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FROM MOLECULES TO MULTIPLE CRYSTAL FORMS:
A CRYSTAL ENGINEERING JOURNEY

Fabrizia Grepioni®

"University of Bologna, Department of Chemistry G. Ciamician, via Selmi 2, 40126
Bologna, Italy
email: fabrizia.grepioni@unibo.it

Rational design and construction of crystalline solids with predefined architectures and
physical properties starting from the choice of the molecular components, e.g. crystal
engineering, is often challenged by a serious draw-back, i.e. due to the fact that it is
difficult, and times impossible, to devise structure-property or structure-function
relationships with an acceptable degree of confidence in cases when the end-product, the
crystal, can be only one of many. The practical consequences of this “uncertainty principle”
are enormous as they impact on the stability, processability, reproducibility, even transport
and manufacture conditions, hence on the market potentials, of any chemical species.

Co-crystals represent a means to further expand the variability of crystal forms and to
access new solid state properties. The great potential of co-crystals resides in their different
properties (solubility, dissolution rate, melting point, colour, etc.) with respect to those of
the single entity crystals. At the same time the process of co-crystal formation does not alter
the chemical integrity of the component of interest, such as an active pharmaceutical
ingredient. In fact co-crystals are at the forefront of the quest for novel crystal forms,
mainly, but not only, because of the interest in the pharmaceutical field and in all areas
where the final products are commercialized and utilized in their solid state forms. In the
academic world co-crystals are intensively investigated also because they provide new
insights into mechanisms of recognition, assembly and packing.

molecule
molecule
molecular interactions
composition
structure
properties

solubility  thermal stability

morphology

[1] D. Braga, L. Maini, F. Grepioni, Chem. Soc. Rev., (2013), DOI:10.1039/C3CS60014A.
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(2011) 2214 - 222.
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NON-CENTROSYMMETRIC - STILL AN ISSUE?

Horst Borrmann

Max Planck-Institute for Chemical Physics of Solids, No&thnitzer Strasse 40, 01187
Dresden, Germany
e-mail: borrmann@cpfs.mpg.de

Non-centrosymmetric superconductors, skyrmions or chiral metals are currently 'hot
topics' in solid state physics. They are all related to non-centrosymmetric crystal structures
which happen to be very simple in general. High symmetrie space groups and small unit
cells provide for small numbers of independent Bragg reflections only. This already induces
particular problems for mainly statistical methods like Flack's approach to determine the
correct absolute structure. Heavy atoms at special positions are adding even more problems.
Particular examples like PdGa will be presented and discussed.

Another variation of basically the same problem will be presented for molecules
related to tartaric acid. To which extent are the results from routine single crystal
experiments reliable and where are special efforts needed?
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NON-COVALENT INTERACTIONS - THEORETICAL INSIGHTS
AND EXPERIMENTAL EVIDENCES

S.J.Grabowski*

*Faculty of Chemistry, University of the Basque Country UPV/EHU, and Donostia
International Physics Center (DIPC), P.K. 1072, 20080 Donostia, Spain; bIKERBASQUE,
Basque Foundation for Science, 48011 Bilbao, Spain.

e-mail: s.grabowski@ikerbasque.org

Hydrogen bond is the subject of numerous studies since it plays the key role in
chemical and biochemical processes [1,2]. There are also numerous evidences of the
existence of this type of interaction in crystal structures where it is responsible for the
arrangement of molecules [1-3]. However there are the other non-covalent interactions [4,5]
which are the subject of extensive investigations; for example, dihydrogen bond, halogen
bond or the hydride bond.

It was found that these interactions are ruled by the same or at least by the similar
mechanisms [6]. For example, the A-H...B hydrogen bond formation usually leads to the
increase of the positive charge of H-atom and the decrease of its volume [7,8]. The same is
observed for the A-X...B halogen bond where X halogen atom plays the role of the Lewis
acid center. The formation of the halogen bond is connected with the increase of the
positive charge of the X-atom and the decrease of its volume [9,10].

All mentioned above interactions may be classified as the Lewis base — Lewis acid
interactions where the electron charge transfer is observed from the Lewis base unit to the
Lewis acid [6]. It seems that all these interactions may be explained in terms of the o-hole
concept [5,11]. Briefly speaking, they may be considered as contacts between parts of
molecular spheres characterized by the opposite electrostatic potentials. For example, for
the C-X bond, the X halogen atom possesses the positive electrostatic potential on the
extension of this bond. Hence the C-H...B halogen bond may be formed which is
characterized by the linear arrangement of the C-X...B atoms. The same X atom may act as
the Lewis base center in the direction perpendicular, or nearly so, to this C-X bond forming,
for example, the A-H...X-C hydrogen bond. There are numerous evidences of such dual
character of X atoms in the crystal structures [12].

This is important that the elements of the 14-17 groups of the periodic table are
also often characterized by such dual character [11]; there are studies on so-called
chalcogen [13] or pnictogen bonds [14]. One can mention that all of these non-covalent, or
Lewis acid — Lewis base interactions are detected in the real crystal structures.

The differences and similarities between them and their experimental evidences
are discussed here as well as the chemical processes related to them. For example, for the
ZH, (Z designates the 14™ group elements, C. Si, Ge and so on) molecule and its
derivatives the Z-atom possesses the fragments of the sphere with the positive electrostatic
potential and may interact as the Lewis acid center with Lewis bases. The latter interactions
may be treated as the preliminary stages of the S\2 reactions.
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SPONTANEOUS RESOLUTION TO RACEMIC AND
DIASTEREOMERIC CONGLOMERATES- ENANTIO- AND
DIASTEREOSELECTION THROUGH CRYSTALLIZATION

Christoph Janiak

Institute for Inorganic and Structural Chemistry, Heinrich-Heine University Diisseldorf,
Universitétsstr. 1, D-40225 Diisseldorf, Germany.
e-mail: janiak@uni-duesseldorf.de

For a racemic mixture of a chiral compound there appears to be a favorable interaction
between opposite enantiomers in the solid state, that is, upon crystallization. Heterochiral
crystals (containing a racemic mixture) have been associated with better space filling than
homochiral solids (containing only one enantiomer).

Racemic crystals occur more frequently than racemic conglomerates [1].

A racemic crystal is a crystalline racemate in which the two enantiomers are present in
equal amounts in a well defined arrangement within the lattice of a homogeneous
crystalline addition compound [1,2].

A racemic conglomerate is an equimolar mechanical mixture of crystals each one of which
contains only one of the two enantiomers present in a racemate. The process of its
formation on crystallization of a racemate is called spontaneous resolution, since pure or
nearly pure enantiomers can often be obtained from the conglomerate by sorting [2,3].

The phenomenon of preferred mirror image recognition in the solid is commonly referred to
as ‘Wallach’s rule’ [1].

Here we will present and discuss results from our work where spontaneous resolution or
diastereoselection gave rise to racemic or diastereomeric conglomerates, respectively.
Complex [Rh((R/S)-N-phenylglycinato)(n*-cod)] spontaneous resolves to a racemic
conglomerate with homo-chiral enantiomers arranged in either (left-handed, M) 4;- or
(right-handed, P-)4,-helical chains (tetragonal, chiral space group P4; or P4,), respectively,
through hydrogen bonding and van der Waals interactions [1]:

spontaneous

Rh resolution

0" "NH-Ph ———>
upon
crystallization

o~

RIS % .
(M) 4;-helical chains (P) 4,-helical chains



8 XX KOHPEPEHLINJA CPIMCKOIr KPUCTATOIPASGCKOI™ APYLLUTBA

In the solid-state the (R) ligand chirality induces a A-M configuration and the (S) ligand
chirality quantitatively gives the A-M configuration upon crystallization of four-
coordinated, non-planar Zn(A”B), complexes with bidentate enantiopure (R)-A”B or (S)-
A”B Schiff base ligands. However, the diastereoselections of the pseudo-tetrahedral zinc-
Schiff base complexes in CDCl; solution — investigated by '"H NMR and by vibrational
circular dichroism (VCD) spectroscopy — indicates an equilibrium of both A- and A-
diastereomers with a diastereomeric ratio of roughly 20:80% [1]:

L Zn-R-1 1
200 ..... j (R)
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The pseudo-tetrahedral complex bis[N-{2-pyridyl}salicylaldiminato-k*N,O]zinc(II) is
constructed from fully achiral ligands and forms A/A enantiomeric pairs which give rise to
spontaneous resolution into homochiral crystals in the solid state, crystallizing in the
tetragonal chiral space groups P4;2,2 or P4,4,2, respectively:

N ]
\\Zn"'o ! o"'Zn,..
(0] \ ' | O
N Na : _N N
B | g
7N E A X

[1] L. Kalf, B. Calmuschi, U. Englert, CrystEngComm, 4 (2002) 548-551; and ref. in there.
[2] G. Moss, Pure Appl. Chem., 68 (1996) 2193-2222.

[3] G. P. Moss, Basic Terminology of Stereochemistry (IUPAC Recommendations 1996),
http://www.chem.qmul.ac.uk/iupac/stereo/

[4] O. Wallach, Liebigs Ann. Chem., 286 (1895) 90. C. P. Brock, W. B. Schweizer, J. D.
Dunitz, J. Am. Chem. Soc., 113 (1991) 9811.

[5] C. Janiak, A.-C. Chamayou, A. K. M. R. Uddin, M. Uddin, K. S. Hagen, M. Enamullah,
Dalton Trans., (2009) 3698-3709. M. Enamullah, A. Sharmin, M. Hasegawa, T. Hoshi, A.-
C. Chamayou, C. Janiak, Eur. J. Inorg. Chem., (2006), 2146-2154.

[6] A.-C. Chamayou, S. Liideke, V. Brecht, T. B. Freedman, L. A. Nafie, C. Janiak, Inorg.
Chem., 50 (2011) 11363-11374.
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KNOWLEDGE-BASED ENERGY PROFILING OF PROTEIN
SUBSTRUCTURES: INSIGHT INTO PROTEIN-BACKBONE
H-BONDS CONTRIBUTION TO PROTEIN-PEPTIDE BINDING

Nenad Juranic¢

Rochester, Minnesota 55906, USA
e-mail: juranic.nenad@gmail.com

Protein structures in solution differ from those in crystals due to increased mobility and
interaction with solvent, as evidenced by various spectroscopic techniques. Furthermore,
interaction of proteins in solution with other substrates (drugs) is commonly verified by
spectroscopic monitoring of some structural parameters changes. It is of great importance to
understand how a limited set of structural parameters obtained by spectroscopy relate to
protein overall energetics. Theoretical calculation can be used effectively on truncated local
geometries, but a consequence of a truncation is difficult to asses in a highly cooperative
protein structure. This difficulty pawed way to so called ‘“knowledge-based” method for
protein substructure energy profiling. The method calculates population distribution of
selected structural parameters in the Protein Data Bank and converts it into a “free-energy”
profile via Boltzmann equation for statistical distribution of energy states. Here we applied
this method to assess protein-backbone H-bond contribution to protein-peptide binding in
the case of calcium-loaded-calmodulin (20loCaM) binding to protein-membrane-calcium-
pump (PMCA) peptide.

Protein-ligand binding involves numerous energetic contributions whose interplay
is difficult to asses from thermodynamic considerations only. Investigation of the backbone
dynamics by NMR relaxation revealed surprisingly little change upon peptide binding;
there seems to be only a slight stiffening of the backbone in CaM/peptide complexes.
Whether such an effect of reduced backbone mobility can be compensated by decreased
conformational enthalpy (enthalpy-entropy compensation), is difficult to document for
proteins in solution. However, using the most direct technique for the study of H-bonds in
solution, we observed a significant response of H-bond "™Jyc spin-spin couplings in the
CaM backbone to the binding of the PMCA peptide. The number of detectable H-bond
couplings is greatly increased (Figure 1), indicating that ligand binding may be
substantially assisted by gains in H-bonds which can reduce backbone conformational
enthalpy. The ™Jyc coupling is mainly dependent on two parameters of protein backbone
H-bond geometry, the H---O bond distance (dyo) and the H---O-C’ bond angle (ap). One can
use the knowledge accumulated in the x-ray crystallographic structural data banks to obtain
a statistical distribution of dyo and ap in protein o-helices and derive relative energies
associated with these H-bond geometries. We calculated the corresponding energy map
from geometries of ~ 11,000 H-bonds of a-helices found in the high resolution (< 1.2 A)
structures of ~230 proteins from Protein Data Bank (selected as unique folds), applying the
“knowledge based” algorithm. The energy map obtained (Figure 1) has maximal binding
energy of -2.5 kcal/mol at dyo ~ 1.99 A and ap ~ 150 deg. (the ideal o-helix values); the
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value tapers to zero at dyo > 2.6 Aor |ao -150[>30. From the same H-bond geometries used
for the energy mapping we can calculate " e couplings and get insight into their relation
to the energy for the a-helix. By applying the known formula for calculating ™/ from H-
bond geometry, we established a demarcation between detectable (h3JNC, > 0.2 Hz) and
undetectable H-bond couplings in the energy map, as shown in Figure 1.

80T
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Figure 1. Left) Percentage of the canonical H-bonds in CaM helices detected by "Jyc (red), or
calculated based on X-ray crystal structure geometries (yellow). The bottom diagram compares the H-
bonds of ligand-free ho/oCaM in the crystal structure and in solution (overlay of the corresponding X-
ray and NMR structures is displayed to the left). The top diagram shows the percentage of H-bonds
detected in the oloCaM bonded to PMCA peptide (NMR structure is displayed to the left; peptide-
ligand is colored green). Right) The a-helix conformational energy per H-bond as function of H-bond
distance (dyo) and acceptor angle (ag , H---O-C). The thick curved line delimits the region (left-
down, to smaller dyo and 180-00) where the magnitude of the H-bond couplings is above the
detection threshold.

According to the energy map, a shift in the H-bond geometry from one that is not
detectable by ™Jyc couplings to one that is, results in an average reduction of the
conformational energy by ~ -1 kcal/mol per H-bond. We have detected 10 more "Jyc
couplings in calmodulin helices upon peptide binding, which translates in a lower backbone
conformational energy by up to 10 kcal/mol. Micro-calorimetry of holoCaM/PMCA
formation gives a net enthalpy of binding AH = -19 kcal/mol, which means that the
indicated change of the H-bond related enthalpy of the protein backbone can make
significant contributions to the free-energy of binding. These findings suggests that protein
backbone entropy-enthalpy compensation of conformational energy has more general
importance for protein-ligand binding than usually assessed by methods that do not detect
directly H-bonds in solution.
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FROM PHOTOCHEMICAL AND NON-PHOTOCHEMICAL
NUCLEATION INDUCED BY LASER TO EXPERIMENTAL AND
THEORETICAL INTERACTION ENERGY DETERMINATION:
CARBAMAZEPINE FORM 111, A COMPLETE STUDY.

Anne Spasojevic-de Biré*, Aziza Ikni®, Nouha El Hassan *, Bertrand Clair *, Philippe
Scouflaire”, Jean-Michel Gillet?, Nour Eddine Ghermani *

a Laboratoire “Structures Propriétés et Mod¢lisation des Solides”, UMR 8580 du
CNRS, Ecole Centrale Paris, 92295 Chatenay-Malabry, France; b Laboratoire
EM2C, UPR 288 du CNRS, Ecole Centrale Paris, 92295 Chatenay-Malabry Cedex,
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This paper deals with the nucleation of the carbamazepine (CBZ) molecule by
using the Non Photochemical Laser Induced Nucleation (NPLIN). This method is recently
demonstrated by Garetz (1) in the crystallization of Glycine (2), urea (3), and L-Histidine
(4). This paper focuses on the CBZ molecule crystallization. It was observed that on being
exposed to the pulsed nanosecond laser (Q-switched Nd: YAG ) with wavelength of 532
nm, the CBZ solutions yield an orange coloration. The hypothesis behind the orange
coloration is a photochemical reaction that produces iminostilbene from the CBZ. This
reaction occurs by breaking the N-CONH, bond, the most fragile bond of the molecule and
adding hydrogen to the N atom from the surrounding water molecule, present as the solvent
or in the moisture. This paper is aimed to verify experimentally the hypothesis. We have
imposed proper experimental conditions in order to avert the photochemical reaction
resulting in orange coloration and to produce the crystal of CBZ from its solution at the
metastable state by NPLIN. The influence of the solvents in the occurrence of the
photochemical reaction was also studied in this experiment. Indeed, we used methanol
which is a polar protic solvent and Acetonitrile which is a polar aprotic solvent. The effect
of polarization of laser beam on the crystal morphology and impact of energy on the
crystallization was also studied by using both the linearly and circularly polarized light at
different values of energy. We have for the first time shown that it is possible to obtain
carbamazepine crystals using the NPLIN technique, avoiding any photochemical reaction.
Moreover, we have obtained in a few days, under stable conditions, large crystals of form
IIT) high quality (fig 1). The experimental electron and electrostatic properties of
carbamazepine drug molecule (form III) were determined from accurate high resolution X-
ray diffraction data collected at 100 K. The results are compared to quantum mechanics
calculations for gas-phase molecule and multimers. The experimental electron density was
refined using the Hansen-Coppens multipole formalism and the deformation electron
density maps are compared to the theoretical ones. Both experimental and theoretical
deformation electron density maps presented here are based on Clementi’s promolecule
densities used as a reference. The topological analysis of the carbamazepine electron
density using Bader’s theory has been carried out and the integrated atomic charges are
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presented and compared to those obtained for molecules with equivalent chemical
fragments. The charge values compare qualitatively well with those obtained by theoretical
calculations. The electrostatic potential features and the interaction electrostatic energies
are also discussed. (5)

This study is a part of an ANR NPLIN-4-drug project (Non Photochemical Light
Induced Nucleation for drug). One of the hypotheses of the nucleation mechanism is based
on the pre-existence of molecular clusters in the supersaturated solution. For these
molecular clusters, the polarisability tensor symmetry would play a crucial role in
agreement with an optical Kerr effect. A target molecule actually studied in our group is the
CBZ molecule. In that context, an estimation of the binding energies has been carried out in
this study. The results show clearly that the first stable dimer formed is that displaying the
strongest NH O hydrogen bond (-64.42 kJ.mol™). The second strongest cluster (-32.37
kJ.mol") binds through the pi-pi (SH) interaction. Considering these first two interactions,
the crystal packing could be described as a 1D chain of homosynthons connecting each
other through the pi-pi (SH) interaction. When taking into account the third interaction (-
23.10 kJ.mol™) a 3D crystal packing is formed. (fig 2).

Fig2. The five clusters of two molecules. The molecular surface of each cluster is colored
by the experimental electrostatic potential (see colored scale). In the center a 3D crystal
packing representation where the non covalent short interaction are represented with a
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green dashed line. The five clusters are in the same orientation than the crystal packing in
the center of the figure.

1. Garetz B.A. et al, Phys. Rev. Lett. (1996)

2. Zaccaro J., et al, Cryst. Growth & Des. (2001)

3. Garetz B.A. et al, Phys. Rev. Lett. (2002)

4. Matic, J. et al, Cryst. Growth Des. (2005), Sun X. et al, Phys. Rev. Lett. (2006)
5. El Hassan N. et al, Cryst. Growth Des. in press, (2013)



14 XX KOHPEPEHLINJA CPIMCKOIr KPUCTANTIOIPASCKOI™ APYLLUTBA

NANOMETER SCALE STRUCTURE FROM TOTAL SCATTERING
APPROACH - OVERVIEW OF THREE CUBIC SYSTEMS

Emil S. Bozin

Condensed Matter Physics and Materials Science Department, Brookhaven National
Laboratory, Upton, NY 11973, USA
email: bozin@bnl.gov

Wealth of interesting functional materials displays physical phenomena of interest for
potential technological applications, such as high performance thermoelectricity (TE),
negative thermal expansion (NTE), and metal-insulator transitions (MIT). These systems
often possess structural fluctuations on a nanometer lengthscale that are very difficult to
characterize using conventional crystallographic approaches. X-ray and neutron total
scattering based methods, such as the atomic pair distribution function (PDF) technique, are
extremely valuable tools in such cases, allowing us to track evolution of nanoscale
fluctuations of various types across the external parameter space comprising of
temperature, chemical composition, particle size and so on. This in turn allows us to relate
(or otherwise) these nanoscale fluctuations to the observed physical properties that could
provide better understanding of the underlying phenomena. This presentation will be
focused on nanoscale structure aspects of three classes of crystallographically simple cubic
systems, and will discuss these aspects in terms of the observed physical properties. Nearly
all materials expand when heated, so exceptions are interesting. Negative thermal
expansion of a pure phase has attracted much attention over the past 20 years, driven both
by curiosity, and by opportunities to design materials with special thermal properties. Very
recently, a surprisingly large and isotropic negative thermal expansion was discovered in
cubic ScF; with DOy crystal structure of o-ReOs;, occurring over a wide range of
temperature from 10 to about 1100 K. Results of neutron total scattering PDF study will be
presented in light of the observed NTE. Rocksalt cubic PbTe is one of the most frequently
commercially used thermoelectric materials in range of temperature just above 300 K, and
is an important ingredient in a broad class of high performance TE materials with complex
structures. Highlight of results of neutron scattering (both elastic and inelastic) experiments
in pure PbTe and its lightly Ge-doped variants will be shown, in the context of exceptional
TE properties and recently observed local Pb off-centering dipoles and formation of
nanopolar regions. Finally, evolution of nanoscale structure in Culr,S; cubic thiospinel
displaying MIT will be tracked as Ir is substituted by x% of Cr on octahedral spinel site,
using X-ray total scattering approach. This approach, when applied across the (x, T) phase
diagram, reveals competition between metallic and insulating ground states and the role that
doping induced strain plays in this competition, emphasizing the importance of going
beyond crystallographic approach to fully understand some bulk material systems.
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CTPYKTYPA HA HAHOCKAJIAN U3 EKCIIEPUMEHATA
TOTAJIHOI' PACEJAIBA - ITPEIVIE/l TP KYBHA CUCTEMA

Emna C. Boxkun

Condensed Matter Physics and Materials Science Department, Brookhaven National
Laboratory, Upton, NY 11973, USA
email: bozin@bnl.gov

