xopuctelin CHARM++ na mpeABUIMMO Be3MBakhe¢ HEKUX T0OPO ONMMCAaHWX aHTArOHHCTA
AHJPOTEHOT PELENTOPa KOjH Ce KOPUCTE 3a JIeUeHe KaHIepa MPOCTaTe U YIOPESAMUIN CMO
OBe pe3yJITaTe ca pe3yJTaTiMa Be3HMBama aHIPOreHOT pelenTopa 3a IPUpOIHE JIUraHe,
Kao ¥ (POPMH €CTPOTeHOT pEelenTopa 3a Pa3IMIUTe arTOHUCTE M AHTArOHUCTE.
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COMPARATIVE MOLECULAR DYNAMICS OF ANDROGEN
AND ESTROGEN RECEPTORS BOUND TO
AGONISTS AND ANTAGONISTS

M. Marinovié, E. Petri, A. Celié¢

Department of Biology and Ecology, Faculty of Sciences, University of Novi Sad, Trg Do-
siteja Obradovié¢a 2, 21000 Novi Sad
e-mail: maja@dbe.uns.ac.rs

Interactions of nuclear receptors with ligands, regulatory proteins and DNA are involved
in progression and development of many types of hormone-dependent cancers. Understan-
ding mechanisms of binding and specificity of nuclear receptors for their cognate ligands
could assist design of structure-based antagonists of nuclear receptors for treatment of
these forms of cancer. To date, structures of estrogen receptors alpha and beta, as well as
androgen receptor from humans and related organisms have been described by means of
protein X-ray crystallography. Their complexes with some ligands, agonists or antagonists
(estrogen receptor forms) have also been described. However, structures of some impor-
tant complexes of androgen receptor with antagonists remain unknown. Although protein
crystallography provides in-depth information about protein structure and its interactions
with ligands, DNA or other proteins, it does not allow us to follow the dynamics of protein-
ligand interactions. Moreover, crystallographic molecular dynamics is currently limited to
very short timescales, so computational molecular dynamics is currently the best option
for studying the dynamics of protein-ligand interactions. In our study we use molecular
docking coupled with NAMD molecular dynamics with a CHARM++ forcefield to predict
binding of some of well-described androgen receptor antagonists used in treatment of pro-
state cancer, and compare our results to structures of androgen receptor bound to natural
ligands and estrogen receptor forms bound to agonists and antagonists.

23" Conference of the Serbian Crystallographic Society



90 Tociiepcka caoniwitiersa

D®A3HA AHAJIM3A HAHOYECTHUIA CPEBPA
CTABMJ/IM30BAHUX Y JEKCTPAH CYJIDATY

M. IIserunos!, M. Crojanosuh!, M. Ilakuh?, C. Taummuh?, T. Huxoauh?,
I'. M. Huxoauh®, K. Ilakuh®

Yeitapitivan 3a gusuxy, Ipupogno-maitiemaitiuuxu (axynitein, Yuueepsuitein y Hoeom
Cagqy, Tpi Hocuinieja Obpagosuhia 4, 21000 Hoeu Cag, Cpbuja; *Texnonowxku gaxynitieit,
Yuueepsuitieii y Huwy, byresap Ocnoboherwa 124, 16000 Jleckosay, Cpoéuja;
SMeguyuncku axynitiei, Yuueepsuitieii y Huuty, Bynesap gp 3opana Bumhuha 81,
18000 Huw, Cpbuja

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

Hanouectuiie cpebpa crabuinzoBane y aexcrpan cyiadary (AgNPs - DS) cy cunte-
THCaHe W3 BOjEHOr pactBopa cpebpo uutpara (AgNO3) U HATPHjyMOBE COJIM JEKCTPaH
cyndara (DS) [1]. PeHAreHO-CTPYKTYPHOM aHAJIHM30M j€ YCTAHOBJHEHO MPHCYCTBO elie-
MEHTapHOT cpebpa U HBeroBa KpUCTAM3alMja YHyTap MOBPIIMHCKH [ICHTPHpaHe KyOHe
pemtetke [2]. Tlopen kpuctaiue ¢ase cpedpa, JETEKTOBAHE CY U KPUCTaTIHE (aze cpedpo
HUTpara W jaekctpad cyndara. [Ipema IllepepoBoj jemnauunu [3], mmpuna Bparose
pedexcuje Ha 38,20° 26 ykasyje Ha cpenmy BpegHOCT kpuctanurta ox 40+4 nm. OgHOC
NOBPIIMHA TMKOBA CBUX KpUCTaHUX (a3a y omHocy Ha nudy3HH aMOp(HH Xalo, yKasyje
Ha CTEeleH KpUCTaM3alije HCTUTHBaHEe KOMIIOHeHTe o1 34% + 4%.