MHOIITBO MHTEPECaHTHUX (QYHKIMOHAIHHUX Marepujaja rokasyje (u3udKe OCOOHMHE Of
MHTepeca 3a MOTEeHIHjajHe TEXHOJOIIKEe NPHMeHe, kKao WTo cy TepmoenekrpuaHoct (TE),
HeratuBHa TepManHa ekcnam3mja (HTE), m wmeran-uzomatop mpemasu (MUT). Taxsu
CHUCTEMH YECTO TOCEeAYjY CTPYKTYpHE QUIyKTyaIlije Ha HAHOMETapCKOj CKaJIM KOje je TeIIKO
KapakTepucaTH CTaHIapAHUM KpHCTaJorpadckuMm npuctynoM. Meroau OasupaHu Ha
TOTAJHOM pacejary HEyTpoHa U X-3paka, kao mro je I[1]]® TexHuka, BeoMa cy KOPUCHH Y
TaKkBUM cHUTyanujama W omoryhaBajy Ham Ja NpaTHMO pasHOJIMKE (QIIYKTyalje Kpo3
MPOCTOp CIIOJBHUX IapameTapa Kora YhHe HITp. TeMIIEpaTypa, XEMHjCKU CacTaB, BEIMUMHE
yectina W cinuyHo. OBO HaM 3a y3BpaT [03BOJbaBa Ja HCIHTYjEMO KOpelanujy
(iaykTyanpja Ha HAaHOCKAJM ¥ OICEPBHPAHUX OCOOMHA, INTO MOXe na omoryhm 0Ooiee
pasyMmeBame perneBaHTHHX (eHoMeHa. OBa mpe3eHTammja he OuTH QokycupaHa Ha
HAaHOCTPYKTYPHH acleKT y TPU Kilace KpHCTaNorpadCcky jeqHOCTABHUX KYOHHX CHCTeMa, H
ocBpHyhe ce Ha OIHOC HAHOCKAJE M OICEPBHUPAHMX (UIUYKHX OCOOMHA y THUM
Mmarepujaiiima. ['0TOBO CBM MaTepHjalii Ce LIMpe NpH rpejamby, a U3y3eld OJf Tora cy
MHTepecaHTHU. Marepujain yicTix (aza KOjU Moceyjy HEraTUBHY TEPMAlHy eKCIIaH3U]jy
Cy ol moceOHOr 3Hauaja Mmpe cBera 300T Ju3ajHa MaTepHjajia ca CICIHjaHUM TePMATHUM
ocobuHama. HexaBHo je oTkpuBeHa HeyoOuuajeHo Benmka W uzorponHa HTE y kyOHom
ScF; ca DOy ctpyktypoM a-ReOs, y mupokom temmeparypaom omcery ox 10 mo 1100 K.
Pesynrarn meytponckor I1[1® mpucryna Ouhe mprkazaHW M IUCKYTOBaHU Y KOHTEKCTY
ornicepsupane HTE. Kyonu PbTe jenan je ox Hajuenthe xopunthennx TE marepujana nznan
coOHe TeMIiepaType, a Takohe je M BakHa KOMIOHEHTa KOMIUIEKCHHjUX MaTepHjalia KOju
ucnosraBajy Bucoke TE mepdopmance. buhe mat mpermex pesynrata ekcrnepuMeHaTa
HEYTPOHCKOT pacejama (eJacTUYHOr M HeemacTwdHOr) y umcrom PbTe m Bapumjantama
JornupanuM MaimM mporerToM Ge u3 nepcerektiuBe TE ocoOnHa u HEJaBHUX OICepBanyja
JOKaMHUX aucTop3uja Pb u ¢opmupama HanomonapHux peruona. Konauno, eBosynuja
cTpykrype Ha HaHockaiu y Culr,S; kyOHOM ThocnuHeny koju nocenyje MUT oOuhe
npaheHa y eKcriepuMeHTHMa TOTAJTHOT pacejamba X-3padea kaja je Ir samemen ca x% Cr
Ha OKTaexapckoM crhuHen cajty. OBaj mpuctyn npumermeH Ha (X, T) ¢asnu amjarpam
Pa30TKpUBa MOCTOjarbe KOMIIETHIIM]E METAIHOT U M30JIATOPCKOT OCHOBHOT CTama M YJIOTY
JONHPambeM HHIYKOBAHUX HAMpe3amba y TOj KOMIIETHIHjU, UCTHYYH 3HaYaj IpUCTyNa KOjH
uJie 1ajbe oJ] Kprcrauorpaduje y nnby KOMIUIETHH]ET pa3yMeBama M0jeIHUX MaTepHjaia.
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CRYSTAL STRUCTURE OF (2,2’-DIPYRIDYLAMINE)-p3-(1,3-
BENZENEDICARBOXYLATO)ZINC(II)

L. Radovanovi¢, J. Rogan, D. Poleti

Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000
Belgrade, Serbia.
e-mail: Iradovanovic@tmf.bg.ac.rs

Designing of mixed Zn(II) complexes with benzenedicarboxylato and amine ligands
attracts much attention because of the amazing chain, layer or 3D framework structures that
arise [1]. Besides the variety of topologies, these compounds can potentially be applied in
catalysis, nonlinear optics and absorption [2]. Due to all the above, and also in accordance
with our previous research [3], a new chain Zn(II) complex with dianion of isophthalic acid
(ipht) and 2,2’-dipyridylamine (dipya) has been synthesized.

In the title complex, [Zn(dipya)(ipht)], ipht acts as bridging ligand with one
monodentate and another chelate COO group (Fig. 1). Zn(Il) atom is surrounded by two N
atoms from chelately coordinated dipya and three O atoms from two ipht ligands, making a
deformed square pyramidal environment. Bond distances and angles are in the range of
1.955(2) — 2.322(3) A and 58.94(9) — 143.81(9) °, respectively.

Each ipht ligand links two Zn(II) atoms making chains along the c-axis (Fig. 2).
Aromatic rings of ipht and dipya are almost perpendicular with dihedral angles of 89.18(6)
and 90.82(6) °. By intermolecular hydrogen bonds [d = 2.06(3) A] between the amine H
atom from dipya and uncoordinated O atom from monodentate COO group of ipht, the
chains are packed in the layers nearly parallel to the ac-plane.

Crystal data: ClgH13N304Zn, Mr = 40068,
monoclinic system, space group P2,/n,
a=11.3220(6), b= 8.8510(5),
c=17.6750(8) A, f=102.323(5) °,
V=1730.42(16) A*, Z= 4, F(000)= 816,
pc=1.538 gem™, p(MoKo)=1.448 mm™'.
The refinement on F* (239 parameters)
yielded R; = 0.0514, wR, = 0.0883,

S =1.045 for all data, and R, = 0.0377 for
2694 observed reflections with 7> 26(J).

Fig. 1. The asymmetric unit of
[Zn(dipya)(ipht)]

[1]1Y.E.Du, L. Ai, Z. B. Han, Russ. J. Coord. Chem., 37 (2011), 176-179; A. Erxleben,
Coord. Chem. Rev., 246 (2003), 203-228.

[2] L.-N. Zhu, L. Z. Zhang, W.-Z. Wang, D.-Z. Liao, P. Cheng, Z.-H. Jiang, S.-P. Yan,
Inorg. Chem. Commun., 5 (2002), 1017-1021.

[3]17J. Rogan, D. Poleti, Lj. Karanovi¢, Z. Jagli¢i¢, J. Mol. Struct., 985 (2011), 371-379.
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KRISTALNA STRUKTURA (2,2’-DIPIRIDILAMIN)-p3-(1,3-
-BENZENDIKARBOKSILATO)CINKA(I)

L. Radovanovié, J. Rogan, D. Poleti

Tehnolosko-metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11000 Beograd,
Srbija.
e-mail: Iradovanovic@tmf.bg.ac.rs

Dizajniranje meSovitih Zn(II)-kompleksa sa dikarboksilatima benzena i aminskim
ligandima privlaci veliku paznju zbog fascinantnih lancastih, slojevitih i 3D struktura koje
pri tom nastaju [1]. Pored razli¢itih topologija, ova jedinjenja se potencijalno mogu
primeniti u katalizi, nelinearnoj optici i apsorpciji [2]. Zbog svega navedenog, a u skladu sa
nasim prethodnim istrazivanjima [3], sintetisan je novi lancasti Zn(II)-kompleks sa
anjonom izoftalne kiseline (ipht) i 2,2’-dipiridilaminom (dipya).

U navedenom komleksu, [Zn(dipya)(ipht)], ipht je mostovni ligand sa jednom
monodentatnom i drugom helatnom COO-grupom (sl. 1). Zn(II)-atom okruzen je sa dva
atoma azota iz helatno koordiniranog dipya i tri atoma kiseonika iz dva ipht liganda, ¢ine¢i
okruzenje u obliku deformisane kvadratne piramide. Duzine veza i uglovi nalaze se redom
u opsegu 1,955(2) —2,322(3) A i 58,94(9) — 143,81(9) °.

Svaki ipht ligand povezuje dva Zn(II)-atoma formiraju¢i lanac duz c-ose (sl. 2).
Aromatic¢ni prstenovi ipht i dipya su priblizno normalni sa diedarskim uglovima od
89,18(6) i 90,82(6)°. Intermolekulskim vodoniénim vezama [d=2,06(3)A] izmedu
aminskog H-atoma iz dipya i nekoordiniranog O-atoma iz monodentatne COO-grupe, lanci
su povezani u slojeve priblizno paralelne ac-ravni.

Strukturni podaci: CigH3N;04Zn,

M, = 400,68, monoklini¢an sistem,
prostorna grupa P2,/n, a= 11,3220(6),
b=8,8510(5), c=17,6750(8) A,
=102,323(5) °, V'=1730,42(16) A>, Z= 4,
F(000)= 816, p, = 1,538 gcm°,
#(MoKo)= 1,448 mm . Uta¢njavanje sa
F?* (239 parametara) dalo je R, = 0,0514,
wR, = 0,0883, S = 1,045 za sve podatke, i
R, =0,0377 za 2694 refleksija sa
1>20(]).

Sl. 2. Lanci [Zn(dipya)(ipht)] duz c-ose

[11Y.E.Du, L. Ai, Z. B. Han, Russ. J. Coord. Chem., 37 (2011), str. 176-179; A.
Erxleben, Coord. Chem. Rev., 246 (2003), str. 203-228.

[2] L.-N. Zhu, L. Z. Zhang, W.-Z. Wang, D.-Z. Liao, P. Cheng, Z.-H. Jiang, S.-P. Yan,
Inorg. Chem. Commun., 5 (2002), str. 1017-1021.

[3]1J. Rogan, D. Poleti, Lj. Karanovi¢, Z. Jagli¢i¢, J. Mol. Struct., 985 (2011), str. 371-379.
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STRUCTURES OF Pd(IT) AND Pt(II) COMPLEXES WITH
2-(DIPHENYLPHOSPHINO)BENZALDEHYDE 1-
ADAMANTOYLHYDRAZONE

Marko V. Rodi¢*, Milena Pordevi¢®, Dejan Jeremic”, Vera Simi¢’, Ilija Bréeski”,
Vukadin M. Leovac®

*Faculty of Sciences, University of Novi Sad, Trg Dositeja Obradovica 3, 21000 Novi Sad,
Serbia; “Faculty of Chemistry, University of Belgrade, Studentski trg 12-16, 11000
Belgrade, Serbia; “National Control Laboratory, Medicines and Medical Devices Agency of
Serbia, Vojvode Stepe 458, 11221 Belgrade, Serbia.

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

Reaction of ethanolic solution of newly synthesized ligand 2-(diphenylphosphino)-
benzaldehyde 1-adamantoylhydrazone (HL) with aqueous solution of K;[MCly]
(M =Pd(l), Pt(I)) yielded neutral complexes of the formula [M(L)CI]. The complexes
have square-planar structure, which is achieved by tridentate PNO coordination of
monodeprotonated Schiff base and one chlorido ligand. As it is expected, molecular and
crystal structures of the complexes are virtually identical and are isomorphous. The
comparison of the structures of 1 and the complexes 2 and 3 (fig.) is helpful in order to
elucidate the impact of coordination and deprotonation on ligand structure. Namely, prior to
coordination ligand undergoes conformational change in order to adopt pro-binding
conformation. Deprotonation of the hydrazone nitrogen leads to delocalization of negative
charge through C1—O and C1—N1 bonds, which is associated with their different lengths
compared to 1. These structural changes are accompanied with significant shrinking of
C1—N1—N2 angle in complexes with respect to that in 1.

Crystallographic  data: (1) CsH;N,OP, monoclinic, P2i/a, a=38.7243(1)A,
b=21.05623) A, c=14.1745Q2) A, f=102.6122)°, V=2541.03(7) A%, R,=4.6%.
(2) C3H3CIN,OPPd, orthorhombic, Pbca, a=19.3784(3)A, b=14.2639(2)A,
¢=19.4983(2) A, V/'=5389.6(1) A, R, = 2.7%. (3) C3oH3CIN,OPPt, orthorhombic, Phca,
a=19.3393(1) A, b= 14.2604(1) &, ¢ = 19.5345(2) &, V' = 5387.3(8) A%, R, = 2.8%.
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STRUKTURE KOMPLEKSA Pd(II) I Pt(II) SA
2-(DIFENILFOSFINO)BENZALDEHID 1-
ADAMANTOILHIDRAZONOM

Marko V. Rodi¢*, Milena Pordevi¢®, Dejan Jeremic”, Vera Simi¢’, Ilija Bréeski”,
Vukadin M. Leovac®

*Prirodno-matematicki fakultet, Univerzitet u Novom Sadu, Trg Dositeja Obradovi¢a 3,
21000 Novi Sad, Srbija; bHemijski fakultet, Univerzitet u Beogradu, Studentski trg 12—16,
11000 Beograd, Srbija; Nacionalna kontrolna laboratorija, Agencija za lekove 1 medicinska
sredstva Srbije, Vojvode Stepe 458, 11221 Beograd, Srbija.

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

Reakcijom etanolnog rastvora novosintetisanog liganda 2-(difenilfosfino)benz-
aldehid 1-adamantoilhidrazona (HL, 1) sa vodenim rastvorom K,[MCl,] (M = Pd(II), Pt(II))
dobijeni su neutralni kompleksi opste formule [M(L)CI1] (2, M = Pd; 3, M = Pt). Kompleksi
imaju kvadratno-planarnu strukturu koja se ostvaruje tridentatnom PNO koordinacijom
monodeprotovane Sifove baze i hlorido liganda. Prema o&ekivanju, molekulske i kristalne
strukture kompleksa su prakti¢no identi¢ne i izomorfne. Poredenjem struktura 1 i 3 (slika)
mogu se uoditi uticaji koordinacije i deprotonacije na strukturu liganda. Naime, o¢igledno
je da ligand trpi konformacionu promenu prilikom koordinacije tako da se svi donorni
atomi nalaze u povoljnom polozaju za koordinaciju. Deprotonacija hidrazinskog atoma
azota ima za posledicu delokalizaciju negativnog naelektrisanja kroz C1—O i C1—NI1
veze, koje imaju razliite duzine u kompleksima u odnosu na slobodni ligand. Ove
strukturne promene su proprac¢ene znacajnom sazimanjem C1—N1—N2 ugla u komplek-
sima u odnosu na 1.

Kristalografski podaci: (1) CsH3N,OP, moniklini¢ni sistem, P2,/a, a=8.7243(1) A,
b=21.0562(3) A, c¢=14.17452) A, p=102.612(2)°, V=2541.03(7)A’, R,=4.6%.
(2) C30H3,CIN,OPPd, ortorombiéni sistem, Pbca, a=19.3784(3) A, b=14.2639(2) A,
c=19.4983(2) A, V'=5389.6(1) A%, R, =2.7%. (3) C50H;3(CIN,OPPt, ortorombi¢ni sistem,
Pbea, a=19.3393(1) A, b=14.2604(1) A, ¢ = 19.5345(2) A, V' =5387.3(8) A’ R, = 2.8%.
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SYNTHESIS, CHARACTERIZATION AND CRYSTAL
STRUCTURE OF 3-(1-2-HYDROXYETHYLAMINO)
ETHYLIDENE) CHROMAN-2,4-DIONE-PALLADIUM(II)
COMPLEX

Danijela Lj. Stojkovié®, Verica V. Jevti¢®, Nenad Vukovi¢®, Slobodan Sukdolak?®,
Gordana P. Radi¢”, Olivera R. Klisuri¢® and Sre¢ko R. Trifunovié®

"Department of Chemistry, Faculty of Science, University of Kragujevac, Radoja
Domanovi¢a 12, 34000 Kragujevac, Republic of Serbia; °Faculty of Medical Sciences,
University of Kragujevac, Svetozara Markovi¢a 69, 34000 Kragujevac, Republic of Serbia;
“Department of Physics, Faculty of Sciences, University of Novi Sad, Trg Dositeja
Obradovica 4, 21000 Novi Sad, Republic of Serbia.

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

The complex of palladium(Il) with new coumarine derivative, 3-(1-(2-
-hydroxyethylamino)ethylidene)chroman-2,4-dione, has been synthesized and characterized
by elemental microanalysis, infrared, 'H and '*C NMR spectroscopy.

The proposed structure of the complex was confirmed on the basis of the X-ray
structural study.

Crystallographic data: crystal system - orthorombic, space group Pbca, crystal
size 0.39 x 0.15 x 0.08 mm, a = 18.373(5), b = 7.324(5), c = 21.280(5) A, V' =2864(2) A’
and Z=8, p,=1.800 g/em’, u = 12.294 mm™. The refinement on F* (203 parameters and
2553 independent reflections) yielded R[F* > 26(F%)] = 0.0312, wR(F*) = 0.0849, S =
1.088.
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Kompleks paladijuma(Il) sa novim derivatom kumarina, 3-(1-(2-
-hidroksietilamino)etiliden)hroman-2,4-dionom, je sintetisan i okarakterisan elementalnom
mikroanalizom, infracrvenom, 'H i *C NMR spekroskopijom.

Pretpostavljena struktura kompleksa potvrdena je na osnovu rezultata rendgenske
strukturne analize.

Kristalografski podaci: kristalni sistem - ortorombi¢ni, prostorna grupa Pbca,
veli¢ina kristala 0,39 x 0,15 x 0,08 mm, a = 18,373(5), b = 7,324(5), ¢ = 21,280(5) A,

v =12864(2) A’i Z=8, p, = 1,800 g/cm’, 4 = 12,294 mm™'. Utaénjavanje sa F° (203
parametara i 2553 nezavisnih refleksija) dalo je R[F* > 26(F)] = 0,0312, wR(F?) = 0,0849,
S§=1,088.
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In this work we compared strenght of hydrogen bonds of the water molecules in the first
hydration shell of the cation with the hydrogen bonds of free water molecules. Hydrogen
bonds of the first hydration shell of tetrahedral complexes and of free water molecules were
studied analyzing data in the crystal structures from Cambridge Strucutural Database (CSD)
and by ab inito calculations.

The results of statistical analysis of data from CSD, show that the MLOH/O interactions
have a larger tendency toward shorter H O distances and linear orientations, which is
typical for stronger hydrogen bonds. This was in agreement with the results previously
obtained for octahedral complexes [1]. The ab initio calculations confirmed that hydrogen
bond interaction energy of coordinated water (-33.13 kcal mol™) is remarkably larger than
the energy of non-coordinated water (-4.77 kcal mol™), and, as can be anticipated, the
energies increase with increasing the charge of the aqua complex.

Comparison of hydrogen bonding interaction energies in case of tetrahedral and
octahedral complexes showed that interaction energies of tetrahedral complexes are larger.
Here we also present results of comparison of interaction energies in neutral octahedral
complexes with different metal ions (zinc, scandium and cadmium). The largest interaction
energy is in the case of neutral scandium complex (-9.22 kcal mol™). The reason for such
result can be the largest partial positive charges of the water hydrogen atoms in these
complexes [2].

[17 J. M. Andri¢, G. V. Janji¢, D. B. Ninkovi¢, S. D. Zari¢, Phys. Chem. Chem. Phys, 14
(2012) 10896—-10898.

[2] D. Z. Vojislavljevi¢, G. V. Janji¢, D. B. Ninkovi¢, A. Kapor, S. D. Zari¢,
CrystEngComm, 15 (2013) 2099-2105.
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Y oBOM pajy UCTIMTHBAHA j€ jadrHA BOJIOHUYHE Be3e, H3Mel)y 1Ba MOJIEKyia BOJE,
y chuy4dajy Kaga je jemaH MOJEKyJd KOOPOMHATHBHO Be3aH 3a IIpela3HW MeTaa ca
KOOpJMHAIIMOHUM OpojeM deTHpH, Kao M 3a Ciydaj Kaja cy o0a MoleKyna
HEKOOpAMHOBaHA. McnuTHBame BOZOHUYHUX Be3a KOJ KOOPAMHOBAHE W HEKOOPIMHOBAHE
BOJIE 3aCHOBAHO je Ha aHAIU3M KPUCTAIHUX CTPYKTypa apxuBupaHux y KemOpuukoj
kpuctanorpadekoj 6anum nogaraka (CSD) u Ha aHanu3u pesynrara A00HjeHUX ab initio
npopayyHUMa.

AHanu3oM nojataka koju cy pooujenu uz CSD-a, yrBpheHo je na MOJIeKyu BoJe KOju
cy koopauHoBaHH 3a joH Metana (MLOH/O) umajy xpaha H O pacrojama on Moinexyna
BOJIE KOjU Cy HEKOOPIAMHOBAHH, IITO j€ OJIMKA jaunX BOJOHMYHMX Be3a. OBH pe3ynTaTi ce
CIaXy ca pe3yjiTaTMMa KOjU Cy paHHWje IoOMjeHH 3a OKTaemapcke Komruiekce [1].
PesynraTu mpopadyHa cy mokasanu Aa Kaja je BoJa KOOpJUHOBaHA 32 JOH MeTajla, EHepruja
BOMOHHYHE Be3e je Bumectpyko Beha (-33,13 kcal mol'), Hero xaza je Boxa
nexoopauHoBana (-4,77 kcal mol'), u, Kao WITO ce MOIIO NPEIBHACTH, IOPACTOM
HaeJISKTPHUCamka aKBa KOMILIEKCa, pacTe ¥ jaulHa BOJOHUYHE Be3e.

IMopehemem eHepruja BONOHMYHHMX Be3a KOJ TETPAaeHapcKUX M OKTaeHapCKHX
KOMIUIEKCa, YCTAaHOBHJIM CMO J1a je BOJAOHHMYHA Be3a jaya KOJ TeTpaelapCKUX KOMILIEKCA.
Takohe, mpukazaiu cMO pe3yiaTare mnopeljema cHepruja BOJOHMYHHMX Be3a wu3Mely
HEYTPAJTHHUX OKTAaeAapPCKUX KOMIUIEKCA y KOjUMa je BoJa KOOPIUHOBAHA 3a PAa3IUUUTE jOHE
Metana (UMHK, CKaHIUjyM M Kagmujym). Hajjaua wnTepakuuja je mpoHaljeHa y ciydajy
HEyTpalHOr KoMmiulekca ckamaujyma (-9,22 kcal mol'). Pasmor oaksor TpeHma
HajBepoBaTHHje je Hajsehe mapIyjaTHO MO3UTHBHO HAENEKTPUCAE HA aTOMY BOJOHHKA Y
ClIy4ajy KaJa je MHTeparyjyhn MoJeKyn Boje Be3aH 3a joH ckaHaujyma [2].

[1]7J. M. Andri¢, G. V. Janji¢, D. B. Ninkovi¢, S. D. Zari¢, Phys. Chem. Chem. Phys, 14
(2012) 10896—-10898.

[2] D. Z. Vojislavljevi¢, G. V. Janjic, D. B. Ninkovi¢, A. Kapor, S. D. Zari¢,
CrystEngComm, 15 (2013) 2099-2105.
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Modern multicomponent mixtures that are most often used as materials for liquid
crystalline display industry, are highly dependant on polymorphism and molecular shapes
and properties of starting compounds. Thus, full characterisation of liquid crystalline
substances including crystallographic data are of interest for the industry [1].

4,4'-alkyl/alkoxyphenylbenzoates represent a long known, huge family of
prototypal calamitic liquid crystals [2]. Despite of this fact crystallographic data on these
types of compounds are scarce. In the present paper we report on our X-ray studies on the
4-butyloxyphenyl 4'-decyloxybenzoate, which is another member of the homologous series.

The diffraction pattern for the title compound was recorded in the crystalline phase
at room temperature with a Seifert V-14 powder diffractometer equipped with a goniometer
in the Bragg—Brentano (¢:20) geometry, using CuKo radiation without monochromator
(ACuKa; = 1.5406A, Ni filter, generator setting: 30kV, 30mA). Indium (III) oxide (In,Os)
was used as an external standard. XRD data were collected over the angular range from 4°
to 50° in 26 with a step size of 0.02° and a counting time of 4s per step.

Profile fitting procedure was used to determine the peak positions and intensities
of the diffraction peaks; the software X-Fit was employed for this purpose. After correction
for sample displacement and zero shift errors, the unit cell parameters were derived using
TREOR90 within the CRYSFIRE frontend application. Unit cell parameters were found to
be: lattice constants a = 23.098(4)A, b = 5.974(6)A, ¢ = 12.357(10)A, inclination angle f =
121.528(78)°, unit-cell volume V = 1453.56A°. The following figures of merit were
achieved F5=11 (0.017550, 78)and M;5=12.
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Svojstva savremenih viSekomponentnih smesa koje se najéesce koriste u industriji
te¢no-kristalnih displeja zavise od polimorfizma, oblika molekula, kao i osobina pocetnih
komponenata smeSe. Stoga je potpuna karakterizacija tecno-kristalnih materijala,
ukljucujudi tu i utvrdivanje kristalografskih podataka, od interesa za industriju displeja [1].

4,4'-alkil/alkoksifenilbenzoati predstavljaju poznatu i brojnu familiju prototipskih
Stapicastih tecnih kristala [2]. Ipak, kristalografski podaci o ovim komponentama su retki.
U ovom radu predstavljamo izves$taj o naSem istrazivanju metodom difrakcije X-zraka na
komponenti 4-butiloksifenil 4'-deciloksibenzoat koja je pripada ovoj homolognoj seriji.

Difraktogram ove komponente je snimljen u kristalnoj fazi pri sobnoj temperature
koris¢enjem Seifert V-14 difraktometra za praskaste uzorke opremljenim goniometrom u
Brag-Brentano (£:260) geometriji, koris¢enjem CuKa zracenja u odsustvu monohromatora
(ACuKo, = 1.5406A, Ni filter, podesavanje generatora: 30kV, 30mA). Indijum (III) oksid
(In,03) je koriséen kao eksterni standard. XRD podaci su sakupljeni na ugaonom opsegu od
4° do 50° 26 sa korakom od 0.02° i vremenom sakupljanja odbroja od 4s po koraku.

Pozicije i inteziteti refleksionih pikova su odredeni procedurom fitovanja profila
pomocu programskog paketa X-Fit. Nakon izvrSenih korekcija na gresku pomeraja uzorka i
greSku nultog pomeraja, parametri jedinicne celije su izracunati koris¢enjem TREOR90
metoda unutar CRYSFIRE korisni¢ke aplikacije. Parametri jedini¢ne éelije su: ivice a =
23.098(4)A, b = 5.974(6)A, ¢ = 12.357(10)A, ugao nagiba f = 121.528(78)°, zapremina
jedini¢ne ¢elije V' = 1453.56A%. Faktori dobrote koji su postignuti su: ;s = 11 (0.017550,
78) 1M 15~ 12.
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In the present paper of 3-acetylpyridinesemicarbazone and the corresponding
tetrahedral Zn(IT) complex were synthesized and both structures were determined by X-ray
crystal analysis. The main crystallographic data for (2F)-2-[1-(pyridin-3-yl)ethylidene]
hydrazinecarboxamide hydrochloride dihydrate and [ZnCIly(HL),] complex are given,
respectively: formula CgH,5sCIN,4O;, formula weight 250.69, crystal size 0.20x 0.05x 0.05
mm, triclinic crystal system, P-lspace group, a = 6.6772(3) A, b = 8.9768(3) A,
¢ =11.0700(5) A, o = 113.504(2)°, = 94.574(3)°, y = 100.428°, V = 589.88(4) A®, Z = 2,
pr=1411¢g em”, refinement on F° (170 parameters and 2638 independent reflections)
yielded R[F*> 26 (F°)] = 0.0571, wRA(F’) = 0.1594, S = 1.178; formula C,sH,,C1,N3O,Zn,
formula weight 492.67, crystal size 0.20x 0.13x 0.10 mm, orthorhombic crystal system,
Pbcn space group, a = 7.43810(10) A, b = 11.6257(2) A, ¢ = 23.9731(5) A, a = 90°,
B = 90° y = 90°, V = 2073.03(6) A’>, Z = 4, p, = 1.579 g cm>, refinement on
F’ (142 parameters and 2378 independent reflections) yielded R[F*> 20 (F°)] = 0.0315,
WwR,(F’) = 0.0840, S = 1.053.

Molecular structure of ligand HL and Zn(II) complex are given in Figure 1.
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Figure 1. Molecular structure of ligand HL (a) and the corresponding Zn(IT) complex (b)
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U ovom radu sintetisali smo 3-acetilpiridinsemikarbazon i1 odgovarajuci
tetraedarski kompleks cinka(Il) i odredili strukture obe supstance rendgenskom strukturnom
analizom.  Osnovni  kristalografski  podaci za  (2F)-2-[1-(piridin-3-il)etiliden]
hidrazinkarboksamid-hidrohlorid-dihidrat (HL), odnosno kompleks [ZnCIl,(HL),] dati su
redom: formula CgH;sCIN4O3, molekulska masa 250,69, veli¢ina kristala 0,20x 0,05x 0,05
mm, trikliniéni  kristalni sistem, P-1 prostorna grupa, a = 6,6772(3) A,
b = 8,9768(3) A, ¢ = 11,0700(5) A, a = 113,504(2)°, = 94,574(3)°, y = 100,428°,
V =589,88(4) A’ Z =2, p, = 1411 g cm™, utatnjavanje sa F° (170 parametara i 2638
nezavisnih refleksija) dalo je R[F™> 26 (F7)] = 0,0571, wR,(F’) = 0,1594, § = 1,178;
formula C;4H,,C1,N3O,Zn, molekulska masa 492,67, veliCina kristala 0,20x 0,13x 0,10
mm, ortorombi¢an kristalni sistem, Phcn prostorna grupa, a = 7,43810(10) A,
b =11,6257(2) A, ¢ = 23,9731(5) A, & = 90°, § = 90°, y = 90°, ¥/ = 2073,03(6) A°, Z = 4,
py = 1,579 g ecm™, utaénjavanje sa F° (142 parametra i 2378 nezavisnih refleksija) dalo je
R[F*> 20 (F%)] = 0,0315, wR»(F”) = 0,0840, S = 1,053.

Molekulske strukture liganda, HL, i Zn(IT) kompleksa prikazane su na slici 1.
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Slika 1. Molekulska struktura liganda HL (a) i njegovog Zn(II) kompleksa (b)
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Noncovalent CH/O interactions are very important in many systems, especially in
biomolecules, in stabilizing structures of proteins and in interactions with the ligands [1,2].
These interactions also play important role in recognition of host-guest systems and in
crystal engineering. The CH/O interactions encompass a wide scale of strengths, depending
on the C—H acidity, but also on the nature of the acceptor. Our recent study of the CH/O
interactions between aromatic C-H groups and various oxygen acceptors showed that the
geometry of CH/O interactions depend on the type of the atom or group in o-position to the
interacting C-H group [3].

In this paper, CH/O interactions between aromatic C-H donor and coordinated water
molecule were studied by ab initio calculations and by analyzing data in the Cambridge
Structural Database (CSD). Crystal structures involving Cy-H aromatic groups and oxygen
atoms from coordinated water molecule were screened for intermolecular contacts. To
estimate the interaction energies of CH/O interactions, high level ab initio calculations were
performed on model systems.

The analysis of the CH/O interactions in crystal structures indicate that aromatic C-H
donors do not show strong preference for linear contacts and that the preference depend on
the type of the atom or group in o-position to the interacting C-H group. The acceptor
oxygen atom from water has possibility for simultaneous CH/O interactions with the
hydrogen atom in o-position to the interacting C-H group. Results of ab initio calculations
showed that interaction energies between coordinated water molecule and aromatic C-H
donors are larger than interaction energies of CH/O interactions with non-coordinated water
molecule and that they depend on ligand in trans- position to the interacting water
molecule.

These results can be very important for biomolecules containing aromatic groups and
metal ions, like proteins.

[1] R. K. Castellano, Curr. Org. Chem. 8 (2004) 845-865.
[2] S. §cheiner, T. Kar, J. Phys. Chem. B 109 (2005) 3681-3689.
[3]D. Z. Veljkovi¢, G. V. Janji¢, S. D. Zarié, CrystEngComm, 13 (2011) 5005-5010.
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HexoBanentne CH/O uHTepakije Cy O] BEJMKOI 3Ha4yaja y MHOTMM CHCTEMHMA,
noceOHO y OMOMOJIeKYJIMMa, Y CTaOMIIN30Bahy CTPYKTypa MPOTeHHA U MHTEpaKlujaMa ca
ouranauma [1,2]. OBe uHTepakuuje Wrpajy W 3HauajHy yJIOTY Yy IIpelo3HaBamwy Y
cucreMuma J0MahuH-rOCT U KpuctaiHoM urHxkewmepunry. CH/O unTepakiuje o0yxBaTajy
BEJIMKU OICEr jayMHa, Koje 3aBHce of kucenoctd aroma u3 C-H ¢parmenra amm u on
npupoje akuentopa. Hama HemaBHa wucrnmtuBama CH/O  wmHTepakmuja wusmely
apomatnyanx C-H poHOpa M pa3nuuuTHX KHCEOHMYHMX AaKIENTopa IoKasaja cy Ja
reomerpuja CH/O uHTEepakiyja 3aBUCH 0] BPCTE aTOMa WM TPYIE y O-II0JI0XKajy Y OZHOCY
Ha uHTeparyjyhy C-H rpymy [3].

Y oBoM panmy mpuKazaHH Cy pelynraTu mnpoydaBama CH/O wmHTepakumja m3mely
apomatnyanx C-H moHOpa M KOOpPIWHOBAaHOT MOJEKyJa BOIe KopHIIhemeM ab initio
mpopadyHa W aHaIM30M moparaka n3 KemOpmuke OaHke Kpucramorpadckux IogaTaxa.
[Iperpaxkene cy KkpucraiHe CcrTpykrype koje cagpke Cq-H apomatmuny rpymy wu
KHCEOHHMKOB aTOM M3 KOOPJMHOBaHOT MoJjieKya Boze. [la 6u ce npouenuie enepruje CH/O
MHTEpaKUuja, ab initio NpopadyyHH BUCOKOT HUBOA Cy IPUMEHEHU Ha MOJIEN CUCTEMUMA.

Amnanu3a CH/O uHTepakiija y KpUCTATHUM CTPpyKTypama yka3syje na C-H moHopu He
MIOKa3yjy jacHy TeXmbY Ka rpaljery JMHeapHuX KOHTaKaTa M Ja Ta TeKHa 3aBHCH O]l TUIIa
aToMa WM Tpylle y O-NoJIoXajy y onxHocy Ha uHreparyjyhy C-H rpymy. Aknentopcku
KHCEOHMKOB aTOM Ca KOOpAMHOBAaHOI MOJIeKyJa Bojae uMa MoryhHoct na Harpaam
cumynrane CH/O wuHTepakiije ca BOJOHHKOBHM aTOMOM Y O-TIOJOXajy Y OJHOCY Ha
unreparyjyhy C-H rpymy. Pesynratu ab initio mpopadyHa moka3yjy Ia Cy CHepruje
WHTEpaKIyje u3Mel)y KOOpAHNHOBAHOT MOJIeKyna Boje u apomatnaHux C-H monopa jaue y
onHocy Ha eHepruje CH/O uHTepakimuja ca HEKOOPIMHOBAHHUM MOJIEKYJIOM BOJE U Ja
BHUXO0BA jaurHA 3aBHCH OJ BPCTE JIMTaH/AA KOjU Ce Hajla3M y TpaHC- IOJIOXKajy y OAHOCY Ha
uHTEparyjyhu MoJeKys Boze.

[1] R. K. Castellano, Curr. Org. Chem. 8 (2004) 845-865.
[2] S. Svcheiner, T. Kar, J. Phys. Chem. B 109 (2005) 3681-3689.
[3] D. Z. Veljkovi¢, G. V. Janji¢, S. D. Zari¢, CrystEngComm, 13 (2011) 5005-5010.

3AXBAJIHHIA
J. Besskosuh 3axBasbyje MHTepHaIMOHAIHO] YHHjU 3a KpHrcTajorpaduju Ha pUHAHCH]CKO]
nomohy 3a Mitazie HayYHHKe.
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Interactions of aromatic molecules are of large importance in many areas, because
aromatic molecules and groups appear in various systems. We recognized the parallel
alignment interactions at large horizontal displacement, between water molecule and
aromatic rings [1,2], and between two benzene molecules [3].

The studies of the parallel-alignment interactions are based on analysis of crystal
structures from the Cambridge Structural Database (CSD) and on high level ab initio
calculations.

In crystal structures, the most of parallel alignment interactions, where the whole
water molecule or one of its O—H bonds is parallel to the aromatic ring plane, are not above
the aromatic ring, but on larger horizontal displacement distances [2]. The calculations,
done on the water-benzene model system, showed that the strongest interaction occurs
when the water is placed at large horizontal displacements, out of the aromatic ring and out
of the C-H bond region and with one water O—H bond parallel to the benzene ring
(AEccspmyimin= -2-45 keal/mol, displacement of 2.6 A). The calculations also revealed that
at displacements of 3.5 A, interactions are substantially strong (AEccspmyimin= -1.49
kcal/mol).

The energies of parallel interactions at large horizontal displacement are
significant and comparable with the energy of most stable slipped-parallel benzene/benzene
dimer (AE= -2.84 kcal/mol) and larger than the energy of the CH/O interaction between
water and benzene.

The benzene molecules also prefer parallel interactions at large horizontal
displacement (larger than 4.0 A) in crystal structures [3]. The calculations, done on the
benzene-benzene model system, have shown that the strongest interaction occurs at
displacement of 1.5-2.0 A, while at displacements of 3.5-5.0 A interactions are substantially
strong (about 2.0 kcal/mol). In the crystal structures, at the large displacement the
additional stabilization is achieved by other simultaneous interactions of benzene n
system.[3] Our results indicate importance of the water/aromatic and aromatic/aromatic
parallel alignment interactions at large displacements.

[1] B. D. Ostoji¢, G. V. Janji¢, S. D. Zari¢, Chem. Commun., 28, (2008) 6546-6548;

[2] G.V. Janji¢, D. Z. Veljkovi¢, S. D. Zarié, Cryst. Growth Des., 11, (2011) 2680-2683;
[3] D. B. Ninkovi¢, G. V. Janji¢, D. Z. Veljkovié, D. N. Sredojevié, S. D. Zari¢,
ChemPhysChem, 12 (2011) 3511-3514.
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Interakcije aromati¢nih molekula su od velikog zna¢aja u mnogim oblastima, jer
se aromati¢ni molekuli 1 grupe javljaju u razli¢itim sistemima. Nedavno, otkrili smo
paralelne interakcije na velikim horizontalnim pomacima, i to izmedu molekula vode i
aromati¢nih prstenova [1,2], kao i izmedu dva molekula benzena [3].

Ispitivanja paralelnih interakcija zasnovana su na analizi kristalnih struktura,
dobijenih pretragom Kembri¢ke kristalografske banke podataka (CSD, Cambridge
Structural Database) i na ab initio proracunima visokog nivoa.

U kristalnim strukturama, veéina paralelnih interakcija, kod kojih je ceo molekul
vode ili samo jedna njegova O-H grupa paralelna sa ravni aromati¢nog prstena, se ne nalazi
iznad aromati¢nog prstena, nego izvan njega, na velikim horizontalnim pomacima [2].
Proracuni, koji su uradeni na model sistemu voda-benzen, pokazali su da se najjace
paralelne interakcije zaista javljaju na velikim horizontalnim pomacima, izvan aromati¢nog
prstena i oblasti C-H veza, i to kada je samo jedna O-H grupa vode paralelna sa ravni
aromati¢nog prstena (AECCSD(T)(hmn)— -2,45 kcal/mol, pomak od 2,6 A). Proraduni su takode
pokazali i da su energije ovih interakcije znacajne ¢ak i na pomacima od 3,5 A
(AECCSD(T)(hmlt)f -1 49 kcal/mol)

Energije paralelnih interakcija na velikim horizontalnim pomacima pokazale su se
znacajnim i uporedive po jacini sa najjaCom interakcijom izmedu molekula benzena, kod
koje su ovi molekuli paraleno smaknuti (AE= -2,84 kcal/mol), medutim jac¢e su od CH/O
interakcija izmedu molekula benzena i vode.

Molekuli benzena u kristalnim strukturama takode preferiraju paralelne interakcija na
velikim horizontalnim pomacima (veéim od 4,0 A) [3]. Proracuni, koji su radeni na model
sistemu dimera benzena, pokazali su da se najjace paralelne inetrakcije ipak javljaju na
pomacima od 1,5-2,0 A, dok su ove interakcije na pomacima od 3,5-5,0 A jo$ uvek jake
(oko 2,0 kcal/mol). U kristalnim strukturama, na velikim horizontalnim pomacima javlja se
dodatna stabilizacija, usled simultanih interakcija u koje su ukljuceni interagujuci molekuli
benzena [3]. Nasi rezultati upucuju na znacaj paralelnih interakcija izmedu molekula vode i
aromati¢ne grupe, kao i izmedu dva aromati¢na molekula, u razli¢itim sistemima.

[1] B. D. Ostoji¢, G. V. Janji¢, S. D. Zari¢, Chem. Commun., 28, (2008) 6546-6548.

[2] G.V. Janji¢, D. Z. Veljkovi¢, S. D. Zarié, Cryst. Growth Des., 11, (2011) 2680-2683.
[3] D. B. Ninkovi¢, G. V. Janji¢, D. 7. Veljkovi¢, D. N. Sredojevié, S. D. Zari¢,
ChemPhysChem, 12 (2011) 3511-3514.
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In previous paper [1] we have described a model of an air cooled tube with string of
movable spheres ("crystallization lattice bridge") installed in a laboratory tube furnace, with
the aim of regulating the crystallization fronts and rates in columns of crucibles. Here we
describe the improvement of the interior of the cooler, i.e. an air-cooled tube with a series
of holes ("crystallization shelf-comb") (Fig. 1). The improved cooler is simpler to build
and handle, enables regulation paths and rates of air flow, and can also be installed in
crucible or chamber furnaces.
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Figure 1. Crystallization shelf: (1) laboratory tube furnace, (2) air-cooled tube ("air-
heat saw'"), (3) hole (''nest") for plug (cold "threshold"), (4) telescopic movable plug ,
(5) crucibles, and (6) string of Tamman test tubes [2,3].

Plugs of various shapes and dimensions can be mounted and thus tested
simultaneously. By varying the internal and external shape and dimensions of the
cooler, a set of crystallization tubes-combs can be modelled for tests in a wider
range of crystallization parameter and substances. The relationships between the
crystallization rate and parameters of air-cooled tube are derived and numerically
analyzed.

[1] B. Cabric, N. Danilovic, J. Appl. Cryst., 42 (2009) p. 545.

[2] K.-T. Vilke, Virashchivanie kristallov Nedra, Leningrad, 1977. (in Russian)

[3] K.-Th.Wilke, J.Bohm, Kristallziichtung ,Verlag Harri Deutch, Thun Frankfurt/Main,
1988.
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U prethodnom radu [1] opisali smo model vazdu$no hladene cevi sa nizom pokretnih sfera
("kristalizaciona resSetka-most") koja je instalirana u laboratorijskoj cilindricnoj peéi, s
ciljem da se reguliSu frontovi i brzine kristalizacije u kolonama tiglova. Ovde smo opisali
poboljSanje unutras$njosti hladnjaka, tj. vazdusno hladene cevi sa nizom otvora
("kristalizaciona polica-Cesalj") (SL.1). Poboljsani hladnjak je jednostavniji za izgradnju i
rukovanje, omoguéava regulisanje putanje i brzine vazdusne struje , i moze se takodje
instalirati u tigl ili u komornim pec¢ima.
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Slika 1. Kristalizaciona polica: (1) laboratorijska cilindri¢na peé, (2) vazdusSno
hladena cev ("vazdu$no-toplotna testera'), (3) otvor (''gnezdo'") za utika¢ (hladan
"prag"), (4) teleskopski pokretan utika¢, (5) tiglovi, i (6) niz Tamanovih test
epruveta [2,3].

Utikaci razli¢itih oblika i dimenzija mogu da budu montirani i tako simultano
testirani. Variranjem unutra$njeg i spoljasnjeg oblika i dimenzija hladnjaka, moze se
modelovati garnitura kristalizacionih cevi-CeSljeva za testiranje Sireg opsega
kristalizacionih parametara i supstanci. Izvedene su i numericki analizirane relacije izmedu
brzine kristalizacije i parametara vazdusno hladene cevi..

[1] B. Cabric, N. Danilovic, J. Appl. Cryst., 42 (2009) str. 545.