[1] M. Cakié¢, S. Glisi¢, G. Nikoli¢, G. M. Nikoli¢, K. Caki¢, and M. Cvetinov, Journal of
Molecular Structure, 1110 (2016) 156-161.

[2] K. P. Bankura, D. Maity, M. M. R. Mollick, D. Mondal, B. Bhowmick, M. K. Bain,
A. Chakraborty, J. Sarkar, K. Acharya, and D. Chattopadhyay, Carbohydrate
Polymers, 4 (2012) 1159-1165.

[3] P. Scherrer, Nachrichten von der Gesellschaft der Wissenschaften zu Gottingen,
mathematisch-physikalische Klasse, (1918) 98-100.
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PHASE ANALYSIS OF DEXTRAN SULPHATE STABILIZE
SILVER NANOPARTICLES

M. Cvetinov!, M. Stojanovi¢!, M. Cakié?, S. Glisi¢?, G. Nikoli¢?, G. M. Nikoli¢?,
K. Caki¢®

1Department of Physics, Faculty of Sciences, University of Novi Sad, Trg Dositeja Obra-
dovica 4, 21000 Novi Sad, Serbia; ?Faculty of Technology, University of Nis, Bulevar
Oslobodenja 124, 16000 Leskovac, Serbia; *Faculty of Medicine, University of Nis, Bule-
var dr Zorana Pindica 81, 18000 Nis, Serbia

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

Dextran sulphate stabilized silver nanoparticles (AgNPs - DS) were synthesized from
aqueous solution of silver nitrate (AgNO3z) and dextran sulphate sodium salt (DS) [1]. The
presence of elemental silver in AgNPs - DS and its arrangement in face-centered cubic
lattice were confirmed by XRD analyses [2]. In addition to crystalline phase of silver,
additional crystalline phases of silver nitrate and dextrane sulphate were detected. Accord-
ing to the Scherrer equation [3], width of the Bragg reflection at 38.20° 20 indicates the
mean AgNPs crystallite size of 40+4 nm. Calculated from the all crystalline peaks to amor-
phous halo ratio, degree of crystallization of the AgNPs - DS is
34% =+ 4%.

[1] M. Cakié¢, S. Glisi¢, G. Nikoli¢, G. M. Nikoli¢, K. Caki¢, and M. Cvetinov, Journal of
Molecular Structure, 1110 (2016) 156-161.

[2] K. P. Bankura, D. Maity, M. M. R. Mollick, D. Mondal, B. Bhowmick, M. K. Bain,
A. Chakraborty, J. Sarkar, K. Acharya, and D. Chattopadhyay, Carbohydrate
Polymers, 4 (2012) 1159-1165.

[3] P. Scherrer, Nachrichten von der Gesellschaft der Wissenschaften zu Géttingen,
mathematisch-physikalische Klasse, (1918) 98-100.

23" Conference of the Serbian Crystallographic Society



92 Tociiepcka caoniwitiersa

SINTEZA KRATKIH VISESLOJNIH UGLJENICNIH NANOCEVI
I NJIHOVIH BROMNIH DERIVATA

Sanja Pani¢', Goran Bo§kovié!, Ivana Boriev?, Zeljka Cveji¢?, Srdjan Raki¢?, Elvira
DPurdié¢?, Aleksandar Dordevié¢?