[2] K.-T. Vilke, Virashchivanie kristallov Nedra, Leningrad, 1977. (in Russian)

[3] K.-Th. Wilke, J. Bohm, Kristallziichtung , Verlag Harri Deutch, Thun Frankfurt/Main
1988.
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Stacking interactions between bipyridine ligands (bipy) were studied by analyzing data in
the Cambridge Structural Database (CSD) and by DFT calculations. In most of crystal structures two
bipy ligands were oriented head-to-tail. Based on the data in CSD, we classified the overlaps of bipy
ligands in five types. The types were defined by values of geometrical parameters and interactions of
the same type had very similar overlap pattern. The most frequent are structures with quite large area
of overlap including both chelate rings and all pyridine fragments (Figure). The types of overlap are
influenced by the ligands coordinated at the third and fourth coordinating positions, and by molecules
(ions) from environment in the crystal structure.

Results of calculations show that the energy of most stable stacking interaction between two
[Ni(CN),bipy] complexes is -27.73 kcal/mol. In this geometry there is largest overlap of planar
delocalized m-system of molecules, and besides the chelate-chelate overlap, there are aryl-aryl
(pyridyl) and aryl-chelate overlaps. In the most stable geometry of stacked bipy ligands interactions is
significantly stronger than in the most stable geometry of stacked pyridines (-4.08 kcal/mol).

These results can be very important in different molecular systems. In biological systems
these complexes can intercalate and can be used in chemotherapeutic treatment to inhibit DNA
replication in increscent cancer cells.

\_
0, g™ /T

Figure. GETMIC crystal structure fragment - (bis(acetamidato-N)-(2,2'-bipyridyl-N,N")-platinum(II)
hydrate). It shows most frequent overlapping of ligands in crystal structures.
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Steking interakcije izmedu bipiridinskih liganada (bipy) su proucavane analizom podataka
iz Kembricke kristalografske banke podataka (CSD) i DFT prora¢unima. U najveéem broju kristalnih
struktura dva bipy liganda imaju glava-rep orijentaciju. Na osnovu podataka iz CSD-a klasifikovali
smo preklapanja bipy liganada u 5 tipova. Tipovi su definisani na osnovu vrednosti geometrijskih
parametara i interakcije istog tipa imaju veoma slian nacin preklapanja. Najcesée su strukture sa
velikom povrSinom preklapanja, koja ukljucuje sve helatne i piridinske fragmente (Slika). Na nacin
preklapanja Cesto uticu ligandi koordinovani na tre¢em i Cetvrtom koordinacionom mestu, ali i
molekuli (joni) iz okruzenja u kristalnoj strukturi.

Rezultati proratuna pokazuju da energija najstabilnije steking interakcije izmedu dva
[Ni(CN),bipy] iznosi -27,73 kcal/mol. Kod ove geometrije javlja se najvece preklapanje planarnih,
delokalizovanih m-molekula, i pored helat-helat preklapanja, postoje aril-aril(piridil) i aril-helat
preklapanje. Interakcija izmedu preklopljenih bipiridina je mnogo jaca nego izmedu preklopljenih
piridina u najstabilnijim geometrijama (-4,08 kcal/mol).

Ovi rezultati mogu biti veoma znacajni kod razli¢itih molekulskih sistema. U bioloskim
sistemima ovi kompleksi mogu da se interkaliraju i koriste u svrhe hemoterapijskog tretmana kako bi
inhibirali replikaciju DNK u rastu¢im ¢elijama tumora.

\
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Slika. Fragment kristalne strukture GETMIC (bis(acetamidato-N)-(2,2'-bipiridil-N,N")-platina(II)
hidrat). Prikazuje preklapanje liganada koje se javlja najéesce u kristalnim strukturama.
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X-ray crystallography has improved our understanding of the structural basis of human
diseases, and is essential for structure-based drug design. We are interested in structure-
function analysis of steroid derivatives for the treatment of prostate and breast cancer.
Hormone-dependent tumors, such as breast or prostate cancer, are leading causes of death,
and manipulation of steroid signaling or biosynthesis with synthetic derivatives is an
effective treatment method. Recently we developed an efficient synthesis of A-ring
modified 17-picolyl and 17-picolinylidene androstane derivatives. To identify molecular
targets for these potential anti-tumor compounds, we conducted virtual screening using
ligand-based methods, and molecular docking simulations against targets of steroidal drugs
currently used in the treatment of hormone-dependent cancers: estrogen receptor a (ERa),
androgen receptor (AR), Aromatase (CYP19Al) and 17,20-lyase/17a-hydroxylase
(CYP17A1). Crystal structures of steroid receptors, ERa. and AR, have been solved in
complex with anti-cancer drugs such as tamoxifen. In addition, crystal structures of
cytochrome P450 enzymes necessary for conversion of androgen to estrogen (CYP19A1)
and the biosynthesis of androgens (CYP17A1) have been solved in complex with clinically
approved steroidal anti-tumor drugs, Exemestane and Abiraterone. Using crystal structures
of our synthesized steroidal derivatives as templates, molecular models were created and
used in molecular docking simulations against ERa, AR, CYP19A1 and CYP17Al. Both
ligand-based screening and molecular docking simulations identified CYP17A1 as the most
likely target of 17-picolinylidene androstanes. Furthermore, the synthesized compounds
displayed strong anti-tumor activity against prostate cancer. Significant correlations were
found between observed anti-tumor activities and predicted binding affinities for
CYP17A1. Moreover, predicted binding affinities correlate strongly with in vitro CYP17A1
inhibition activities. Comparison with the crystal structure of CYP17A1 in complex with
Abiraterone suggests 17-picolinylidene androstanes inhibit CYP17 activity by coordination
with the central heme iron. Our results demonstrate that in silico virtual screening can
successfully predict molecular targets of steroidal compounds, and can combine small-
molecule and protein X-ray crystallographic data to predict protein-ligand binding
geometries. Results are being used to guide future synthesis.

*Supported by Ministry of Education and Science, Republic of Serbia (Project ON172021)

[1] Penov-Gasi, K. M. et al., Steroids (2007) 72, 31; [2] DeVore et al., Nature (2012).
[3] Gosh et al., ] Med Chem. (2012) Oct 11;55(19):8464-76.
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Penarencka xpucramorpaduja yBeTHMKO je MOOOJbIIANA HAIle pa3yMeBambe CTPYKTYPHHX
OCHOBa HaCTaHKa OOJIECTH W eCeHIIMjaHa je 3a PaBoj W AM3ajH JieKoBa. Hamia rpyma pamu
Ha aHAJIM3Upamy Be3e CTPYKType U (YHKLIHje CTepOMIHUX AepuBaTa KopumheHux y
TpeTMaHUMa KaHIepa IOjKe M IpocTaTe. XOPMOHCKM 3aBUCHH TYMOPH, Kao LITO Cy
KaHlepu Jojke W mpocrare, cy mely BoaehmMm y3polMMa CMPTH I1a MaHHUIyJaluja
CTCPOMIHUM CUTHAJIMHIOM HWJIN 6I/IOCI/IHTe3OM CTepornga CHUHTCTUYKHUM J€pHUBaTHMa
Npe/CTaB/ba BpJIo eduKacaH TpeTMaH y Jieuemy oBHUX Oonectu. HenaBHO cMo pasBuin
MeTOl 3a cuHTe3y l|7-mukonun u  17-NUKOJMHWIWACH JiepuBaTa aHIpocTaHa
Moau(UKOBaHUX y A-mpcTeHy. 3a HWACHTU(HKALM]y MOJEKYJIapHUX MeTa OBHX
MOTEHIN]aJTHO aHTH-TYMOPCKHX jeINEbEba KOPUCTUIIN CMO BUPTYEIHU CKPUHUHT 3aCHOBaH
Ha JIMI'aHAy, U MOJIEKYJIApHU JIOKMHT JINTaH/a ¥ OHUX IPOTeHHa KOju ce JaHac Hajuelnhe
KOpHCTE Kao MeTe CTepOMAHHX JieKkoBa: ecrporeHor perentopa o (ERa), anmporenor
penentopa (AR), apomaraze (CYP19A1) u 17,20-nmjaze/1 7a-xunpokcmnaze (CYP17A1).
Kpucranne crpykrype crepounnux peuenropa, ERo u AR, pemene cy y xommiekcy ca
AHTU-TYMOPCKHMM JIEKOBMMa Kao INTO je TaMmokcudeH. KpucramHe CTpyKType HUTOXpOM
P450 en3smma HeonmxomHUX 3a KOHBep3Wjy anmporeHa y ectporene (CYPI9A1l) m
omocunresy anaporeHa (CYP17Al) pemiene cy y KOMIDIEKCY Ca CTEpOUIHHM AaHTH-
TyMOpPCKHM JIeKOBHMa, Exemestane u Abiraterone. KopumhemeM KpHUCTaTHUX CTPYKTypa
CHHTETHCAHUX jeIHIbeHha KPEeHpald CMO MOJIEKYJIapHe MOAelle Koje CMO YIOTpeOHiIH y
MoJeKynapHoM nokuHTy ca nmporenHnMa ERa, AR, CYP19A1 u CYP17Al. Bupryemau
CKPHHMHT W CHMYyJAIMje MOJIEKyJapHOT nokumHra uaeHtupukoBame cy CYP17Al1 xao
HajBepOBaTHU]y MeTy |7-NMKONMHUIMICHCKUX JepuBata aHjpocraHa. [lopen Tora,
CUHTETHCAHA JeIUIbCHa MOKa3ala Cy jaKy aHTH-TYMOPCKY aKTHBHOCT y henrjama KaHIepa
npocrare. Takole, nponalena je u kopenanuja nsmel)y aHTH-TYMOpCKE aKTHBHOCTH HEKOT
jenumema u npeasuleHor apuHuTera 3a Besusame ca nmporenHoM CYP17A1. [Ipeasulenn
apunuTeT Kopenupa M ca in vitro uaMepeHoM CYP17A1 wunxubummjom. IMTopehemem
kpuctanae crpykrype CYP17A1 y kxommiekcy ca Abiraterone-om cyrepume aa 17-
TMUKOJMHIIINICH aHIPOCTaHN WHXUOmpajy aktuBHOCT CYP17 xoopamHupajyhm xem rpymy.
Hamm pesynratu nokasyjy na in silico BAPTYeJIHH CKPHHUHT MOXE YCIIEITHO Jia IPEIBUIH
MOJIEKyJIapHE METE CTEPOHMIHHX jeIMICHa, U J]a c€ KOMOMHOBAmEM PEHIATCHCKE aHaIN3e
MaJIMX MOJIEKyJa U IPOTEHHA MOXKe IIPEIBUIECTH NPOTEHH-IUTaH TeOMETPHja KOMILIEKCa.
* 3axeamyjemo ce Munucmapcmesy npoceeme i nauke Penyonuxe Cpouje (npojexam ON172021)

[1] Penov-Gasi, K. M. et al., Steroids (2007) 72, 31; [2] DeVore et al., Nature (2012); [3] Gosh et al., ] Med
Chem. (2012) Oct 11;55(19):8464-76.
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Polyoxovanadates (POVs) are potential metal drugs due to attractive electronic
properties, promising bioactivities and relatively low toxicity in biological media [1]. POVs
interact with biomolecules of various and versatile activity (enzyme inhibitor or activator),
especially the Na'/K" ATPase inhibition. Hexavanadate (V6) is one of important series of
POVs, which had been extensively studied [2]. From the view of drug design, organic
segment in organo-functionalized V6 (Fig. 1) could further reduce toxicity of the metal
core, and increase probabilities of interaction with the targeted protein.
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Fig.1 Functionalized hexavanadate Fig. 2 Experimental charge density maps

Despite many classical crystallographic structures of functionalized V6, charge density
study have still not been deeply investigated. To get a better understanding of the physical
and chemical properties of functionalized V6, we perform the charge density analysis by
experimental and theoretical methods. The experimental charge density and EP
(electrostatic potential) were determined from accurate high resolution X-ray diffraction
data at 100 K, and the experimental charge density was refined using the Hansen-Coppens
multipole formalism. The theoretical charge density and EP were calculated by DFT. The
deformation density and residual map are shown in Fig 2. The topological analysis using
Bader’s theory has been also carried out. Additionally, there is a special charge transfer
between organic segment and POV core, which could explain POVs’ electronic properties.
ACKNOWLEDGEMENT
Xiao Xu is grateful for financial support to the International Union of Crystallography.

[1] a) Aureliano, M. et al, J. Inorg. Biochem., 103 (2009) 536-546.; b) Krstic, D. et al, Gen. Physiol.
Biophys., 28 (2009) 302-308.

[2]a) P. C. Yin et al, Angew. Chem. Int . Ed., 50 (2011) 2521-2525.; b) N. Bosnjakovic-Pavlovic et
al, Crystal Growth & Design., 11 (2011) 3778-3789.
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EXPERIMENTALNO I TEORIJSKO ISPITIVANJE GUSTINE
NAELEKTRISANJA FUNKCIONALIZOVANIH
HEKSAVANADATA
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Polioksovanadati (POV) su potencijalni lekovi zbog interesantnih elektronskih osobina,
bioaktivnosti i relativno niske toksi¢nosti u bioloskoj sredini [1]. POV ineraguje sa
razli¢itim biomolekulima (inhibitorima ili aktivatorima enzima), posebno Na'/K~ ATPaza
inhibitorima. U seriji POV, heksavanadati (V6) su posebno ispitivani [2]. Sa aspekta
dizajna lekova organski fragment u organofunkcionalizovanim V6 (Fig. 1) moze dalje
samnjivati toksi¢nost metalnog jezgra, i povecati verovatnocu interakcije sa ciljnim
proteinom.
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Fig.1 Funkcionalizovani heksavadanat Fig. 2 Mapa eksperimentalne gustine naelektrisanja

Eksperimentalna ispitivanja raspodele gustine naelektrisanja u funkcionalizovanim V6
jos uvek nisu radena iako postoji veliki broj klasi¢nih kristalografskih ispitivanja. U cilju
boljeg razimevanja fizickih i hemijskih svojstava funkcionalizovanih V6 ispitivali smo
raspodelu gustine naelektrisanja jedinjenja predstavljenog na Slici 1 na osnovu
eksperimentalnih i teorijskih metoda. Na osnovu eksperimentlne rendgenostrukturne
analize visoke rezolucije (T = 100K) odredena je gustina naelektrisanja i elektrostatickog
potencijal (EP) u ovom V6. Raspodela gustine naelektrisanja odredena je na osnovu
Hansen-Kopensovog multipol modela. Teorijska gustina naelektrisanja i EP odredeni su
DFT teorijskim metodom. Mapa deformacione i rezidualne elektronske gustine
predstavljene su na slici 2. Topoloska analiza zasnovana na Baderovoj teoriji je takode
uradena. Utvrdeno je da postoji prenos naelektrisanja izmedu organskog fragmenta i POV
jezgra koji objasnjava raspodelu EP u ovom polioksovanadatu.

ZAHVALNICA: Xiao Xu zahvaljuje Medunarodnoj uniji za kristalografiju na finansijskoj pomoci
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TOOL IN SCIENCE
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The first collection of minerals, in Karlovci, made director and professor of the
nature of Karlovac gymnasium Volni Andreas (Andrew Vol'ny, Andria Wolny, 1759-1827)
(Figure 1a) [1]. The second collection was part of a collection of schools in Novi Sad, the
most famous ”Velika, srpska pravoslavna gimnazija” in Novi Sad, Girls’ College, under the
supervision of Stevan Milovanov (1878-1920). First mineralogist, who was a member of
the Leopoldina (Deutsche Akademie der Naturforscher Leopoldina - Nationale Akademie
der Wissenschaften) and the Mineralogical Society, was Emanuel Jankovi¢ (1758-1791)
(Figure 1b). Collection of Emanuel Jankovic¢ was, for a time, served as a teaching tool, but
unfortunately, this collection was not preserved [2]. Today, the mineralogical collections
are used as motivation for learning chemistry and except the Natural History Museum ATP
Vojvodina in Novi Sad, they have them at schools. The collection of minerals and crystals
systematization is based upon their chemical composition. Display external and internal
structures of minerals and crystals, starting with the simplest Halite NaCl and the
complicated structure of alumino-silicates, rubies, emeralds. As extra motivation serve
crystals like quartz, diamond, beryl, galena and others.

Slika 1. Andrija Volni (1759-1827) a), Emanuel Jankovic (1758-1791) b)

[1] Z. Spevak, Slovak intellectuals: First headmasters of Grammar School in Karlovci,
Pedagoska stvarnost, vol. 49, iss. 9-10, (2003) 750-757.,

[2] Halasi T., Latinovi¢ D., Kalamkovi¢ S., Marinkovi¢ S., Halasi R., PoCeci nastave
hemije na teritoriji danasnje Autonomne Pokrajine Vojvodine od XVIII do pocetka XX
veka, Godisnjak Istorijskog arhiva Grada Novog Sada, (2006) 61-89.
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Prvu zbirku minerala sainio je, u Sremskim Karlovcima, direktor i profesor
prirode Karlovacke gimnazije, Andreas Volni (Andrew Vol 'ny, Andria Wolny, 1759-1827)
(Slika 1a) [1]. Druga zbirka je bila deo kolekcije novosadskih $kola, od kojih su
najpoznatije ,,Velika, srpska pravoslavna gimnazija” u Novom Sadu i Devojacka $kola,
pod nadzorom Stevana Milovanova (1878-1920). Prvi mineralog, koji je bio c¢lan
Leopoldine (Deutsche Akademie der Naturforscher Leopoldina - Nationale Akademie der
Wissenschaften) i MineraloSkog drustva, je Emanuel Jankovi¢ (1758-1791) (Slika 1b).
Zbirka Emanuela Jankovica je, jedno vreme, sluzila kao nastavno sredstvo, ali nazalost, ta
zbirka nije saCuvana [2]. Danas se mineraloske zbirke koriste kao motivacija za ucenje
hemije i sem Prirodnjackog muzeja ATP Vojvodine u Novom Sadu, poseduju ih i skolske
ustanove. U zbirkama se sistematizacija minerala i kristala vr$i na osnovu njihovog
hemijskog sastava. Prikazuju i spoljasnje i unutrasnje strukture minerala i kristala, pocev od
najednostavnijeg halita NaCl, do slozene strukture alumo-silikata, rubina, smaragda. Kao
posebna motivacija sluze najreprezentativniji kristali: kvarc, dijamant, beril, galenit i dr.

Slika 1. Andrija Volni (1759-1827) a), Emanuel Jankovic (1758-1791) b)

[1] Z. Spevak, Slovak intellectuals: First headmasters of Grammar School in Karlovci,
Pedagoska stvarnost, vol. 49, iss. 9-10, (2003) 750-757.,

[2] Halasi T., Latinovi¢ D., Kalamkovi¢ S., Marinkovi¢ S., Halasi R., PoCeci nastave
hemije na teritoriji danasnje Autonomne Pokrajine Vojvodine od XVIII do pocetka XX
veka, Godisnjak Istorijskog arhiva Grada Novog Sada, (2006) 61-89.
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ETIL (2E)-2-[2-(DIPHENYLPHOSPHINO)BENZYLIDENE]
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Three new square-planar Ni(Il) complexes [NiL(OCN)] (1), [NiL(NCS)] (2) and
[NiL(N3)] (3) with the condensation derivative of 2-(diphenylphosphino)benzaldehyde and
ethyl carbazate (HL) have been synthesized (Scheme 1). The crystal structures of all three
complexes were determined by X-ray structural analysis. The main crystallographic data
for complex 1, 2 and 3 are given, respectively: formula Cy;H,N3NiO;P, formula weight
476.08, crystal size 0.09 x 0.07 x 0.05 mm, monoclinic crystal system, P2;/n space group, a
=10.529(5) A, b = 13.797(5) A, ¢ = 14.945(5) A, p = 97.052(5)°, V = 2154.6(15) A®, Z =
4, p, = 1.468 Mg/m’, refinement on F” (280 parameters and 5855 independent reflections)
yielded R[F*> 26 (F?)] = 0.0348, wR,(F°) = 0.1019, S = 1.038; formula C,3H,,N;NiO,PS,
formula weight 492.16, crystal size 0.09 x 0.07 x 0.04 mm, monoclinic crystal system,
P2,/n space group, a = 9.689(1) A, b = 13.242(2) A, ¢ = 17.966(2) A, p = 104.725(2)°, V =
2229.4(5) A%, Z = 4, p, = 1.466 Mg/m’, refinement on F’ (280 parameters and 7397
independent reflections) yielded R[F”> 26 (F7)] = 0.0377, wR,(F°) = 0.1474, S = 0.764;
formula Cy;5H,6NsNiOssP, formula weight 524.16, crystal size 0.09 x 0.07 x 0.06 mm,
triclinic crystal system, P-1space group, a = 10.295(1) A, b =10.715(2) A, ¢ = 12.555(1) A,
a = 722003)°, B = 71.19(3)°, y = 75.13(2)°, V = 1228.909) A’, Z = 2, p, = 1.417
Mg/m’ refinement on F~ (330 parameters and 7635 independent reflections) yielded R[F*>
26 (F%)] = 0.0432, wR,(F’) = 0.1171, S = 0.813. It was found that despite the small
differences in the structure of the complex they show different biological behavior.
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Scheme 1. Complexes of Ni(Il) with ethyl (2E)-2-[2-(diphenylphosphino)
benzylidene]hydrazinecarboxylate and monodentate pseudohalides
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Sintetisana su tri nova kvadratno-planarna kompleksa Ni(II) [NiL(OCN)] (1),
[NiL(SCN)] (2) i [NiL(N3)] () sa kondenzacionim proizvodom  2-
(difenilfosfino)benzaldehida i etil karbazata (HL) (Shema 1). Rendgenskom strukturnom
analizom odredena je kristalna struktura sva tri kompleksa. Osnovni kristalografski podaci
za komplekse 1, 2 i 3 su dati respektivno: formula C,3HpoN3NiO3;P, molekulska masa
476,08, veli¢ina kristala 0,09 x 0,07 x 0,05 mm, monokliniéni kristalni sistem, prostorna
grupa P2,/n, a = 10,529(5) A, b = 13,797(5) A, ¢ = 14,945(5) A, B = 97,052(5)°, V =
2154,6(15) A’, Z = 4, p, = 1,468 Mg/m’, utatnjavanje sa F” (280 parametara i 5855
nezavisnih refleksija) dalo je R[F2> 20 (FZ)] = 0,0348, WRQ(FZ) = 0,1019, S = 1,038;
formula Cy3H,oN3NiO,PS, molekulska masa 492,16, veli¢ina kristala 0,09 x 0,07 x 0,04
mm, monoklini¢ni kristalni sistem, prostorna grupa P2,/n, a = 9,689(1) A, b = 13,242(2) A,
c = 17,966(2) A, p = 104,725(2)°, V = 22294(5) A’, Z = 4, p, = 1,466 Mg/m’,
utaénjavanje sa F° (280 parametra i 7397 nezavisnih refleksija) dalo je R[F*> 26 (F7)] =
0,0377, WR;(FZ) =0,1474, S = 0,764; formula Cy; sH,6NsNiO; sP, molekulska masa 524,16,
veli¢ina kristala 0,09 x 0,07 x 0,06 mm, triklini¢ni kristalni sistem, prostorna grupa P-1, a =
10,295(1) A, b = 10,715Q2) A, ¢ = 12,555(1) A, a = 72,2003)°, B = 71,193)°, y
75,13(2)°, V =1228,909) A’, Z =2, p, = 1,417 Mg/m’, uta¢njavanje sa F° (330 parametara i
7635 nezavisnih refleksija) dalo je R[F*> 26 (F7)] = 0,0432, wR,(F°) = 0,1171, S = 0,813.
Utvrdeno je da uprkos malim razlikama u strukturi dobijenih kompleksa oni pokazuju
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Shema 1. Kompleksi Ni(I) sa etil (2E)-2-[2-(difenilfosfino) benziliden]hidrazinkarboksilatom i
monodentatnim pseudohalogenidima
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The interaction of water molecule with aromatic systems is of large importance in
many areas, from materials to biomolecules [1,2]. Therefore, these interactions have
been the subject of extensive experimental and theoretical investigation [3].