YUniverzitet u Novom Sadu, Tehnoloski fakultet, Novi Sad, Srbija *Univerzitet u Novom
Sadu, Prirodno-matematicki fakultet, Novi Sad, Srbija
e-mail: ivana.borisev@dh.uns.ac.rs

Predmet istrazivanja ovog rada je bio razvoj metode otvaranja i cepanja ugljeni¢nih
nanocevi (UNC) sa ciljem njihove primene u procesima dopremanja bioloski aktivnih
komponenti. Viseslojne ugljeni¢ne nanocevi (VUNC) su sintetisane metodom kataliticke
hemijske depozicije iz etilena u prisustvu 5% Fe-Co/Al,Os katalizatora u laboratorijskom
reaktorskom sistemu. Nanocevi su nakon sinteze precis¢ene tretmanom u 3M NaOH i
koncentrovanoj HNOs, dekorisane nanodesticama Ag i izlozene struji vazduha pri defini-
sanim uslovima. Proizvod reakcije kataliticke oksidacije koji sadrzi kratke UNC je potom
preciséen ultrazvuénim tretmanom u razblazenoj HNOs. Strukturna karakterizacija je iz-
vrsena rendgenskom analizom i ramanskom spektroskopijom uzoraka. Rendgenskom a-
nalizom uoceni su karakteristi¢ni pikovi koji poti¢u od (002), tj. (26=25.8°) i (100) tj.
(260=43°) ravni. Najintenzivniji pik poti¢e od ravni (002) §to veoma jasno ukazuje na
grafitnu strukturu uzorka. U ramanskom spektru vidljivi su karakteristicni vibracioni mo-
dovi za UNC kao $to su ~1345 cm? (D-traka), ~1580 cm™ (G-traka), ~2685 cm™ (G’-
traka), ~2900 cm (2LO) and ~3220 cm™ (2G). Veoma slabi pikovi vibracija duz pre¢nika
cevi (radial breathing mode, RBM) (100-500 cm™) u ramanskom spektru su karakteris-
ti¢ni za VUNC zbog njihovog veceg promera u odnosu na jednoslojne ugljeni¢ne nanocevi
(JUNC). Karakteristi¢na struktura za VUNC je potvrdena i prisustvom malog pika na
~1610 cm* u dobijenom ramanskom spektru.

Ugljeni¢ne nanocevi su podvgrnute hemijskoj reakciji bromovanja na dva nacina, sa i
bez prisustva FeBrs; kao katalizatora. U oba slu¢aja su nakon dodatka te¢nog broma dobi-
jene smeSe meSane na magnetnoj mesalici u trajanju od 3 dana. Visak neizreagovanog
broma je otparen uz meSanje na 40°C. Poredenjem FTIR spektara nanocevi tretiranih bro-
mom uoc¢avaju se nove trake u bromnom derivatu na 1568 cm™ i 667 cm*. Takode je
primeéeno pomeranje traka sa 1115 cm™ na 1059 cm i sa 1401 cm™ na 1459 cm? kod
bromnog derivata dobijenog bez prisustva katalizatora.
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Slika 1. TEM snimak i Ramanski spektar kratkih VUNC
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SYNTHESIS OF SHORT MULTIWALLED CARBON
NANOTUBES AND THEIR BROMINE DERIVATIVES

Sanja Pani¢!, Goran Boskovi¢!, Ivana BoriSev?, Zeljka Cveji¢%, Srdjan Rakié?,
Elvira Purdié¢?, Aleksandar Dordevié?

tUniversity of Novi Sad, Faculty of Technology, Novi Sad, Serbia; 2University of Novi Sad,
Faculty of Sciences, Novi Sad, Serbia
e-mail: ivana.borisev@dh.uns.ac.rs

The object of this paper was to develop a suitable method for CNTs opening and cutting
in order to use their confined space for delivery purposes of biologicaly active compounds.
Multi-walled carbon nanotubes (MWCNTS) were produced by catalytic chemical vapor
deposition (CCVD) of ethylene over 5% Fe-Co/Al,O; catalyst in a home-made reactor
setup and subsequently purified under reflux in 3M NaOH and concentrated HNO3 solu-
tions, respectively, then decorated with Ag nanoparticles and exposed to the stream of air
under the suitable oxidation conditions. The product of catalytic oxidation treatment
(COX) reaction was further purified by ultrasonic treatment in diluted nitric acid. In order
to confirm the CNTSs type structure, X-Ray diffraction and Raman spectroscopy measure-
ments of investigated sample have been done. The obtained X-ray diffraction pattern
shows characteristic peaks correspond to the (002) i.e. (26=25.8°) and (100) i.e. (260=43°)
reflection planes. Pronounced intensity of peak maxima corresponding to (002), indicates
very well developed graphitic structure. Raman spectra shows characteristic vibration mo-
des for carbon nanotubes such as ~1345 cm™ (D-band), ~1580 cm* (G-band), ~2685 cm-
1 (G’-band), ~2900 cm™ (2LO) and ~3220 cm™ (2G). Very weak radial breathing mode
(RBM) peaks (100-500 cm™) in Raman spectra are characteristic for MWCNTS because
of their larger tube diameter compared to single walled carbon nano tubes (SWCNTSs).
Small shoulder at ~1610 cm™ indicates that the analyzed samples are high quality
MWCNTSs.

Carbon nanotubes have been subjected to a chemical reaction of bromination in two
ways, with and without FeBrs as a catalyst. After the addition of liquid bromine, the ob-
tained mixtures were stirred for 3 days and the excess of unreacted bromine was evapo-
rated with stirring at 40°C. Comparation of FTIR spectra of underivatized nanotubes to
the spectra of nanotubes treated with bromine showed new bands in bromine derivative:
at 1568 cm™ and 667 cm™. The shifts of the bands at 1115 to 1059 cm™ and from 1401
to 1459 cm within bromine derivative obtained without the presence of a catalyst were
observed.
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Fig. 1. TEM image and Raman spectra of short MWCNTSs
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CIIOCOBHOCT I'PEJAIbA ®EPODJIYUIA CUHTETUCAHUX
TEPMHUYKOM PA3I'PAIIbOM COJIHN Fe(acac)s
Y OPTAHCKOM PACTBAPAUY

H. Jopuh Opcunn?, B. Cnacojesuh?, B. ®. I'oja®

Uncimuinyit 3a nykneapme nayxe ,, BUHYA“, ILI1. 522, PC-11001 Beoipag, Cpbuja;
2Uncimuiniyiti 3a Hanonayxe Apaion, Jlefiapitiman 3a pusuxy Kougensoseane maiiepuje, Y-
nusepsuitieini y Capaiocu, Capaioca, lianuja

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

Jemna on obehaBajyhux TexHUKa y JeUCHY paka, Mope Tepanuje JICKOBHMA, je Mar-
HeTHa xuneprepmuja [1]. OBa TeXHUKa ce 3aCHUBA Ha CIOCOOHOCTH MarHETHUX HAHOYE-
CTHLA J]a 0CJI000/1¢ TOIUIOTHY CHEPTHjy Yy OKOJIMHY Kaja Ce N3JI0Ke HAN3MEHUYHOM Mar-
HETHOM TI0JbY. 3a cylneprapamMarHeTHe HAaHOYECTHIIA, MTpeJia3ak MarHeTHE Y TOIUIOTHY e-
Heprujy ce oaBuja Brownian-oBum u Néel-oBum mporecuma. CIIocoOHOCT rpejara HaHO-
KpHUCTalia yIIIaBHOM je oJpel)eHa BHXOBHM XEeMHUjCKUM CacTaBOM, e(peKTHBHOM aHH30TPO-
NHjOM MaTepujajia, BEIMYMHOM M OOJMKOM YECTHILE, PACIOJCIOM IO BEIUYHHH, Kao H
BHCKO3HOIINY TEYHOT MEIHjyMa.

Hanouecrtune maraeruta (Fes0.) nnn marxemura (y-Fe;03) cy meljy HajmpoyuaBasu-
JHUM CHCTeMHMa 32 IIPHUMEHY y Jiedely Tymopa xumeprepmujoM. Tparajyhinum 3a onrosa-
pajyhoM BeTmYMHOM M OOJIMKOM HAaHOYECTHIIa OKcHIa TBoxDha yTrBpheHo je ma moOpo
HCKpUCTAMCaHe KyOHEe HAHOYECTHIIe MarHeTuTa, Bennunne ~19 nm , 1ajy Hajeehy cromy
rpejama Kaja ce Hal)y y MpOMEHJbBOM MarHeTHOM HoJby [2].