Properties of water are substantially influenced by the presence of ions. Interactions
of coordinating water with aromatic rings are stronger even if an aqua complex is
neutral [4].

In this work, the parallel interactions between coordinating water molecules and
aromatic rings were studied by quantum chemical calculations and by analyzing data in
the Cambridge Structural Database.

The results show influence of water coordination to a metal ion. Namely, the parallel
interactions of coordinating water are stronger. The MP2/def2-TZVP interaction
energies of non-coordinating water and neutral aqua complex, trans-[ZnCl,(H,0)4],
with benzene molecule are -2.79 kcal/mol and -4.14 kcal/mol, respectively. The
interaction of charged aqua complex [Zn(H,0)q]*" is stronger, -13.94 kcal/mol. The
calculations also show that parallel interactions have significant energies even at large
offsets. At the offset value of 2.0 A the interaction energy of neutral complex is -1.44
kcal/mol, while interaction energy of charged complex is -7.80 kcal/mol.

The results of crystallographic analysis show that the parallel interactions between
coordinating water and aromatic ring exist in the crystal structures at large offsets. The
energy loss is compensated by the additional stabilization due to simultaneous
interactions of benzene n-system and aqua ligand with species from environment.
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Blake, Science 257 (1992) 942.
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CrystEngComm 15 (2013) 2099.
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WuTepakurje MoJieKyla BOJIE U apOMAaTHYHUX CHCTEMa Cy BEOMa Ba)KHE Y MHOTHM
obmactuMa, on martepujaia no Owomoinekyna [1,2]. 30or Tora cy oBe WHTEpakuHje
MpeAMET  OINCEeKHUX  eKCIepUMEHTAIHHX W TEOPHjCKHX HCTpaxmBama [3].

[TpucycTBO joHa 3HAYajHO YTHYe HA OcoOMHE MoJekyna Boge. MHTepakiuje
KOODJIMHOBaHE BOJE Ca apOMAaTHYHHM IPCTEHOBHUMA Cy jade, 4ak M KaJga je akBa
KoMIiekc HeyTpaiaH [4]. IlapanenHe mHTepakuuje KOOPIWHOBAHOT MOJIEKYyJa BOJE H
apoMaTHYHUX TMPCTEHOBA Cy Y OBOM paay [poydyaBaHe KBAaHTHO-XEMH)jCKUM
npopayyHMMa W aHaJu3oM nojartaka u3 KemOpuuke Oanke Kpucrajgorpadckux
nojaraka. Pesyntatu mpopadyHa mokasyjy yTHIA] KOOPIHUHAIMje MOJICKYJIa BOJIC 3a jOH
MeTana. Hamme, WHTepakiuje KOOpOMHOBaHE BOJE Cy jauye. EHepruje mapajenHux
MHTEpaKIrje HEKOOPAMHOBAHOT MOJIEKyJa Bojae M HeyTpaiHor trans-[ZnCly(Hy0)4]
KOMITIEKca ca OeHzeHoM, nobujene MP2 metomom, kopunthemem def2-TZVP 6Gaszmca,
penom cy -2.79 kcal/mol u -4.14 kcal/mol. aTepakunja mMO3UTUBHO HACIEKTPHUCAHOT
akBa kommiekca [Zn(H,0)6]*" je jaua m msHocu -13.94 kcal/mol. IIpopauynn, Takole,
nokasyjy Ja mapalieJHe HWHTEepakiMje MMajy 3HadajHe eHepruje 4ak W Ha BEIUKUM
opceruma. Ha o¢cer Bpeamoctu on 2.0 A eHepruja uHTepakuuje HeyTpamTHOT
komiuiekca je -1.44 kcal/mol, nox je eHepruja HHTEpakiyje HaEICKTPUCAHOT
komiiekca -7.80 kcal/mol. Pesynratm kpucranorpadcke aHanu3e Mokasyjy naa
napasejiHe HMHTepakluje KOOPJAMHOBAHOI MOJIEKyJa BOJE M apOMaTHYHOT MpCTEHa
MOCTOj¢ y KPUCTAJHUM CTPYKTypaMma Ha BEJHMKUM o(dceT BpeaHOCTHMA. EHepreTcku
ryOWTaK je KOMIICH30BaH JOJAaTHOM CTaOWIM3aIMjoM KOja MOTHYE OJ CHUMYJITaHUX
MHTEpaKinja OEH3eHOBOT T-CUCTEMa U aKBa JIMTaH/a ca BPCTaMa U3 OKPYKeHma.

[1]S. D. Zari¢, D. Popovié, E. W. Knapp, Chem-Eur. J. (2000) 3935.

[2] U. S. Raghavender, B. Chatterjee, I. Saha, A. Rajagopal, N. Shamala, P. Balaram, J.
Phys. Chem. B 115 (2011) 9236.

[3] S. Suzuki, P. G. Green, R. E. Bumgarner, S. Dasgupta, W. A., IIl Goddard, G. A.
Blake, Science 257 (1992) 942.

[4] D. Z. Vojislavljevi¢, G. V. Janjic, D. B. Ninkovi¢, A. Kapor, S. D. Zaric,
CrystEngComm 15 (2013) 2099.
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Complex, bis(S-butil-thiosalicylate)palladium(II) was obtained by direct reaction
of K,[PdCly], S-butil derivative of thiosalicylic acid and LiOH in molar ratio 1:2:2.
Reaction mixture was heated on a steam bath at 50°C for 3 h, during this period water
solution of LiOH was introduced. The complex bis(S-butil-
-thiosalicylate)palladium(II) as yellow participate was separated by filtration, washed with
water and air-dried. Singe crystals suitable for X-ray measurements were obtained by slow
crystallization from a DMSO-water system.

Crystallographic data: Empirical formula C,H,s04PdS,, M, = 524.95,
orthorhombic, space group Pbca, a = 10.3458(3), b = 20.5915(6), c = 20.7746(6) A, V =
4425.712) A*, Z=8, p,=1.576 g cm™, x = 1.053 mm’. Crystal structure was solved by
heavy atom method using SHELXS and refined on F”using SHELXL: R, = 0.0552, wR, =
0.1014, S = 1.095 for 264 parameters and 3793 independent reflections with /> 2a(1).
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Kompleks, bis(S-butil-tiosalicilato)-paladijum(II) dobijen je u reakciji K,[PdCly],
S-butil derivata tiosalicilne kiseline i LiOH u molskom odnosu 1:2:2. Reakciona smesa je
zagrevana na vodenom kupatilu na 50°C u periodu od 3 sata, tokom koga je smesi dodavan
vodeni rastvor LiOH. Zuti talog, bis(S-butil-tiosalicilato)paladijum(Il) kompleksa je
odvojen filtracijom, ispran je vodom i suSen na vazduhu. Kristali pogodni za rendgensku
strukturnu analizu dobijeni su prekristalisavanjem iz sistema DMSO-voda.

Kristalografski podaci: Empirijska formula C,HyO4PdS,, M, = 52495,
ortorombiéni, prostorna grupa Pbca, a = 20,8248(5), b = 8,9226(2), ¢ = 11,2833(2) A,
V=2096,57(8) A’>, Z=4, p, = 1,631 g em™, u = 7,534 mm". Kristalna struktura je resena
metodom teikog atoma primenom SHELXS i utatnjena sa F” primenom SHELXL:
Ry = 10,0552, wR, = 0,1014, S = 1,095 za 264 parametara i 3793 nezavisnih refleksija sa
1>2a(1).
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Here we present the synthesis and structural characterization of the copper(Il)
complex with pyridoxalaminoguanidine (PLAG) as primary and thiocyanate as secondary
ligand, viz. [Cu(PLAG)(NCS)(SCN)]. Green, rod-like single crystals of the complex were
obtained in the reaction of previously described [Cu(PLAG)MeOH](NOs), [1] with the
excess of NH4NCS in MeOH. The complex was characterized by elemental analysis, IR
spectroscopy, conductometric and magnetic measurements and X-ray analysis. Cu(Il) is
coordinated by one oxygen, three nitrogen and one sulphur atom to form a slightly distorted
(t = 0.056) square-pyramidal ON3S environment: O1, N1 and N3 of the chelate and N6 of
one thiocyanato ligand in the equatorial plane and S2 of the other thiocyanato ligand in the
apical position. Tridentate ONN coordination of PLAG, i.e. via oxygen atom of the
deprotonated phenolic OH-group and nitrogen atoms of azomethine and imino group of the
aminoguanidine moiety, results in the formation of two metallocycles: one 6-membered
(pyridoxilidene) and one 5-membered (aminoguanidine). PLAG is coordinated as a zwitter-
ion, formed by the migration of H-atom from phenolic OH-group to N-atom of the pyridine
ring of the pyridoxal moiety. Cu(Il) atom is shifted from the equatorial plane toward the
apical S2 ligator for 0.116 A. Pyridine ring of the pyridoxal moiety and 5-membered
metallocycle are planar, whilst 6-membered ring has a screw-boat conformation. Crystal
structure of the complex is stabilized by the extended network of intermolecular H-bonds.

Crystallographic data: CuCH3N;0,S,, M,
= 402.94, triclinic, space group P-1,
a=8.6659(5), b=9.1099(5), ¢ = 10.3200(6)
A, V'=769.86(8) A*, Doy = 1.738 gem >, Z
= 2, F(000) =410, u(MoK,) = 1.71 mm .
The refinement on F° (210 parameters)
yielded R; = 0.0302, wR, = 0.0734, S =
1.158, for all data, and R; = 0.0254 for 2717
reflections with 7> 2o(/).

M. M. Lalovi¢ thanks IUCr for the Scholarship for the participation at the Conference.
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U ovom radu opisana je sinteza 1 struktura kompleksa bakra(Il) sa
piridoksalaminogvanidinom (PLAG) kao primarnim i tiocijanatnim jonom kao
sekundarnim ligandom, formule [Cu(PLAG)(NCS)(SCN)]. Zeleni Stapicasti monokristali
kompleksa dobijeni su reakcijom ranije opisanog [Cu(PLAG)MeOH](NOs), [1] sa viskom
NH/NCS u MeOH. Kompleks je okarakterisan elementalnom analizom, IR spektrima,
konduktometrijskim i magnetnim merenjima i rendgeno-strukturnom analizom. Blago
deformisano (t = 0.056) kvadratno-piramidalno okruzenje Cu(Il) Cine tridentatno ONN
koordinovan PLAG i dva monodentano koordinovana tiocijanatna jona, od kojih je jedan
koordinovan preko atoma azota, a drugi preko atoma sumpora. Helatni ligand koordinovan
je u zwitter-jonskoj formi, nastaloj migracijom atoma vodonika sa fenolne OH-grupe na
atom azota piridoksalnog ostatka. Koordinacijom PLAG preko atoma kiseonika
deprotonovane OH-grupe i atoma azota azometinske i imino grupe aminogvanidinskog
fragmenta, nastaju dva metalocikla, i to jedan Sestoclani (piridoksilidenski) i jedan
petoclani (aminogvanidinski).

Centralni jon je pomeren iz bazalne ravni koordinacionog poliedra ka NCS™ jonu u
apikalnom poloZaju za 0,116 A. Peto¢lani metalocikl i piridinski prsten piridoksalnog
ostatka su planarni, dok Sestoclani metalocikl ima konformaciju “uvijene lade”. Kristalna
struktura kompleksa stabilizovana je mrezom intermolekulskih vodoni¢nih veza.

Kristalografski podaci: CuC; H;3N;0,S,,
M, =402,94, triklini¢ni sistem, prostorna
grupa P—1, a = 8,6659(5), b =9,1099(5), ¢ =
10,3200(6) A, V=769,86(8) A’, D =
1,738 gem Z = 2,
F(000) = 410, (MoK,) = 1,71 mm".
Utagnjavanje sa F* (210 parametara) dalo je
R;=0,0302, wR,=0,0734, S = 1,158, za sve
podatke, i R; = 0,0254 za 2349 refleksija sa
1>20(1).

M. M. Lalovi¢ se zahvaljuje IUCr (Inter—nacionalnoj uniji za kristalografiju) na dodeljenoj
stipendiji za ucesc¢e na Konferenciji.
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Contrary to conventional bulk magnets, there are molecules that show a very long
time for magnetic relaxation of purely molecular origin. Such molecules retain
magnetization at very high temperatures, even after the discontinuation of external
magnetic field, and can be considered as single-molecule magnets (SMM) [1]. The features
of SMMs were used to store information at the molecular level [2], as well as for the
development of quantum computers. The basic requirement, necessary for a long relaxation
time, is the existence of the energy barrier that separates the states with positive and
negative values of the magnetic moments with respect to the selected axis of magnetization.

In this work we show that controlling the geometry of the complex is the key to
achieve very high barriers in specially designed systems. Using state-of-the-art first
principles calculations for the single-ion magnet NiCl3(Hdabco), (dabco is 1,4-
diazabicyclo[2.2.2]-octane) we show that the spin-reversal barrier for the molecule is Ugy =
643 cm™ which is the first reported to be much larger than room temperature. Furthermore,
we analyzed the influence of electronic configuration on magnetic anisotropy in
“scorpionate”, i.e. hydro(tris-pyrazol-1-yl)borate (in further text-Tp’) metal complexes,
more precisely [TpMn(III)C1]" and [TpFe(II)Cl]. Very poor Jahn-Teller distortion in
NiCl;(Hdabco), and [TpFe(II)Cl] complexes lead to strong magnetic anisotropy even in the
minimum structures. The strong Jahn-Teller distortion in [TpMn(III)C1]" acts against spin-
orbit coupling, hence significant reduction of magnetic anisotropy was observed.
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Nasuprot konvencionalnim magnetima, postoje sistemi koji pokazuju veoma dugo
vreme za relaksaciju magnetizacije na molekulskom nivou. Takvi molekuli, nazvani single-
molecule magnets (SMM) zadrzavaju magnetizaciju i po prestanku delovanja spoljasnjeg
magnetnog polja. Ovakva svojstva su iskoriS¢ena za skladiStenje informacija na
molekulskom nivou, kao i za izradu kvantnih racunara. Osnovni uslov koji je neophodan za
postojanje dugog vremena relaksacije magnetizacije jeste postojanje energetske barijere
koja razdvaja stanja sa pozitivnim i negativnim vrednostima magnetnih momenata u odnosu
na izabranu osu magnetizacije.

U okviru ovog rada pokazano je da je kontrolisanje geometrije kompleksa, klju¢no
za postizanje visokih barijera u specijalno dizajniranim sistemima. Koris¢enjem kvantno
mehanickih proracuna visoke tacnosti, ustanovljeno je da kompleks NiCl;(Hdabco), (dabco
=1,4-diazabiciklo [2.2.2]-oktan) poseduje veome visoku barijeru (Ugy = 643 cm™). Nadalje
su analizirani 1 uticaji elektronske konfiguracije na magnetnu anizotropiju u
“Skorpionatnim”-hidro(tris-pirazol-1-il)borat (u daljem tekstu-Tp’) kompleksima prelaznih
metala, preciznije [TpMn(III)CI]" i [TpFe(I)C1] kompleksima. Distorzija u NiCls(Hdabco),
i [TpFe(IDCIl] je slabo izrazena, usled Cega je magnetna anizotropija za pomenute
komplekse velika i u geometriji minimuma. Usled izrazite Jahn-Teller distorzije u
[TpMn(III)CI]" kompleksu, koja deluje nasuprot spin-orbitalnom kuplovanju, dolazi do
drasti¢ne redukcije magnetne anizotropije.
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In the course of the investigation in K,0-Al,05-SiO, system single crystals of the
phase on binary join Si0,-KAlO, were synthesized. This compound was obtained from KF
flux at 1200 °C following previously published synthesis routes [1]. Its chemical
composition was determined by SEM-EDS to be K, 3Al; 135195704 The crystal structure
was solved from single crystal X-ray diffraction data (MoKa radiation, CCD detector, RT,
Omax = 27.35 ©). The crystal structure was refined on F~ in space group /4mm to the R;-value
of 3.44 % (a=8.9457(5), c=5.2281(3) A, ¥ =418.38(4) A%). This is the first structural
refinement of the single crystal of this composition.

Body-centered tetragonal tectosilicate K;.xAl;+xSi;xO4 (x = 0.13) is isostructural to
compounds found on Si0,-K,MgO,, Si0,-K,Zn0,, and SiO,-KFeO, binary joins [2]. Eight
Si and Al atoms are disordered over single set of equivalent tetrahedrally coordinated sites.
The average T—O (T=Si, Al) bond length is 1.679(2) A. These tetrahedra form four-
membered rings further interconnected into six- and eight-membered rings with two types
of intervening large cavity sites. The sites between facing four-membered rings (K2) are
fully occupied and the K atoms in these sites are coordinated by eight O atoms forming an
antiprism. On the other hand, Kl sites in large, square channels show a smeared out partial
occupancy probably caused by K-K repulsion [2]. K1 site occupancy refinement resulted in
38% of the vacancies. This is similar to the results of SEM-EDS chemical analyses.

An alternative way to describe the structure is to represent it as ABABAB setup
composed of layers built up of six-membered 70, tetrahedra rings in DUUDUU
conformation.

Financial support by the Swiss National Science Foundation (SNSF) through the
grant 127370-127961 and Ministry of Education, Science and Technological Development
of the Republic of Serbia through the grant OI 172035 and OI 176016 is gratefully
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Tokom ispitivanja faznog sistema K,0-Al,05-SiO, sintetisani su monokristali faze
na binarnom spoju Si0,-KAIlO,. Ovo jedinjenje je dobijeno kristalizacijom u KF fluksu na
1200 °C, prema ranije predlozenoj proceduri [1]. Hemijski sastav K, j3Al; 135195704 je
odreden SEM-EDS metodom. Kristalna struktura je reSena iz podataka dobijenih
rendgenskom difrakcijom na monokristalu (MoKa zracenje, CCD detektor, RT, G =
27,35 ©). Kristalna struktura je utacnjena na kvadratima strukturnih amplituda u prostornoj
grupi 4mm do R;-vrednosti od 3,44 % (a = 8,9457(5), ¢ = 5,2281(3) A, V'=41838(4) A%).
Ovo je prvo strukturno uta¢njavanje monokristala ovog sastava.

Unutra$nje-centrirani tektosilikat K. Al;+,Si;xO4 (x=0,13) je izostrukturan sa
kristalima koji se javljaju na SiO,-K,MgO,, Si0,-K,Zn0O, i SiO,-KFeO, binarnim
spojevima [2]. Si 1 Al atomi su statisti¢ki rasporedeni u osam ekvivalentnih tetraedarskih
polozaja. Srednja 7—O (T=Si, Al) duzina veze je 1,679(2) A. Tetraedri formiraju
Cetvoroclane prstenove koji se dalje spajaju u Sestoclane i osmoc¢lane prstenove, formirajuci
dve vrste velikih intersticijskih poloZaja. Polozaji izmedu suceljenih cetvoro¢lanih
prstenova (K2) su potpuno zauzeti i K atomi u ovim poloZajima su koordinisani sa osam
atoma kiseonika koji formiraju antiprizmu. Sa druge strane, K1 polozaji u velikim
kvadratnim kanalima koji su delimi¢ni popunjeni, imaju izrazito izduZene termalne
elipsoide, §to je verovatno uzrokovano K-K odbijanjem [2]. Utacnjavanje faktora zauzeca
ovog polozaja je rezultovalo sa 38% vakancija. Ovaj rezultat je slican SEM/EDS hemijskoj
analizi.

Alternativni nacin da se opiSe ova struktura je ABABAB slaganje slojeva izgradenih
od Sestoclanih 7O, tetraedarskih prstenova sa DUUDUU konformacijom.

Ovo istrazivanje finansijski je pomogao Svajcarski nacionalni naucni fond (SNSF),
ugovor 1Z7370-127961 i Ministarstvo prosvete, nauke i tehnoloskog razvoja Viade
Republike Srbije OI 1720351 Ol 176016.
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The binuclear complex of Cu(Il) was obtained by direct reaction of Cu(NO;),,
bidentate ligand S-methyl-derivative of thiosalycilic acid and LiOH in molar ratio 1:2:2.
Reaction mixture was heated and mixed on a magnetic stirrer at 40°C for 4 h, during this
period water solution of LiOH was added. Crystals suitable for X-ray measurements were
obtained by slow crystallization from water solution after few days.

Crystallographic data: Empirical formula C;,H3,0,0Cu,S4, M, = 831.90, triclinic,
space group Pl—, a = 11.3834(5), b = 11.8107(4), ¢ = 13.9707(7) A, o = 69.317(4),
B = 77.826(4), y = 88.925(3)°, V = 1714.54(13) A*, Z=2 (2" = 1), p, = 1.611 g cm™,
u =4.288 mm™. Crystal structure was solved by heavy atom method using SHELXS and
refined on F2 using SHELXL: R; = 0.328, wR, = 0.0894, S = 1.041 for 453 parameters and
5800 independent reflections with /> 26(J).
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Binuklearni kompleks bakra(II) dobijen je u reakciji Cu(NO;),, bidentatnog
liganda S-metil derivata tiosalicilne kiseline i LIOH u molskom odnosu 1:2:2. Reakciona
smesSa je zagrevana i meSana na magnetnoj mesalici na 40°C 4 sata. Tokom tog perioda
reakcionoj smesi je dodavan vodeni rastvor LiOH. Kristali kompleksa pogodni za
rendgensku struturnu analizu dobijeni su iz vodenog rastvora nakon nekoliko dana.