Y oBOM pajy, HaHOUYeCTHIIe TBOXkIe OKCHIa Cy CHHTETHCaHE TEPMHYKOM pasrpamboM
Fe(acac)s conmu y opranckom pactBapady. ICIUTHBAH je yTHUIA] pa3IMUYUTHX [TapaMeTapa
peakuuje (kao IITO Cy Op3MHA 3arpeBama peaKkTaHarta, TeMIleparypa peakiuje, BpCTe
cypdakranara) Ha BennunHy HaHodectrua. OapkaBajyhin KOHCTAHTHOM KOHIIEHTPALH]Y
joHa rBoXkha y aykoxoiy, yTBPAWIM CMO Ja je Op3uHa rpejara BEPOBATHO HAjBAXKHU]H
¢daxTop y oxpehuBamy BenuuuHe dectuna. JloOujeHe cy HaHOuecTHIle OKcuaa rBoxha
HpocevHe BeJn4uHe o/ 6 10 12 NM u ycke pacrionese no BenudnHu. CBH y30pILH MOKa3yjy
cylneprapaMarHeTHO TIOHAIIake Ha COOHOj TEMIepaTypH M UMajy BUCOKY CaTypaloOHY
MmarHeru3anujy. Hajoospy crocoOHOCT rpejama, n3paxkeHy Kpo3 BpeIHOCT cenupuyHe
6p3une ancopnuuje (SAR), mokasyje pepodiyna ca cpenmnoM BETUYMHOM YecTria, <d>
~12 nm. YV oBOM y30pKy je JieTaJbHO IpoydeHa 3aBUCHOCT SAR BpenHOCTH 0] (hpeKBeH-
IIMje ¥ jaunHe MarHeTHOT 1oJba. Y MAarHeTHHUM IoJbuMa Hcte jaunHe Ho, mpoHaleHa je
KkBasipatHa 3aBucHOCT SAR ox ppexsennuje. [lopen Tora, HaljeHa je kBagpaTHa 3aBUCHOCT
SAR BpesHOCTH 01 jaurHe MarHEeTHOT 1oJba, Ho Kaja oHo ociiuityje ucToM (GppeKBEeHIH-
JOM, HITO je yKa3ajo Ha CyneplapaMarHeTHO MOHANIAkhe OBUX HAHOKPHUCTAJIA U JOMHHA-
11jy Néel-oBor MexaHH3Ma TpaHc(opMaIlije MarHeTHE Y TOTUIOTHY €HEPIHjy.

[1] Q. A. Pankhurst, N. K. T. Thanh, S. K. Jones, J. Dobson, J. Phys. D: Appl. Phys., 42
(2009) 224001 (15pp)

[2]P. Guardia, R. Di Corato, L. Lartigue, C. Wilhelm, A. Espinosa,
M. Garcia-Hernandez, F. Gazeau, L. Manna, T. Pellegrino, ACS Nano, 6 (2012) 3080—
3091.
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THE INHERENT HEATING ABILITY OF FERROFLUIDS
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One of the promising techniques in cancer treatment, aside drug therapy, is a magnetic
hyperthermia [1]. This technique is based on ability of magnetic nanoparticles to release
heat to surrounding media when are expose to alternating magnetic field. For superpara-
magnetic nanoparticles, the transformation of magnetic to thermal energy is governed by
Brownian and Néel processes. The heating ability of nanocrystals are mainly determined
by the chemical composition, the effective anisotropy of material, particle size, shape and
size distribution, as well as the viscosity of liquid medium.

Nanoparticles of magnetite (Fes0.) or maghemite (y-Fe,O3) are among the most stud-
ied systems for hyperthermia tumor treatment. Searching for specific size and shape of
iron oxide nanoparticles it was found that well crystallized cubic FesO4 nanoparticles of
size ~19 nm gave the highest heating rate when are exposed to ac magnetic field under
biologically relevant conditions [2].

In this work, iron oxide nanoparticles were synthesized by high-temperature decom-
position of Fe(acac)s salt in organic media. Influence of different reaction parameters
(such as the heating rate, the reaction temperature, kind of surfactant) on the particles size
was studied. Keeping a constant concentration of iron ions in alcohol, we have found that
the heating rate probably is the most important factor in determining particle’s size. Well
crystallized iron oxide nanoparticles with average particle size ranging from 6 to 12 nm
and narrow size distribution were obtained. All samples show superparamagnetic behavior
at room temperature and have high saturation magnetization. The best heating perfor-
mance, expressed through the Specific Absorption Rate (SAR) value, shows the ferrofluid
with a mean particle size, <d>~12 nm. The SAR dependence on frequency and magnetic
field amplitude has been studied in detail in this sample. A quadratic dependence of the
SAR value upon frequency, f at fixed field amplitude Ho was found. In addition, validity
of the square law in SAR vs. Hy is confirmed at fixed frequency, indicated pure superpar-
amagnetic behavior of these nanocrystals with the dominant Néel mechanism of heat gen-
eration.

[1] Q. A. Pankhurst, N. K. T. Thanh, S. K. Jones, J. Dobson, J. Phys. D: Appl. Phys., 42
(2009) 224001 (15pp)

[21P. Guardia, R. Di Corato, L. Lartigue, C. Wilhelm, A. Espinosa,
M. Garcia-Hernandez, F. Gazeau, L. Manna, T. Pellegrino, ACS Nano, 6 (2012) 3080—
3091.
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MODEL SISTEMI ZA FLUORESCENCIJU FLUORAPATITA
ZASNOVANI NA KRISTALOGRAFSKIM |
KVANTNO-HEMIJSKIM PODACIMA

G. Janji¢!, D. Milojkov?, V. Stanié3

!Institut za Hemiju, Tehnologiju i Metalurgiju, Univerzitet u Beogradu, NjegoSeva 12, Be-
ograd, Srbija; ?Tehnoloski fakultet,Univerzitet u Novom Sadu, Bulevar cara Lazara
1,Novi Sad, Srbija; 3Institut za nuklearne nauke ,, Vinca“ Univerzitet u Beogradu, P.O.
Box 522, Beograd, Srbija

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

Hidroksiapatit (HAp) i fluorapatit (FAp) su dobro poznati biomaterijali jer pred-
stavljaju glavne komponente kostiju i zuba. Sinteticki HAp i FAp se smatraju potencijal-
nim biomaterijalima zbog svojih bioloskih, biokompatibilnih i antibakterijskih aktivnosti.
Razni metalni joni kori§¢eni su za dopiranje hidroksiapatitnih i fluorapatitnih biomateri-
jala, sa ciljem da se dobiju bolja svojstva [1]. HAp i FAp dopirani retkim zemljama (RE)
su potencijalni luminescentni biomarkeri. Jo§ jedna veoma bitna karakteristika
nanocesti¢nih bioapatita je moguénost zamene jona metala, kao §to su joni lantanida koji
predstavljaju nove luminescentne centre.

Da bi kreirali model sistem za kvantno-hemijske prorac¢une koji mogu da reprodukuju
fluorescentne spektre dopiranih fluorapatita, uradena je analiza kristalnih struktura. Ana-
liza kristalnih struktura dobijenih iz Baze kristalnih struktura ¢asopisa ,,American Miner-
alogist“ (AMCSD) pokazala je da FAp imaju heksagonalnu simetriju (prostorna grupa
P63/m ), koja je izgradena od jona metala (Ca, Sr, NA, Ce, Mn, La, Nd, Cd, Di, U ili Th),
trovalentne anjonske grupe (PO4* ili SiO4%"), i monovalentnog anjona (F-, OH-, i CI). U
ovim strukturama postoje dva simetrijski neekvivalentna poloZaja jona Ca?*: poloZaji | i
11 (vidi sliku dole). Ab initio proracuni fluorescentnih spektara su uradeni za tri geometrije,
sa jonima metala u polozajima I i II polozaju, dok tre¢i model sistem sadrzi tri katjona
matala, tri PO4®" jona i F~ jon u centru (luminiscentni centar). Tre¢i model sistem pokazao
je najbolje slaganje sa eksperimentalnim podacima.