Kristalografski podaci: Empirijska formula Cs,H3,010Cu,Ss, M, = 831.90,
triklini¢ni, prostorna grupa P1—, a = 11,3834(5), b = 11,8107(4), ¢ = 13,9707(7) A, a =
69,317(4), f = 77,826(4), y = 88,925(3)°, V' =1714,54(13) A*, Z=2 (2= 1), p, = 1,611 g
em®, u = 4,288 mm™'. Kristalna struktura je reSena metodom teikog atoma primenom
SHELXS i utacnjena sa F? primenom SHELXL: R, = 0,328, wR, = 0,0894, § = 1,041 za
453 parametara i 5800 nezavisnih refleksija sa /> 25(J).
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Mechanical activation of precursors has been used for the preparation of Cr-doped
sphene ceramic pigments (CaTi;—yCrySiOS5, Cr/Ti atomic ratio = 0.03, 0.05, 0.1, 0.15, 0.35
and 0.5) [1]. Ceramic material has been prepared from a powder mixture of CaCOs, TiO,,
Si0O, and Cr(NO3)-9H,0 using vibro-milling for homogenization and precursor activation.
The mechanochemical process initially yielded amorphous powders, which on further
calcination, crystallized to yield Cr-doped sphene ceramic pigment. Phase evolution in
CaTi,-,Cr,SiOs composition with thermal treatment was investigated by X-ray powder
diffraction (XRPD). Texture properties and particle size distribution were analyzed by
scanning electron microscopy (SEM) and laser diffraction, respectively. UV/vis reflectance
spectra are used to determinate the behavior of the chromium ion. The color efficiency of
pigments was evaluated by colorimetric analysis (CIE L*a*b system). Photoluminescence
measurements were also performed.
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Fig.1. XRPD patterns of sphene doped with Cr (30 min grinding) after heating at 1200 °C.
Symbols: e—CaTiO;, *—Si0O,. The sphene peaks have not been labeled.
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3a mpumpeMy KepaMHUYKHX IUIMEHTata Ha 0a3u cdeHa MOMUpaHUX XPOMOM
(CaTi;-,Cr,Si0s, Cr/Ti onnoc = 0.03, 0.05, 0.1, 0.15, 0.35 u 0.5) xopumheHa je MexaHU4Ka
akTuBauuja mpekypcopa [1]. Kepamuukun marepujan je NpPUNPEMIbEH OJ MeEIIaBHHE
npaxosa CaCOs, TiO,, SiO, u Cr(NO3)-9H,0 xopucrehu BUOPO MIIMH 32 XOMOT€HU3AIH]Y U
aKTHUBHpamke MpeKkypcopa. MexaHOXeMHjCKU MPOoLeC je MPBOOUTHO a0 aMOp(HEe Mpaxose,
KOjH J1aJbOM KJIIMHALMJOM KpucTanuiry aajyhu xepamMuuke NMurMeHte Ha 0asu cdena
Jorupane xpomoM. Eponyumja dasa CaTi, ,Cr,SiOs ncnurana je nmomohy peHareHcke
mudpakinuje ca npaxa. MUKPOCTPYKTYpa H BEIMYMHA 4YECTHIA Cy aHAIW3UpaHe
CKeHHpajyhoM eNeKTPOHCKOM MHKPOCKOIHUjOM U JiacepckoM audpakiujoM. ONTHYKA
criekTpu cy KopuiiheHu 3a yTBphuBame mosoxkaja jona xpoma. Komopumerpujckom
anammzom (CIE L*a*b cucrem) ompeljena je 6oja nurmenara. Takole, ypahena cy
(bOTOTyMHHECIICHTHA MEpEeHha.
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Cnuka 1. Jludpakrorpamu cdena monmpanHor xpomom (HakoH 30 min MiEeBEma)
cuarepoBaHor Ha 1200 °C. Cumbomu: e—CaTiO;, *—SiO,. IlukoBu cdena HuCy
o0eexeHn.
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Single phase solid solution Cel-xBixO2-, with the composition of x = 0.1 — 0.5 were
successfully synthesized at room temperature using simple and fast Self Propagating Room
Temperature procedure (SPRT) [1]. Thermal stability of these solid solutions was
investigated at various temperatures up to 1400 °C by applying differential thermal and
thermogravimetric analysis (DTA/TG). Thermally treated powders were characterized by
X-ray powder diffraction (XRPD), scanning electron microscopy (SEM) and Infrared (IR)
spectroscopy. It was found that the sample with 10 mol% of Bi3+ stays stable and
monophased even at temperature as high as 1400 oC. On the other side, samples with
higher concentration of Bi are unstable at high temperatures. Namely, Bi leaves the
structure of ceria and forms -Bi203 and B’-Bi203 as secondary phase, which starts to
evaporate at temperatures higher than 1100 °C.
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Figure 1. XRPD patterns of Ce0.70Bi0.3002-6 sample after heating at temperatures from
600 to 1200 °C. ( mark “*” represents '—Bi203, mark “e” represents f—Bi203).
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Primenom jednostavne i efikasne samostalno propagirajuée sinteze na sobnoj temperaturi
(SPRT metoda) sintetisana je serija ¢vrstih rastvora Cel-xBix02-6 sastava x = 0,1 — 0,5 [1].
Termicka stabilnost dobijenih ¢vrstih rastvora ispitivana je primenom diferencijalno
termicke i1 termogravimetrijske analize (DTA/TG) do temperatura od 1400 °C. Osim toga,
termicki tretirani uzorci su analizirani rendgenskom difraktometrijom praha, (XRPD)
skeniraju¢om elektronskom mikroskopijom (SEM) i infracrvenom spektroskopijom (IR).
Primenjena ispitivanja su pokazala da uzorak sa 10 mol% Bi3+ ostaje monofazan do 1400
°C. Sa druge strane, uzorci sa viS§im sadrzajem bizmuta na poviSenim temperaturama su
nestabilni. Naime, Bi napusta strukturu cerijum oksida formirajuci sekundarne faze bogate
bizmutom u vidu $-Bi203 i §’-Bi203, da bi kasnije na temperaturama iznad 1100 °C doslo
do gubitka bizmuta procesom isparavanja
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Slika 1. Rendgenski dijagrami praha uzoraka sastava Ce0,70Bi0,3002-3 nakon odgrevanja
na temperaturama od 600 do 1200 ° i pre odgrevanja (SPRT), simbol “ * ” predstavlja p'-
Bi203, dok “e” predstavlja B—Bi2O3.

ZAHVALNICA

M. Prekajski zahvaljuje Internacionalnoj uniji za kristalografiju na finansijskoj pomo¢i.

[1] Prekajski M, Dohcevic-Mitrovic Z, Radovic M, Babic B, Pantic J, Kremenovic A,
Matovic B. Nanocrystaline solid solution CeO2-Bi203. J Eur Ceram Soc 32 (2012) 1983-
87.



64 XX KOHPEPEHLINJA CPIMCKOIr KPUCTANTIOIPASCKOI™ APYLLUTBA

CRYSTAL STRUCTURES OF Cds(VO4)2(OH)s AND CdV;04

T. Pordevié* and Lj. Karanovi¢”

"Institut fiir Mineralogie und Kristallographie, Geozentrum, Universitidt Wien, Althansstr.
14, A-1090 Vienna, Austria; "Faculty of Mining and Geology, Laboratory for
Crystallography, Pusina 7, 11000 Belgrade, Serbia.

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

Natural and synthetic metal vanadates often form tetrahedral-octahedral
framework structures with potentially interesting properties (e.g., ion conductivity, ion
exchange and catalytic activities). Besides high temperature solid-state reactions,
hydrothermal methods have also proved to be effective for the synthesis of new vanadium
compounds [1-3 and references therein]. To control the products of hydrothermal synthesis
is often difficult because of high sensitivity to the specific reaction conditions. However,
hydrothermal syntheses often result in well-developed single crystals. An ongoing study
concerning the low-temperature hydrothermal synthesis, crystallography and properties of
vanadate(V) compounds in the system M10-M20-V,0s—H,0 (M1 = Sr, Cd, Ba; M2 = Mg,
Mn, Fe, Co, Ni, Cu, Zn) has yielded a big number of new M 12+—(H), M22+—(H) and M1-
M2—(H) vanadates [1-3 and references therein] that were characterized structurally, and, in
part, by spectroscopic techniques.

The two Cd vanadate compounds, Cds(VO,)(OH), (1) and CdV;0; (2) were
synthesized under hydrothermal conditions and their crystal structures were determined by
single-crystal X-ray diffraction. 1 represents previously unknown structure type and besides
Cd(VO3),(H,0), is the second compound synthesized in the CdO—V,0s—H,0, system. Its
room-temperature crystal structure is orthorombic (space group P2,2:2;, a =19.011(4), b =
6.0133(12), ¢ =9.5411(19) A, '=1090.7(4) A%, Z=4). In 1 there are five unique Cd sites,
each octahedrally coordinated with O/OH anions and two unique V sites, each tetrahedrally
coordinated with four O atoms. The distorted Cd(O,0H)s octahedra are arranged in clusters
parallel to the ab plane and are interconnected via VOy, tetrahedra and hydrogen bonds. The
crystal structure of compound 2 is also orthorombic, space group Pnma, with a = 10.278(2),
b =10.318(2), c = 5.2860(10) A, V' =560.57(19) A3, Z = 4. It is isotypic with the members
of the V¥ MV;0; (M = Ca, Cd, Sr) oxovanadates and their mixed systems group of
compounds [4]. The crystal structure of 2 consists of layers of VOs pyramids pointing up
and down alternately with CdO; between the layers. Raman spectra confirmed the presence
of the hydrogen bonds and isolated VO, groups in 1, whereas very strong V=0 vanadyl
stretching modes are observed at 984 cm™ in 2.
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[lpuposHu ¥ CHHTETHYKH BaHAJaTH MeTaja 4ecTo (OpPMHpPajy OKTaeAapCKo-
TeTpaelapcke MpPEXHE CTPYKType ca IOTCHIMjaHO 3aHMMJBUBHM (U3UYKO-XEMH])CKUM
ocoOMHama (JOHCKM TPOBOIHUWIIM, JOHCKM H3MEHHBAuM, Karanu3aTopud wuta.). Ocum
BUCOKO-TEMIIEPaTypHUX peakKliija y YBPCTOM CTamy, XHJIPOTEepMaliHa CHHTE3a Ce MoKa3aia
Kao yCIIEIIHa METO/a 3a CUHTEe3y HOBMX BaHajara [1-3 u mutupana auteparypal. Yopkoc
YUE-EHUIIM J1a j€ TEIIKO KOHTPOJIMCATH ITPOM3BOAE PeaKiyje MPH XUAPOTEPMATIHO] CHHTE3H,
HBOME CE MIAK YeCTO J00Mjajy KBaJUTETHH MOHOKDHCTAIH. Y TOKY KPHCTAJIOXEMH]jCKUX
UCTIHTUBAamka CyIricTanmy u3 cucrema M10-M20-V,0s—H,0 (M1 = Sr, Cd, Ba; M2 = Mg,
Mn, Fe, Co, Ni, Cu, Zn), 1o6ujena je nexomuimaa HoBux M1*'—(H), M2*"~(H) u M1-M2—
(H) Banamara [1-3 u umTHpana muTeparypal, KOju Cy HCIUTAaHH y3 TOMoOh peHITreHCKe
Iudpaknuje, 1 IeTUMUYHO KOPUIThemheM CIeKTPOCKOIICKUX METO/A.

JBa HoBa kagmujym Bananara, Cds(VOy4),(OH)4 (1) u CdV;0, (2) cunterucana cy
XHAPOTEPMATHOM METOJOM, a HHXOBE KPHUCTAJHE CTPYKType pelleHe Cy KopuinhemeMm
nojiataka OOHMjeHUX PEHAreHCKOM JudpakuujoM Ha MOHOKpHcTany. 1 mpeicraBiba HOBU
tin cTpykrype u 3ajento ca Cd(VOs),(H,0), je npyra cuntetncana cymncrania y CdO—
V,05-H,0 cucremy. Kpucranume pombuuso (npoctopha rpyna P2,2,2;, a = 19,011(4), b
= 6,0133(12), ¢ = 9,5411(19)A, ¥ = 1090,7(4) A3, Z = 4). Kpucranna crpykrypa 1
n3rpahena je on mer HezaBucHuXx Cd(O,0H)s oxTaeapa u nBa HezaBucHa VO, Terpaenpa.
Hedopmucann Cd(O,0H)s okreanpu cy rpynucanu napajieiaHo ab paBuu, U MelycoOHO cy
noe3anu npeko VO, TeTpaenapa n BogoHHYHMX Be3a. CyrcraHia 2 takohe KpucTaiuiie
pom6uano, Pnma, ca a = 10,278(2), b = 10,318(2), ¢ = 5,2860(10) A, V = 560,57(19) A3, Z
= 4. MizocTpyKTypHa je okcoBananaTuma MV;0; (y kojuma je M = Ca, Cd, Sr, a V*") okco-
Banzara [4]. Kpucranna crpykrypa 2 usrpahena je ox ciojeBa VOs mupaMuia ca BpXOBUMa
YCMEpeHHM HaW3MEHHYHO HaBume n HaHmwke, a CdO,; monuenpu ce Hamaze mu3Mely THX
ciojeBa. PamaHCKM crekpH yKasyjy Ha NMPHCYCTBO BOJZOHMYHHX Be3a M M30J0BaHUX VO
rpyna y cynacraHuu 1, 1ok je y 2 mortBpheHo mpucyctBo Beoma jake V=0 BaHamui
nctexyhe Bubpammje va 984 cm™.
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Molecular inclusion complex of piroxicam with 2-hydroxypropyl-p-cyclodextrin by
coprecipitation method in the solid state at molar ratio of 1:1 was prepared. Structural
characterization of the piroxicam:2-hydroxypropyl-B-cyclodextrin molecular inclusion
complex, corresponding physical mixture, piroxicam and 2-hydroxypropyl-p-cyclodextrin
was determined by method of X-ray diffraction (XRD), proton nuclear magnetic resonance
("H NMR) and Fourier transform infrared spectroscopy (FTIR). The absences of
characteristic peaks of piroxicam in the diffractogram and in the FTIR spectra of the
complex indicate the formation of supramolecular structure by the type of inclusion. The
biggest shifts in the 1H MNR spectra of the inclusion complex shows protons H; and Hg
glucopyranose units of 2-hydroxypropyl-p-cyclodextrin, which participated in forming of
the non-covalent bonds. Piroxicam is a photosensitive molecule and is transforming under
the light influence [1-3]. Photostability of piroxicam in pure form and in the inclusion
complex was monitored using FTIR method. About five times higher stability of piroxicam
in the daylight was achieved in the inclusion complex.
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Molekulski inkluzioni kompleks piroksikama sa 2-hidroksipropil-p-ciklodekstrinom,
pripremljen je metodom koprecipitacije u ¢vrstom stanju pri molskom odnosu reaktanata
1:1. Strukturna karakterizacija molekulskog inkluzionog kompleksa piroksikam:2-
hidroksipropil-B-ciklodekstrinom, odgovaraju¢e fizicke smeSe, piroksikama 1 2-
hidroksipropil-p-ciklodekstrina odredena je metodom difrakcije rendgenskih zraka (XRD),
protonskom nuklearnom magnetnom rezonancom (‘H NMR) i infracrvenom
spektroskopijom sa furijeovom transformacijom (FTIR). Odsustvo karakteristi¢nih pikova
piroksikama u difraktogramu i FTIR spektru kompleksa ukazuje na formiranje
supramolekulske strukture po tipu inkluzije. Da je doslo do formiranja inkluzionog
kompleksa ukazuje i '"H NMR analiza. Najveéa pomeranja u '"H MNR spektru kompleksa
pokazuju H; i Hg protoni glukopiranoznih jedinica 2-hidroksipropil-p-ciklodekstrina koji su
ucestvovali u formiranju nekovalentnih veza. Piroksikam je fotoosetljiv molekul i pod
uticajem svetlosti se transformiSe [1-3]. FTIR metodom praéena je fotostabilnost
piroksikama u Cistom stanju i u inkluzionom kompleksu. U kompleksu je postignuta oko
pet puta veca stabilnost piroksikama na dnevnoj svetlosti.

Rad je deo istrazivanja u okviru projekata MNTR TR-34012 i OI-172065 koje
finansira Ministarstvo prosvete, nauke i tehnoloskog razvoja Republike Srbije.

[1] P. O. Osadebe, L. E. Onugwu, A. A. Attama, Scientific Research and Essay, 3 (3)
(2008) 86-93.

[2] X. Zhang, D. Wu, J. Lai, Y. Lu, Z. Yin, W. Wu, Journal of Pharmaceutical Sciences,
98 (2009) 665-675.

[3] B. D. Glass, M. E. Brown, S. Daya, M. S. Worthington, P. Drummond, E. Antunes, M.
Lebete, S. Anoopkumar-Dukie, D. Maharaj, International Journal of Photoenergy, 3
(2001) 205-211.
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TUBE FOR OBTAINING CRYSTALS
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In a previous paper [1] we have described a model of air-cooled tube in a
laboratory chamber furnace ("crystallization shelf") for regulating the crystallization fronts
and rates in columns of crucibles. Here we have presented the development and
improvement of the interior of air-cooled tube (Fig.l), and a numerical study of
crystallization parameters. The improved cooler is simpler to build and handle, and enables
regulation of different paths and rates of airstream, i.e. the crystallization rates, and also
different number of crucibles, i.e. crystallization tests. When airflow is introduced through
the tube, crystallization starts on the surface of the melts for the lower row, and at the
bottom of the melts for the upper row of crucibles (Fig. 3.1.-13 of [2]; Fig. 3.1-15. of [3]).
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Figure 1. Air-cooled tube (modular “crystallization horseshoe-comb”) in a laboratory
chamber furnace. (1) laboratory chamber furnace, (2) part (fragment) of tube in the shape of
letter “U” in a horizontal plane (“horseshoe”), (3) columns of modular and movable
cylinders (crystallization “key’’), (4) movable rings, (5) column of crucibles and (6)
crystallization plugs (“cold comb”).

Cylinders and plugs of various numbers, shapes and dimensions can be mounted,
and thus simultaneously tested. By varying the internal and external shape and dimensions
of the cooler, a set of "crystallization horseshoes-combs” can be modeled for tests over a
wider range of crystallization parameters. The cooler can be installed in a crucible furnace
(“crystallization earrings”), or modified into a rectilinear shape and installed in a tube
furnace in a horizontal position (“crystallization bench”).

[1] B. Cabric, N. Danilovic, A. Janicijevic, Am. Lab., 43, No. 7 (2011) 18-19.
[2] K.-Th. Wilke and J. Bohm, Kristallziichtung , Verlag Harri Deutch, Frankfurt, 1988.
[3]1 K.-T. Vilke, Virashchivanie kristallov, Nedra, Leningrad, 1977. (in Russian).
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CEV ZA DOBIJANJE KRISTALA
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“Faculty of Sciences, PO Box 60, 34001 Kragujevac, Serbia; "Faculty of Technology and
Metalurgy, PO Box 494, 11001 Belgrade, Serbia.
e-mail: nebojsadanilovic0l@gmail.com

U prethodnom radu [1] opisali smo model vazdusno hladene cevi u laboratorijskoj
komornoj pe¢i ("kristalizaciona polica") za regulisanje frontova i brzina kristalizacije u
kolonama tiglova. Ovde smo prikazali razvoj i poboljSanje unutrasnjosti vazdusno hladene
cevi (SL1), i proratun parametara kristalizacije. PoboljSan hladnjak je jednostavniji za
izgradnju i rukovanje, i omogucava regulaciju razlicitih putanja i brzina vazdusne struje,
t.j. brzina kristalizacije, i razli¢it broj tiglova, t.j. kristalizacionih testova. Kada se kroz cev
pusti vazdus$na struja, kristalizacija poCinje od povrSine rastopa za donji niz, i na dnu
rastopa za gornji niz tiglova (Fig. 3.1.-13 of [2]; Fig. 3.1-15. of [3]).
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Slika 1. Vazdusno hladena cev (modularna “kristalizaciona potkovica-Cesalj”) u
laboratorijskoj komornoj peci. (1) laboratorijska komorna pe¢, (2) deo (fragment) cevi u
obliku slova “U” u horizontalnoj ravni (“potkovica”), (3) kolona modularnih i pokretnih

cilindara (kristalizacioni “ klju¢’’), (4) pokretni prstenovi, (5) kolona tiglova, i (6)
kristalizacioni utikaéi (“hladan ¢esalj”).

Cilindri 1 utikaci razli¢itog broja, oblika i dimenzija mogu se montirati, i tako
simultano testirati. Variranjem unutrasnjeg i spoljasnjeg oblika i dimenzija hladnjaka, moze
se modelovati garnitura "kristalizacionih potkovica-Cesljeva” za testiranje Sireg opsega
parametara kristalizacije. Hladnjak se moze instalirati u tigl peéi (“kristalizacione
minduse”), ili modifikovati u pravolinijski oblik i instalirati u cilindricnoj peéi u
horizontalnom polozaju (“kristalizaciona klupa”).

[1] B. Cabric, N. Danilovic, A. Janicijevic, Am. Lab., 43, No. 7 (2011) 18-19.
[2] K.-Th. Wilke and J. Bohm, Kristallziichtung , Verlag Harri Deutch, Frankfurt, 1988.
[3]1 K.-T. Vilke, Virashchivanie kristallov, Nedra, Leningrad, 1977. (in Russian).
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STRUCTURE OF 5-(4-METOXHYPHENYLAZO)-3-CYANO-6-
HYDROXY-4-METHYL-2-PYRIDONE IN SOLID STATE AND
SOLUTION

J. Mirkovié, N. TriSovié, J. Rogan, D. Poleti, G. Us¢umli¢, D. Mijin

Faculty of Technology and Metallurgy, University of Belgrade, Karnegijeva 4, 11000
Belgrade, Serbia.
e-mail: jmirkovic@tmf.bg.ac.rs

Disperse monoazo dyes having pyridones as the coupling component exhibit azo-
hydrazone tautomerism [1,2]. Because tautomers have different physico-chemical
properties and technical performances, the tautomerism of the title dye has been studied in
both solid state and solution. The investigated dye crystallizes in hydrazone form (Figs. 1
and 2) and its crystal structure has been revealed by X-ray analysis. The solvent effects on
the position of azo-hydrazone equilibrium have been further analyzed on the basis of UV-
Vis spectroscopy.
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Figure 1. Azo—hydrazone tautomerism of the investigated dye
In the solid state, molecules are hold together by van der Waals forces making zigzag
pseudo-chains along b-axis. The pseudo-chains are mutually strength by z-7 interactions
(Cg—Cg distance about 3.8 A) between phenyl and pyridone rings from adjacent pseudo-
chains. According to the observed hydrazone form of the title dye, an intramolecular
N-H:--O hydrogen bond of 1.82(4) A is noticed.

Crystal data: C16H16N403, Mr =3 1233,
orthorhombic, space group P2,2,2,,
a="7.5800(8), b=10.1990(8), c=19.7530(18) A,
V=1527.1(2) A%, Z=4, F(000) =656,
px=1.359 gem™, u(CuKo)= 0.800 mm'. The
refinement on F? (212 parameters) yielded
R =0.0558, wR, =10.1309, S = 1.044 for all data,
and R, =0.0464 for 2511 observed reflections
with 1 > 26([).

Figure 2. Molecular structure

[17 Q. Peng, M.Li, K. Gao, L. Cheng, Dyes and Pigments, 18 (1992) 271-286.
[2] W. Huang, Dyes and Pigments, 79 (2008) 69-75.
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STRUKTURA 5-(4-METOKSIFENILAZO)-3-CIJANO-6-HIDROKSI-
-4-METIL-2-PIRIDONA U CVRSTOM STANJU I RASTVORIMA

J. Mirkovié, N. TriSovi¢, J. Rogan, D. Poleti, G. Us¢umli¢, D. Mijin

Tehnolosko—metalurski fakultet, Univerzitet u Beogradu, Karnegijeva 4, 11000 Beograd,
Srbija.
e-mail: jmirkovic@tmf.bg.ac.rs

Azo-hidrazon tautomerija je karakteristi¢na za azo boje koje sadrze OH ili NHR grupu
koja je konjugovana sa azo grupom [1,2]. Posto tautomeri imaju razlicita fizicko—hemijska 1
tehni¢ka svojstva, izuavana je tautomerija 5-(4-metoksifenilazo)-3-cijano-6-hidroksi-4-
metil-2-piridona u ¢vrstom stanju i u rastvorima (slika 1). Boja kristali§e u hidrazonskom
obliku, a kristalna struktura je odredena na osnovu rendgenske strukturne analize. Uticaj
rastvaraca na polozaj tautomerne ravnoteze u rastvorima boje analiziran je primenom
UV-Vis spektroskopije.
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Slika 1. Azo-hidrazon tautomerija ispitivanog jedinjenja

U ¢vrstom stanju, molekuli su povezani van der Valsovim silama gradeci cik-cak
pseudolance duz b-ose (slika 2). Pseudolanci su medusobno ojadani z-7 interakcijama
(Cg—Cg rastojanje iznosi oko 3,8 A) koje nastaju izmedu fenil- i piridonskih prstenova
susednih pseudolanaca. S obzirom na hidrazonski oblik boje, uocena je intramolekulska

vodoni¢na N-H--O
veza duzine

L N S LR@A

Slika 2. Pseudolanci duz b-ose

Kristalografski podaci: CigHgN4O3, M, = 312,33, rombi¢ni sistem, P2,2,2;, a=7,5800(8),
b=10,1990(8), c=19,7530(18) A, V'=1527,1(2) A®, Z=4, F(000)=656, p,= 1,359 gcm,
u(CuKa)=0,800 mm'. Uta¢njavanje sa F°> (212 parametara) dalo je R, =0,0558,
wR, = 10,1309, S = 1,044 za sve podatke, i R = 0,0464 za 2511 refleksija sa [ > 2o([).

[1] Q. Peng, M.Li, K. Gao, L. Cheng, Dyes and Pigments, 18 (1992) 271-286.
[2] W. Huang, Dyes and Pigments, 79 (2008), str. 69-75.
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TSUMCORITE - LIKE STRUCTURE OF ARSENATE
BaMgz(AsO4)2(H20)2
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The new compound BaMg;(AsQOy),(H,0), was synthesized under hydrothermal
conditions from a mixture of Ba(OH),-8H,0, Mg(OH),, 3As,05-5H,0 and distilled water.
Its crystal structure was solved using single-crystal X-ray diffraction data (CCD detector,
MoKa radiation, 293 K, 6,,.x = 28.28 °). The refinement on F % with 47 parameters and 550
unique reflections yielded R, = 0.0238, wR, = 0.0598, and R; = 0.0231 for 532 observed
reflections with I > 26(). Crystal data: a = 9.3540(19), b = 6.2190(12), ¢ = 7.2560(15) A,
=103.20(3), ¥ =410.9(1) A°, Zz=2.

BaMg,(AsOy),(H,0), crystallizes in the monoclinic space group C2/m. It
represents the first Ba member of the tsumcorite group (compounds with the general
formula M1%"(M2*""),(X0,),(H,0,0H),; M1 = Na, Ca, Sr, Pb, Bi; M2 = Al, Mn’", Fe™’,
Co, Ni, Cu, Zn; and X =P, S, V, As, Se [1]. Its crystal structure belongs to the parental
(tsumcurite) structure type of the tsumcorite group (C2/m, Z = 2), defined by Tillmanns and
Gebert [2]. In this structure type, H3;O, groups are formed, which involve a symmetry
restricted hydrogen bond. Three different unit cells with lower symmetry are known so far
[1].

The structure of BaMg,;(AsO,),(H,0), consists of [Mg(AsO,)(H,O)]™ layers
parallel to the ab-plane, which are formed by the MgOg¢ octahedra and AsO, tetrahedra via
shared edges and corners. Between these layers are situated Ba atoms. The Ba atom is
coordinated with eight oxygen atoms with an average Ba—O bond length 2.848(3) A.
There are six shorter Ba—O bonds of 2.750(2) (x4) and 2.844(4) (x2) and two longer
bonds of 3.048(3) A. The coordination polyhedron is dicapped octahedron. The MgQOs
octahedra are slightly deformed with the average Mg—O distance of 2.079(2) A, which is
in agreement with the value of 2.07 calculated from the sum of effective ionic radii [2]. The
individual As—O bond lengths vary from 1.651(3) to 1.706(3) A.

In the title compound the two hydrogen bonds are of different lengths: O1—
H1--03 is 2.880 and O1—H2--04 is 2.548 A.

The authors gratefully acknowledge financial support by the Austrian Science
Foundation (FWF) (Grant V203-N19) and the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Grant 11145007).

[1] Mihajlovi¢, T. and Effenberger, H. Min. Mag., 68, (2004) 757-767.
[2] Tillmanns, E. and Gebert, W. Acta Cryst., B29, (1973) 2789-2794.
[3] Shannon, R. D. Acta Cryst., A32, (1976) 751-767.
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CTPYKTYPA APCEHATA BaMg»(AsOy4):(H,0), CIMYHA
CTPYKTYPU MUHEPAJIA HYMKOPUTA
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Hogo jenumeme, BaMgy(AsOy),(H,0),, 100HjeHO je XHUIpOoTepMaTHOM CHHTE30M
u3 cmeme Ba(OH),8H,O, Mg(OH),, 3As,055H,O u mectwioBane Boje. Kpucramna
CTpyKTypa onpeheHa je MeTojoM peHAreHcke audpakiuje Ha MoHokpucrany (CCD
nerektop, MoKa 3pauemne, 293 K, O = 28,28 ©). YraumaBamem 47 mapamerapa qo0ujeHe
cy caenehe Bpemnoctu R — dakropa: R; = 0,0238, wR, = 0,0598 3a cBux 550 peduekcuja u
R, =0,0231 3a 532 pednekcuje ca 1> 20(l). Kpucmanoepagcku nodayu: a = 9,3540(19), b
=6,2190(12), ¢ = 7,2560(15) A, f=103,20(3), V=410,9(1) A’>, Z=2.

BaMg,(As04),(H,0), kpucranwiie y MOHOKIMHHUYHO] TIPOCTOPHOj] Tpymu C2/m.
IIpencraBpa TpBO jemumeme ca O0apHjyMOM y TPYIH LIyMKOpPHUTa (jeIUE-CHa OIIIITE
dopmymne M1* (M2*"),(X0,),(H,0,0H),; M1 = Na, Ca, Sr, Pb, Bi; M2 = Al, Mn®", Fe*’,
Co,Ni, Cu, Zn; u X=P, S, V, As, Se [1]. CtpykTypa jenumemna je TUIICKa CTPYKTypa rpyre
uymkopura (C2/m, Z = 2) xojy cy npsu oxpeawian Tunmanc u ['ebepr [2]. Y oBom
CTpyKTypHOM Ty (Gopmupajy ce H;O, rpymne m cumerpujoM jaedHHUCAHE BOIOHHYHE
Bese. Jlo caza cy rmo3HaTe TpH paznuuuTe jequHuuHe henuje Huke cumerpuje [1].

Crpykrypa BaMg,(AsO,4),(H,0), ce cactoju ox [Mg(AsO4)(H,0)]” cnojeBa koje
¢dopmupajy MgOg oxtaeapu n AsO4 TeTpaenpu HPEKO 3ajelHMYKUX WBHLA M POTJbeBa.
CrojeBu cy napanennu ab-paBHu. M3melly ciojeBa Hanmase ce aromu Oapujyma Koju Cy
KOOPJMHHUCAHH ca 0caM KHCEOHHKa cpelmer Meljyaromckor pacrojama Ba—O on 2,848(3)
A. Tlocroju mect kpahux Ba—O Be3a o1 2,750(2) (x4) u 2,844(4) (x2) u 1Be qyxKe Be3e O
3,048(3) A. Koopiaumaumonn monuenap je ABOCTPYKO KpyHHCAHM okTaemap. OKTaeapu
MgOjy cy 6maro medopMucany ca npocedHuM pactojameM Mg—O ox 2,079(2) A mrro je y
carimacHocTd ca BpemHomhy 2,07 koja je m3padyHaTa W3 cyMe €(QEKTHBHHX jOHCKHX
panujyca [3]. Ilojenunaune nyxune As—O Besa Bapupajy on 1,651(3) 1o 1,706(3) A.

VY 0BOM jenumemy IOCTOje ABE BOJOHMYHE Be3e KOje Cy PaslIUYUTHX Iy)KUHA!
O1—H1--03 je 2,880 u O1—H2---04 je 2,548 A.

Aymopu ce 3axsanmyjy Aycmpujcrkoj nayunoj gonoayuju (FWF) (V203-N19) u
Munucmapcemey npocseme, nayke u mexuoaowikoz paseoja Bnade Penybnuxe Cpouje
(11145007) 3a ¢unancujcky noopuixy.

[1] Mihajlovi¢, T. and Effenberger, H. Min. Mag., 68, (2004) 757-767.
[2] Tillmanns, E. and Gebert, W. Acta Cryst., B29, (1973) 2789-2794.
[3] Shannon, R. D. Acta Cryst., A32, (1976) 751-767.
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SYNTHESIS AND CRYSTAL STRUCTURE OF meso-1,2-
-DIPHENYL-ETHYLENEDIAMINE-N,N'-DI-3-PROPANOATE-
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K,[PdCl,] (0.200 g, 0.613 mmol) was dissolved in 10.0 mL of water on a steam
bath and meso-1,2-diphenyl-ethylenediamine-N,N'-di-3-propanoic acid  dihydrohloride
monohydrate, H,-1,2-dpheddp-2HCI-H,0, (0.2742 g, 0.613 mmol) was added. The mixture
was stirred for 2 h and during this period water solution of LiOH (0.059 g,
2.452 mmol in 10.0 mL of water) was introduced. The complex [Pd(dpheddp)], as yellow
precipitate, was filtered, washed with cold water and air-dried. Yield: 0.25 g (79.11%).
Anal. Calc. for [Pd(dpheddp)] = C0HsN,O,Pd (M, = 514.864) (%): C, 46.65; H, 5.48; N,
5.44. Found: C, 46.64; H, 5.87; N, 5.31. The crystal suitable for X-ray measurements was
obtained from system DMSO-water.

Crystallographic data: empirical formula CyH,sN,O,Pd, M, = 514.86,
orthorhombic, space group Pna2;, a = 20.8248(5), b = 8.9226(2), ¢ = 11.2833(2) A,
V=2096.57(8) A>, Z=4, p, = 1.631 g cm™, = 7.534 mm". Crystal structure was solved
by heavy atom method using SHELXS and refined on F”using SHELXL: R, = 0.0281, wR,
= 0.0679, § = 1.055 for 295 parameters and 2791 independent reflections with
1>2a(]).
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K,[PdCl4] (0,200 g, 0,613 mmol) je rastvoren u 10,0 mL vode i ovom rastvoru je
dodata ekvimolarna koli¢ina mezo-1,2-difenil-etilendiamin-N, N'-di-3-propanske kiseline
dihidrohlorida monohidrata, H,-1,2-dpheddp-2HCI-H,0, (0,2742 g, 0,613 mmol). Rastvor
se mesSa 2 sata uz postepeno dodavanje vodenog rastvora litijum-hidroksida (0,059 g,
2,452 mmol u 10,0 mL vode). Kompleks [Pd(dpheddp)], dobijen kao Zut talog je filtriran,
ispran hladnom vodom i suSen na vazduhu. Prinos: 0,25 g (79,11%). Anal. izraC. za
[Pd(dpheddp)] = C,0H2sN,04Pd (M, = 514,864) (%): C, 46,65; H, 5,48; N, 5,44. Nadeno: C,
46,64; H, 5,87; N, 5,31. Kristal pogodan za rendgensku strukturnu analizu dobijen je
kristalizacijom iz sistema DMSO-voda.

Kristalografski podaci: Empirijska formula C,HsN,O,Pd, M, = 514,86,
ortorombiéni, prostorna grupa Pna2,, a = 20,8248(5), b = 8,9226(2), ¢ = 11,2833(2) A,
V' =12096,57(8) A3, Z=4,p,=1,631 g cm‘3, w="1534 mm’'. Kristalna struktura je reSena
metodom te§kog atoma primenom SHELXS i utatnjena sa F° primenom SHELXL:
R, = 0,0281, wR, = 0,0679, S = 1,055 za 295 parametara i 2791 nezavisnih refleksija sa
1>20(1).

Autori se zahvaljuju Ministarstvu prosvete, nauke i tehnoloskog razvoja Republike
Srbije, projekti 172016, 172035 i 172034.
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We report here an optimized virtual screening protocol which can select steroid compounds
with anti-tumor properties from a diverse library. Given a set of protein crystal structure
“receptors” of steroid binding proteins, and a library of steroid derivative “ligands”, this
protocol can successfully identify molecular targets for specific steroidal compounds.
Results have been validated with experimental screens for biological activity. The protocol
consists of ligand-based reverse screening, which ranks similarities between compounds in
the library and ligands in the protein data bank (PDB), coupled with molecular docking
against targets of steroid-based drugs. Protein targets were chosen according to the
following criteria: 1) an X-ray crystal structure is available in complex with a steroidal
drug; and 2) the protein is a target of clinically-approved steroidal anti-cancer drugs used in
the treatment of hormone-dependent breast or prostate cancer. To reduce bias, docking was
conducted using randomized starting ligand coordinates and the entire protein as search
space. High-throughput molecular docking was conducted remotely at the National
Biomedical Computational Resource. Molecular docking was performed for each
synthesized compound in the library against X-ray crystal structures of human CYP17A1
(17a-hydroxylase/ C17,20-lyase), CYP19A1 (aromatase), estrogen receptor (ERa) and
androgen receptor (AR). Receptors were prepared from X-ray crystal structures of ERa and
AR in complex with anti-cancer drugs, and crystal structures of the cytochrome P450
enzymes, aromatase(CYP19A1) and 17,20 lyase (CYP17A1) in complex with U.S. FDA
approved steroidal anti-tumor drugs, Exemestane and Abiraterone, respectively. A library
of steroidal ligand structures was then created using X-ray crystal structures of steroidal
derivatives. Using this protocol, we identified D-homo fused steroidal tetrazoles which bind
specifically to estrogen receptor oo (ERa), and possess anti-tumor activity against breast
cancer cells [1]. Similarly, we identified 17-picolinylidene androstanes with anti-tumor
activity against prostate cancer and specific affinity for 17a-hydroxylase (CYP17A1).
Based on the significant correlation between predicted binding affinities, observed anti-
tumor activities and/or in vitro enzyme inhibition assays, our method appears capable of
selecting lead steroid compounds from a diverse library. Comparisons with X-ray crystal
structure data for ERa and CYP17A1 in complex with chemotherapeutic drugs suggest
mechanisms of inhibition and will be used to guide future syntheses.

*Supported by Ministry of Education and Science, Republic of Serbia (Project ON172021)

[1] Penov-Gasi, K. M. et al., Steroids (2007) 72, 31.; [2] DeVore et al., Nature (2012).; [3] Gosh et
al., J. Med. Chem. (2012) Oct 11;55(19):8464-76.
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VY pany je mpuka3aHa ONTHMH3AIHja BUPTYEITHOT CKPHUHHUHT MPOTOKOJAa KOju omoryhasa
nperyie OMOMMOTEKa CTEPOMAHUX jeNU-eHha W ONadHp jeInmema Koja IMOCeNyjy aHTH-
TYMOpCKY akTHBHOCT. Ca JaTHM CETOM pELIEHHX CTPYKTypa HpOTEHHA KOjU BeE3Yjy
crepouze - ‘“perentopuma’, M OHMOIMOTEKOM CTEPOMIHHMX JepWBaTa - ‘“JTUTaHauMa’”,
IPOTOKOJN YCHENIHO HISHTH(DUKYje MOJEKyJIapHe MeTe CIeHU(PHUYHHX CTEPOHIHUX
jenumema. Pesynratm cy mnortBpheHm excnepumeHtanHo. I[Iportokon ce cacroju of
PEBEP3HOT CKPUHUHIA 3aCHOBAHOT HAa OCOOMHAMA JIMTaHa, KOjU TPaXH CIAMYHOCTH u3Melhy
jeaumema u3 OMOIMOTEeKe U JMranaa koju ce Hanase y [1/1b-y, 1 MosekynapHOr JOKUHTa
JWraHaa ca IpoTeMHHMa Koju Be3yjy crepoune. IlporenHe, peuentope y MoOJIEKyJIapHOM
JOKUHTY, OMpamMo 1O KpHUTepHjymMHuMa: 1) KpHCTajHa CTPYKTypa NpPOTEHHA je pelieHa U y
KOMIUIEKCY Ca CTEPOMJOM; M 2) NMPOTEHH je MeTa CTEpOUAHHUX JIEKOBA Yy TpeTMaHHUMa
KaHIepa Jojke u npocrare. [loyeTHe KOoopaMHATE JMTaHAa ce HACYMHUYHO OHMpajy, a Kao
MPOCTOp 3a MpeTpary KOPUCTH C€ IIela IMOBPIIMHA MpoTenHa. MoneKyJapHH JOKHUHT
ypaljeH je 3a cBa CHHTETHCAHA jeANHCHA, KOPUIINEHEM KPUCTATHUX CTPYKTYpa XyMaHOT
CYP17A1 (17a-xunpoxcnnaza/C17,20-nmujaza), CYP19A1 (apomarasa), ecrporeHor
peuentopa (ERa) m anmporenor peuenropa (AR). Monenu creponaHux peuenropa cy
Jo0MjeHH W3 pelIeHuX KpuctanHux crpykrypa ERa m AR y xommuekcy ca aHTtm-
TymopckuM JekoBuMa Tamoxifen u Cyproterone, a momenu nutoxpom P450 enszmma,
apomaraze (CYP19A1) u 17,20 mujaze (CYP17Al) U3 KpHUCTATHHUX CTPYKTypa OBHX
MPOTEeNHA Y KOMITJIEKCY ca CTepOHIHIM JekoBuMa Exemestane m Abiraterone. bubmmorexa
CTPYKTypa CTEpOMIOHMX JIMIaHala KpeupaHa je KopuinhemeM IomaTtaka IOOHjeHHX
PEHATeHCKOM CTPYKTypHOM aHanu3oM. OBaj mpoTokos omoryhuo je wuaeHTudukaunujy
CTEPOMIHHMX TeTpazosia Koju crenupuuHo Besyjy ERo, u mocenmyjy aHTH-TyMOpCKY
akTHBHOCT y henujama kanuepa nojke. MnentuduxoBamu cMo U 17-NUKOIMHUIUICHCKA
JIepyBaT aHApPOCTaHa ca aHTH-TYMOPCKOM akTuBHomhy y henujama kaHuepa mpocraTte u
cnenupuaaom aktuHOImhYy 3a CYP17A1. O03upoMm Ha 3HayajHy Kopenanujy usmelhy
npeaBuljeHnx aduHHMTETa BE3UBaMka, AHTH-TYMOPCKE AaKTHBHOCTH W/WIM in  Vitro
MHXHOHMIMje eH3UMa 3aKJbydyjeMO Ja MeToj oMoryhaBa oa0up HajaKTUBHUjUX jeHHCHA
n3 6ubmmoteke. Ilopeheme kpucranmnux crpykrypa ERo u CYP17A1 y kommiekcy ca
xeMoTepaneyTanrma Ouhe yrmorpedpeHO Kao BOAWY 3a CHHTE3Y Oyayhux jennmema.

* 3axeamyjemo ce Munucmapcmay npoceeme i nauke Penybnuxe Cpbuje (npojexam ON172021)
[1] Penov-Gasi, K. M. et al., Steroids (2007) 72, 31.; [2] DeVore et al., Nature (2012).; [3] Gosh et al., J. Med.
Chem. (2012) Oct 11;55(19):8464-76.
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Copper(Il) complexes with multidentate hydrazone ligands have been intensively
investigated because of their potential application as magnetic materials [1]. With the ligand
methyl (E)-[N-(1-pyridine-2-yl-ethylidene)hydrazino]acetate (aphaOMe, Fig. la) two
copper(I) complexes (1 and 2, Fig. 1b). were obtained from the same reaction mixture.