A% T >< ¢ <
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POLOZAJ I POLOZAJ 11 LUMINESCENTNI
CENTAR

[1] V. Stani¢, A. Radosavljevi¢-Mihajlovié, V. Zivkovié-Radovanovié, B. Nastasijevié,
M. Marinovi¢-Cincovi¢, J. Markovi¢, M. Budimir Milica, App. Surf. Sci., 337 (2015)
72-80.
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Hydroxiapatite (HAp) and fluorapatite (FAp) are well known biomaterials being the main
components of bones and teeth. The synthetic HAp and FAp are considered as potential
biomaterial due to bioactive and biocompatible and antibacterial activity. Various metal
ions, have been used to doped hydroxyapatite and fluorapatite biomaterials with in order
to get better activity [1]. The rare-earth (RE) doped HAp and FAp are prospective lumi-
nescent biomarkers. Another very important characteristic of nanosized bioapatite is its
structural capacity to accept many ionic substitutions such as lanthanide ions as new lu-
minescent centers.

To create a model system for quantum-chemical calculations that can reproduce the
fluorescent spectra of doped fluorapatite analysis of crystal structure were done.The anal-
ysis of crystal structures extracted from American Mineralogist Crystal Structure Database
shown that FAp has a hexagonal symmetry (space group P6s/m), with metal cation (Ca,
Sr, Na, Ce, Mn, La, Nd, Cd, Dy, U or Th), trivalent anionic group (PO4 or SiO4), and
monovalent anion (F~, OH", and CI). In these structures there are two non equivalent Ca®*
positions: position | and position 11 (see figure below). Ab initio calculations of fluores-
cence spectra were done on three geometries with metal ion in positions | and I, while the
third model system contains three metal cations, three PO4*~ anions and F~ ion in the center
(luminescence center). The third model system showed the best agreement with the exper-
imental data.
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[1] V. Stani¢, A. Radosavljevi¢-Mihajlovié, V. Zivkovié-Radovanovié, B. Nastasijevié,
M. Marinovi¢-Cincovi¢, J. Markovi¢, M. Budimir Milica, App. Surf. Sci., 337 (2015)
72-80.
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M. Wedel?, P. Manuel?, A. Markvardsen?

!European Spallation Source ERIC, Universitetsparken 5, 2100 Copenhagen, Denmark;
2ISIS Facility, Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, UK
e-mail: michael.wedel@esss.se

Mantid je ,,open source softverski paket za redukciju podataka dobijenih u eksperi-
mentima neutronskog rasejanja [1]. Razvitak programa je zapoceo 2007. i u ovom
trenutku ga koriste i unapreduju brojna instrumentalna postrojenja. U buduénosti ¢e biti
koris¢en kao glavni program za redukciju podataka u Evropskom spalacionom izvoru, gde
je potreba za brzom obradom podataka usled velikog broja neutronskih
eksperimenata veliki izazov Da bi sluzio kao prilagodljiv paket za razlicite oblasti
eksperimentalnih tehnika kao $to su difrakcija, spektroskopija, refraktometrija i drugo,
Mantid pruza veliki broj algoritama. Ovi algoritmi obraduju ulazne i proizvode izlazne
podatke u obliku radnih povrsina kao $to su podaci neutronskih pojava merenih sistemom
detektora ili liste integrisanih refleksija dobijenih rezli¢itim difrakcionim eksperimentima.
Softver se unapreduje dodavanjem algoritama napisanim u C++ ili Python programu,
korisnici interaguju sa programom kroz grapicki intefejs ili uvodeéi delove Mantid pro-
grama kao pakete u svoje Python skripte. Delovi koji su zajednicki za razne algoritme su
na raspolaganju kao mreza programskih biblioteka.

Neke funkcije vezane za kristalografiju, poput obrade jedini¢ne ¢elije ili pojedinih
aspekata tackastih grupa, prisutne su u obliku spomenutih biblioteka ve¢ godinama, ali da
bi se primenili napredniji algoritmi, bilo je potrebno dodati i druge funkcije.

Do sada je postojeca impementacija tackastih grupa ponovo napisana na osnovu
pristupa teorije grupa [2], $to je kasnije iskori§¢eno za modelovanje simetrije prostornih
grupa. Ovakav pristup je omogucio rerser LM
dodavanje brojnih naprednih
poboljsanja kao §to je pruzanje dodatnih
informacija prilikom indiciranja difrak-
tograma praha ili kreiranje maski sa pro-
cenjenim intenzitetima pikova preko | -
difrakcionih podataka sa monokristala ' | .
(SI. 1). Strukturni podaci za kreiranje i
takvih maski mogu se uvesti iz CIF -
fajlova uz pomo¢ PyCifRW biblioteke =~ . ©
[3]. Korisnicka dokumentacija za nove | s
opcije je dostupna kao deo ,online“ e |
pomo¢i [4], dok je dokumentacija za
programere dostupna u izvornom kodu
softvera.

Slika 1: Maska sa izra¢unatim relativnim
intenzitetima pikova preko izmerenih neutronskih
difrakcionih podataka sa monokristala.

[1]O. Arnold, et al, Nucl. Instr. Meth.
Phys. Res A, 764 (2014) 156-166.
[2] U. Shmueli, Acta Crystallogr. A, 40 (1984) 559-567.
[3]J. Hester, et al, PyCifRW, https://bitbucket.org/jamesrhester/pycifrw
[4] M. Wedel, http://docs.mantidproject.org/nightly/concepts/SymmetryGroups.html
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EXTENDING MANTID’S SUPPORT FOR CRYSTALLOGRAPHY
M. Wedel?, P. Manuel?, A. Markvardsen?

'European Spallation Source ERIC, Universitetsparken 5, 2100 Copenhagen, Denmark;
2ISIS Facility, Rutherford Appleton Laboratory, Chilton, Didcot, Oxfordshire, UK
e-mail: michael.wedel@esss.se

Mantid is an open source software package for reduction of data obtained in neutron scat-
tering experiments [1]. It has been under development since 2007 and is currently used
and developed at multiple facilities. In the future it will be used as the main data reduction
program at the European Spallation Source, where new challenges such as higher neutron
event rates and live processing of data have to be tackled. In order to serve as a versatile
reduction package for different technique areas such as diffraction, spectroscopy, reflec-
tometry and others, Mantid provides a collection of algorithms. These algorithms process
input and produce output in the form of workspaces that contain data such as neutron
events measured in a detector bank or lists of integrated reflections from a diffraction ex-
periment. Developers extend the framework by adding algorithms written in either C++
or Python, users interact with the program through a graphical interface or by importing
aspects of Mantid as packages into their Python scripts. Parts that are common between
multiple algorithms are provided in the framework as libraries.

Some crystallography related functionality dealing with unit cells and certain aspects
of point groups had already been present in one of these libraries for a number of years,
but for implementing some advanced algorithms more functionality was required.

To this end, the existing implementation of point groups was rewritten based on a
group theoretical approach [2], which was later also used to model space group symmetry.
This allowed for adding a number of fur- Prerser IR
ther higher level improvements such as
generating supporting information for
powder diffraction pattern indexing and
creating visual overlays of single crystal
diffraction data and estimated peak in-
tensities (Fig. 1). Crystal structure data L
for creating such overlays can be loaded IZ

from CIF files through the PyCifRW-Ii-
brary [3]. User documentation for the = .
new features is available as part of the | s
online help [4], developer documenta- s+ e
tion is included in the source code of the
software.

o Lowi0

Fig. 2. Overlay of measured neutron single crystal
diffraction data with calculated relative peak

intensities.
[1] O. Arnold, et al, Nucl. Instr. Meth. intensities

Phys. Res A, 764 (2014) 156-166.

[2]1 U. Shmueli, Acta Crystallogr. A, 40 (1984) 559-567.

[3]J. Hester, et al, PyCifRW, https://bitbucket.org/jamesrhester/pycifrw

[4] M. Wedel, http://docs.mantidproject.org/nightly/concepts/SymmetryGroups.html
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