Crystal structure of the complexes was determined using single-crystal X-ray diffraction

analysis. The ligand was coordinated via hydrazone and pyridine nitrogen atoms, similarly

to previously obtained copper(Il) complexes with structural analogues of aphaOMe (Fig.
1a). Geometry of the complexes is affected by additional intermolecular interactions which
are realized through chlorine ligands. In the crystal structure of 1 the weak coordinative
interaction involves copper(Il) and chlorine atom from a neighboring complex unit giving a
rise to a dimer, while in 2 dimerization via two unsymmetrical chlorine bridges occurs.
Magnetic properties and results of a comparative analysis for copper(Il) complexes with
structurally similar N-heteroaromatic hydrazone ligands will be given in detail.

a) R;=Me, R, =H; aphaOMe
R,=H,R,=Me; fphaOEt
R, =R; =Me; aphaOEt

Figure 1

[11 S.S. Tandon, D.S. Bunge, J. Sanchiz, L.K. Thompson, Inorg. Chem. 51 (2012) 3270-
3282.
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Bakar(Il) kompleksi sa polidentatnim hidrazonskim ligandima intenzivno su prouc¢avani u
cilju dobijanja novih magnetnih materijala [1]. Sa metil-(E)-[N-(1-piridin-2-il-
etiliden)hidrazinoacetatom (aphaOMe, Slika la) iz iste reakcione smeSe dobijeni su
bakar(Il) kompleksi 1 i 2 (Slika 1b), ¢ija je struktura odredena difrakcijom rendgenskih
zraka sa monokristala. Koordinacija aphaOMe ostvarena je preko piridinskog i
hidrazonskog atoma azota, kao i u prethodno okarakterisanim bakar(II) kompleksima sa
strukturnim analozima aphaOMe (Slika la). Geometrije kompleksa 1 i 2 su posledica
dodatnih intermolekulskih interakcija koje se ostvaruju preko atoma hlora. U kristalnoj
strukturi 1 postoje slabe koordinativne interakcije izmedu bakra(Il) i hlora iz susedne
kompleksne jedinice, dok su u 2 kompleksne jedinice povezane preko asimetri¢nih
hloridnih mostova. Magnetna svojstva i rezultati uporedne analize kompleksa bakra(Il) sa
strukturno sliénim N-heteroaromati¢nim hidrazonskim ligandima bice detaljno prikazani.

a) R, =Me,R,=H; aphaOMe b)

R;=H,R,=Me; fphaOEt /[

R; =R, =Me; aphaOEt ‘fl
R[ /
N \ ~
H S~ 1

(0] It
Slika 1.

[2] S.S. Tandon, D.S. Bunge, J. Sanchiz, L.K. Thompson, Inorg. Chem. 51 (2012) 3270-
3282.
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Aldehyde dehydrogenases comprise a protein superfamily consisting of a variety
of fold and function related enzymes. The origins of these enzymes date back far in the
evolutionary scale and are spread in all living systems, archea, bacteria and eukarya. A
single chromosome may carry a multitude of aldehyde dehydrogenases, each specialized
for one or more substrates catalyzing the oxidation of diverse aldehydes, produced by
different metabolic pathways, to the corresponding carboxylic acids [1]. The Escherichia
coli chromosome carries 17 categorized aldehyde dehydrogenases one of them the ald4 gen
product the NAD" dependent Lactaldehyde dehydrogenase (ALDH).

Tryptophan fluorescence quenching and enzyme kinetics measurements revealed
an intriguing possibility of inhibition of ALDH by deoxycholate. The ALDH protein in
complex with deoxycholate was crystallized and a native and three datasets (peak, edge and
high remote) from KPtCl, soaked crystal were collected. The phase problem was solved by
MAD (multiple wavelength anomalous dispersion method).

The structure of ALDH in complex with deoxycholate was determined at 2.53A
and shows a characteristic fold of the aldehyde dehydrogenase structure family members
consisting out of three domains: the oligomerization, cofactor-binding and the catalytic
domain. Three deoxycholate molecules were located in the density, two of which located at
the entrance to the substrate binding site.

The determined structure revealed the bound deoxycholate close to the substrate
binding site of the enzyme, supporting our data obtained by measurements of ALDH
enzyme kinetics.

[1] Nickolas A Sophos, Vasilis Vasiliou, Chemico-Biological Interactions, Vol. 143—-144, 1
February (2003) 5-22.
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Annmexun neXuaporeHase YMHE CyneppaMminjy CTPYKTYpHO W (YHKIIMOHATHO
cponHuX npotenHa. [lopekno eH3uMa JaTupa Jaleko Y €BOJYTHBHY MPOLUIOCT T€ CTOTa M
BHUXO0BA BEJIMKA PacIpPOCTPAEHOCT y CBUM XKMBUM OpraHH3MHUMa, apxeama, OakTepHjama 1
eykaproTuma. Buine BpcTa anmexus IeXuaporeHasa, CBaka ClIedjaTn30BaHa 3a pa3IninuTe
aNIeXuae CHHTETU30BaHE U3 PA3IMYUTUX METa0OIMUKKX IyTeBa [ 1], Moxxe OMTH KOAUpaHO
U Ha jeHOM XpoMmo3oMmy. Escherichia coli xpomo3oM kojupa 17 pa3iIuuuTHX aJACXU]
nexuaporenasa, usmehy ocramor m npoaykt aldA rema - HAJ[' 3aBuCHA NaKTalIexuj
nexuaporenasa (AJI1X).

lameme ¢uyopecuennuje TpuntohaHa U Mepemha eH3UMCKE KMHETHKE peakiiyja
NOKazanu cy 3aHuMIbMBY MoryhHoct naxubunuje AJI/IX oxn crpane neokcuxomnara. AJIAX
Yy KOMIUIEKCY ca AEOKCHXOJIATOM je KPUCTAINCAaH U HATHBHH CeT AU(PAKIUOHKUX MOoJaTaKa
npukymseH. On KPtCl, nepuBaTu30BaHUX KpUCTala OBOT KOMIUIEKCA NPHKYIJBCHH Cy H
CeTOBH mozaraka 3a “peak”, “edge” m “high remote” Te je dazHm mpoOieM perieH myTemM
MAD wmetone (multiple wavelength anomalous dispersion method).

Crpykrypa komiutekca AJIJIX ca neokcuxonaroM ozpeleHa je mo pezonyuuje of
2,53 A u nokasyje MOTHB yBHjama KapakTEPMCTHYaH 3a XU JIEXUIPOTEHA3HY
¢ammnujy nporeuna. AJIJIX nporewH 4uMHEe Tpu AoMeHa: onuromepusyjyhu, xodakrop-
Bedyjyhu u karanmuruuku JomMeH. Tpu MoJekyna aeoKkcHxojiata cy JIOLHMpaHa Y
€JIGKTPOHCKO] TYCTHHH, OJ1 KOjUX Cy JiBa Hal)eHa y HEMmoCpeaHOo] OJM3MHHU yiIacka y MECTO
3a Be3uBame cyOcTpara.

OBako ojpeheHa CTpykTypa IOApKaBa Halla Mepema EH3MMCKE KHHETHKE
AJI1X-a, ykazyjyhu Ha HaUMH Ha KOjU J€OKCHXOoaT BpiK HHXUOMLMjy AJIJIX.

[1] Nickolas A Sophos, Vasilis Vasiliou, Chemico-Biological Interactions, Vol. 143—-144, 1
February (2003) 5-22.
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The results of thermal and structural investigation of some alloys in Al-Ga-Sn-Zn system
are presented in this paper. The samples from Al corner - section I with molar ratio
Zn:Sn:Ga=70:27:3 (in at%) with different aluminum molar contents, and from Zn corner -
section II with molar ratio Al:Sn:Ga=70:27:3 (in at%) with different zinc molar contents,
were examined using scanning electron microscopy with EDS and differential scanning
calorimetry in order to define their thermal and structural properties.

Keywords: thermal analysis, structural analysis, quarternary alloys, Al-Ga-Sn-Zn system
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Rezultati termijskih i strukturnih ispitivanja legura Al-Ga-Sn-Zn sistema, predstavljeni su u
ovom radu. Legure iz ugla Al — presek I sa odnosom Zn:Sn:Ga=70:27:3 (u at%) i razli¢itim
sadrzajem Al, i iz ugla Zn — presek II sa odnososm Al:Sn:Ga=70:27:3 (u at%) i razli¢itim
sadrzajem Zn, ispitivane su koriS¢enjem skenirajuée elektronske mikroskopije sa
energetskom difrakcijom X-zraka i diferencijalno skeniraju¢om kalorimetrijom u cilju
odredjivanja termijskih i strukturnih karakteristika.

Kljucne reci: Termijska analiza, strukturna analiza, cetvorokomponentni sistem, Al-Ga-Sn-
Zn sistem
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Some of the ore deposits in the vicinity of Bor contain a variety of sulfide minerals, non-
ferrous, precious and rare metals, which characterizes these ores as polymetallic. From this
type of ores often it is not possible, by procedures for the mineral raw materials preparation,
to obtain selective concentrates with satisfactory composition for subsequent metallurgical
processing.

Selective copper concentrates, in addition to the base metal, contain a number of other
metallic and non-metallic inclusions, therefore, during the base metals production, various
intermediate products are formed to be further treated for maximum utilization of all useful
metals in concentrates and reduce the negative effects of hazardous constituents to the
environment.

For this purpose, the intensive research activities are performed for the development of the
processing procedures of materials with base metals low content and higher content of
harmful impurities, while respecting the stringent environmental regulations.
This paper presents the results of physico-chemical characterization of the different copper
concentrates initial samples from ore deposits in the vicinity of Bor and the samples
characterization results after appropriate processing. Based on the results of chemical
analysis, X-ray diffraction, DTA and EDXRF analysis and constructed the PSD diagram
(phase stability diagrams), it was proposed a chemistry model for roasting of investigated
concentrates, especially in terms of present impurities behavior.

[1]N. Strbac, A. Mitovski, I. Mihajlovi¢, M. Vukovi¢, M. Soki¢, V. Andri¢, The possibility
of non-standard copper concentrate processing and environment protection, International
Scientific Conference "New strategies and technologies to protect the environment*,
Belgrade, 18-20.April, (2012), Book of abstracts, p. 97. (in Serbian)

[2] A. Mitovski, N. Strbac, I. Mihajlovi¢, V. Andri¢, M. Soki¢, Technological possibilities
for the arsenic decrease in the nonstandard copper concentrates, XL Meeting of the Serbian
Chemical Society, Belgrade, 14-15. Juni (2012), Proceedings, pp. 75-79. (in Serbian)

[3] I. Mihajlovic, N. Strbac, Dj. Nikolic, Z. Zivkovic, Potential metallurgical treatment of
copper concentrates with high arsenic contents, J. S. Afr. I. Min. Metall., 111 6 (2011),
409-41.
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Neka od rudnih leziSta u okolini Bora sadrze niz razlicitih sulfidnih minerala obojenih,
plemenitih i retkih metala, §to ove rude i karakteriSe kao polimetali¢ne. 1z ruda ovog tipa
vrlo cesto nije mogudée, postupcima pripreme mineralnih sirovina, dobiti selektivne
koncentrate zadovoljavajuceg sastava za naknadnu metalursku preradu.

Selektivni koncentrati bakra, pored osnovnog metala sadrze niz drugih metalnih i
nemetalnih primesa; stoga pri proizvodnji osnovnog metala nastaju razli¢iti meduproizvodi
koje treba dodatno tretirati radi maksimalnog moguceg iskoris¢enja svih korisnih metala
prisutnih u polimetali¢nim koncentratima, odnosno smanjenja negativnih uticaja Stetnih
primesa na zivotnu sredinu.

U tu svrhu, vrSe se intenzivna istrazivanja u cilju razvoja postupaka za preradu navedenih
sirovina sa sniZzenim sadrzajem osnovnih metala i poviSenim sadrzajem Stetnih primesa, uz
postovanje rigoroznih ekoloskih propisa.

U radu su prikazani rezultati fizicko-hemijske karakterizacije razli¢itih polaznih uzoraka
koncentrata bakra iz rudnih lezista u okolini Bora, kao i rezultati karakterizacije uzoraka
nakon odgovarajuce prerade.

Na osnovu rezultata hemijske analize, rendgeno-difrakcione, DTA i EDXRF analize i
konstruisanih PSD-dijagrama (dijagrami stabilnosti faza), predlozen je hemizam procesa
przenja ispitivanih koncentrata, posebno sa aspekta ponasanja prisutnih Stetnih primesa.

[1] N. Strbac, A. Mitovski, I. Mihajlovié, M. Vukovié, M. Soki¢, V. Andri¢, Moguénosti
prerade nestandardnih koncentrata bakra i zastita zivotne sredine, Medunarodna nauc¢na
konferencija "Nove strategije i tehnologije zastite zivotne sredine", Beograd, 18-20.April,
(2012), Knjiga apstrakata, str. 97.
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smanjenje sadrzaja arsena u nestandardnim koncentratima bakra, XL Jubilarno
Savetovanje Srpskog hemijskog drustva, Beograd, 14-15. Juni (2012), Knjiga radova, str.
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Luminescent materials have potential applications which are directed toward high-
resolution devices such as cathode ray tubes, flat panel display devices, or field emission
displays. Recently, a special attention among these materials belongs to the
Ca,RE(S104)60, oxyapatite structures (RE =Y, Gd or La), which can host various rare
earth ions [1,2]. The structural and luminescence properties of calcium yttrium silicate-
based oxyapatite, i.e. Ca,Y3(Si04)s0,, doped with 1.42 at% of Eu®" have been reported in
this work. The sample was obtained upon annealing the precipitate synthesized by urea
assisted reflux method at 80 °C for 4 h. Aqueous solutions of nitrate salts were used and the
initial pH value of the precursor was set up at 9. Very specific, shell- or rope-like
morphology was observed by scanning electron microscopy. The powder X-ray diffraction
study revealed that the investigated Ca,Y(SiO4)sO,:Eu’" system shows the characteristic
peaks of oxyapatite in a hexagonal lattice structure (space group P63/m). The average
crystallite size was found to be ~45 nm, while the average diameter of the particles
determined by means of the Brunauer-Emmett-Teller method was found to be ~55 nm. The
fluorescence spectrum of Eu3+—doped Ca,Y(Si04)60,, obtained under 476.5 nm excitation,
shows all characteristic emissions for Eu’* ions which correspond to the transition lines
Do—'F; (J =0, 1, 2, 3, 4). The emissions from higher °D; (J>O) levels are not noticed.
Analysis of the luminescence spectra have shown that Eu®" ions occupy simultaneously two
different crystallographic sites in Ca,Y(Si04)cO; host lattice: the nine-coordinate 4f sites
(with C; point symmetry) and the seven-coordinate 64 sites (with Cs point symmetry), thus
causing splitting of both *Dy—'F, and *D,—'F, emission transitions into three lines. From the
fluorescence decay profile of *Dj level, the estimated lifetime was found to be 3 ms, what is
quite high value for europium species with low nonradiative energy transfer probability.
This fact makes this material very promising from the aspect of optoelectronic applications.

[1] G. Seeta Rama Raju, Yeong Hwan Ko, E. Pavitra, Jae Su Yu, Cryst. Growth Des., 12
(2012) 960—969.
[2] M. Yu, J. Lin, Y. H. Zhou, S. B. Wang, H. J. Zhang, J. Mater. Chem., 12 (2002) 86-91.
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Potencijalna primena luminescentnih materijala usmerena je ka dizajniranju
visoko rezolucionih uredaja kao Sto su katodne cevi, ravni ekrani, ili FE (field emission)
displeji. U poslednje vreme posebnu paznju privlace materijali oksiapatitne strukture tipa
Ca,RE(S104)60,, gde je RE =Y, Gd ili La, koji sluze kao matrica u koju se ugraduju joni
retkih zemalja [1,2]. U ovom radu proucavane su strukturne i luminescentne osobine
kalcijum itrijum silikatnog oksiapatita, Ca,Y(Si04)s0,, dopiranog sa 1.42 at% jonima
erbijuma (Eu®"). Uzorak je dobijen Zarenjem taloga nastalog sintezom u refluksu u
prisustvu uree. Talog je zaren na 80 °C, 4 sata. U sintezi su koris¢eni vodeni rastvori soli
nitrata, a pocetna pH vrednost prekursora podesena je na 9. Skenirajuc¢im elektronskim
mikroskopom uocene su veoma neobi¢ne morfologije koje imaju formu $koljke ili uzadi.
Na osnovu rendgenske difrakcije na prahu ustanovljeno je da Ca,Yg(SiO4)s0,:Eu’*
kristaliSe u heksagonalnoj kristalnoj strukturi (prostorna grupa P63/m). Srednja veli¢ina
kristalita procenjena je na oko 45 nm, dok je srednji radijus Cestica, odreden pomocu
Brunauer-Emmett-Tellerove metode, oko 55 nm. Fluorescentni spektar ispitivanog
Ca,Y5(Si04)s0,:Eu’ oksiapatita, nastao pobudivanjem pomoéu zratenja talasne duzine
476.5 nm, ukazuje na prisustvo svih karakteristiénih emisija Eu’" jona koje odgovaraju
*Do—"F, prelazima (J = 0, 1, 2, 3, 4). Emisije sa viSih D, (J>0) nivoa nisu uocene. Analiza
luminescentnog spectra je pokazala da joni erbijuma istovremeno naseljavaju dva razlicita
kristalografska mesta: devetostruko koordinisana 4f mesta (tackaste simetrije C3), 1
sedmostruko koordinisana 6/ mesta (tackaste simetrije Cs), zbog ¢ega dolazi do cepanja
°Dy—F, i *Dy—'F, emisionih prelaza na tri linije. Analizom profila fluorescentnog raspada
°D, nivoa procenjeno je vreme Zivota na 3 ms, §to je priliéno velika vrednost za europijum
koji ima malu verovatnocu za neradijativan prelaz. Ova Cinjenica ukazuje da je ispitivani
materijal veoma interesantan sa stanovista primene u optoelektronici.

[1] G. Seeta Rama Raju, Yeong Hwan Ko, E. Pavitra, Jae Su Yu, Cryst. Growth Des., 12
(2012) str. 960-969

[2] M. Yu, J. Lin, Y. H. Zhou, S. B. Wang, H. J. Zhang, J. Mater. Chem., 12 (2002) str. 86—
91
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Piroxicam (Fig.1) is a nonsterodal anti-inflammatory drug of the oxicam class [1]. Known
for forming intra- and inter-molecular hydrogen bonds [2-4], the different piroxicam solid
state structures have been extensively investigated. Up to now, three polymorphs have been
crystallized and studied since the first reported in 1982 [2]. The cubic form was designated
as B3 and the needle form as a, also the third polymorph was discovered using speed cooling
method in 2003 [5]. According to the previous studies, only the cubic B form is physically
stable in solid state upon thermal and mechanical stress [6-7].

In the context of the interaction energy determination of polymorphic drug, low
temperature single crystal X-ray diffraction experiment of the § form have been performed.
Charge density analysis (Fig.2) is still in progress, in order to better understand crystal
packing in piroxicam structure.

z —n ;c\"

Fig.1 Piroxicam

Fig. 2 Static deformation density
map of the pyridine
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Piroksikam (Fig.1.) je nesteroidan protiv-upalni lek iz klase oksikama [1]. Ovo jedinjenje je
poznato po svojim intra- i intermolekulskim vodoni¢nim vezama [2-4] i viSe struktura ovog
jedinjenja u ¢vrstom stanju je podrobno ispitano. Do sada su tri polimorfa kristalisana i
okarakterisana, od kada je 1982 prvi bio kristalisan [2]. Kubna forma je oznaéena kao
forma P dok je iglicasta forma dobila oznaku a. Tre¢i polimorf je otkriven upotrebom brzog
hladenja 2003. godine [5]. Po ranijim istrazivanjima samo je kubna, § forma, stabilna cvrsta
faza i pri mehanickom ili termalnom naprezanju [6-7].

Kako bi bila odredena energija interakcije ovog polimorfnog leka, izvrSena je rentgenska
difrakcija monokristala  forme na niskim temperaturama. Analiza elektronske gustine, u
cilju boljeg razumevanja kristalnog pakovanja piroksikama u ¢vrstom stanju, je joS u toku
(Fig.2).
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Fig.1 Piroksikam Fig. 2 Mapa staticke deformacione

gustine piridina
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Noncovalent interactions have a very significant role in many processes and can be
classified in three groups: strong; intermediate (such as CH/O interactions) and weak interactions [1].
CH/O interactions are of significant importance in many systems, like biomolecules, crystals and
host-guest systems. Energies of these interactions can vary from very weak (-0.3 kcal/mol) to strong
(-4.0 kcal/mol). CH/O interactions can be even stronger than -4.0 kcal/mol but rarely [2].

The study of CH/O interactions between pyridine and water was performed by analyzing
data in the Cambridge Structural Database (CSD) involving non-coordinated monosubstituted
pyridine molecules and water and by ab initio calculations. A contact in crystal structures was
considered a hit if the distance (d) between a hydrogen atom of pyridine molecule and a water oxygen
atom was less than 2.9 A and angle o > 110°[3] (Fig. 1). We also searched for pyridine/water CH/O
interactions where pyridine nitrogen has a classical hydrogen bond.

In the CSD search 717 CH/O interactions between monosubstituted pyridine and water
molecule were found. In the crystal structures we found 561 CH/O interactions of pyridines with
hydrogen bonds and 156 interactions of pyridines without hydrogen bonds. Statistical analysis of
several geometrical parameters has been performed and showed that CH/O interactions slightly favor
geometries with oxygen atoms between adjacent C—H groups of pyridine molecule.

Ab initio calculations were preformed on pyridine/water model systems. Results showed
that the strongest interaction is bifurcated, including meta and para C—H groups of pyridine, with
energy of AEccspmyimic = -2-30 kcal/mol for pyridine/water system. The energy for pyridine/water
system with hydrogen bond was AEccsp(ryimic = -2-69 kcal/mol for the same bifurcated interaction,
including meta and para C-H groups of pyridine.

Fig. 1. The geometric parameters used for the CSD search and analysis of CH/O interactions between
water molecule and monosubstituted pyridine molecule.
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HekoBaJleHTHE HHTEpaKkLHje HMajy BEOMa BaKHY YJIOIY y MHOTHM IIpOLECMMa M MOTy Ce
KIacu(UKOBATH y TP TpyIe: jake WHTEPaKIHWje; WHTepKauuje cpeame jaunHe (kao mrto cy CH/O
uHTepaknuje) u ciaabe uutepakmuje [1]. CH/O mHTepakumje cy oX BeNUKOr 3Ha4daja y MHOTHM
CHCTEMHMa, Kao IITO Cy OMOMOJEKYJIH, KPUCTAIN U SH3UM-CYIICTPAT CUCTEMH, a SHEeprHje Bapupajy
o Beoma ciabux (-0,3 kcal/mo) no jakux (-4,0 kcal/mol). CH/O unrepakuuje Mory OuTH jaunHe U
npeko -4,0 kcal/mol, amu perko [2]. Ucnutusae CH/O uHTepakimja usmel)y nupuanHa U BOJC je
ypaheno ananusom nogataka u3 Kembpuuke 6anke kprucraigorpapcekux nogataka (CSD) koju canpixe
HEKOOPJMHOBAaHE MOJIEKYJEe MOHOCYICTUTYHCAaHMX IMPUIMHA W BOJE, Ka0 M NoMohy KBaHTHO-
MEeXaHHUYKUX TpopadyHa. KOHTaKkT y KpucTamHUM cTpyKTypama cMo cMaTpanu CH/O unTepakmmjom
YKONHKO je pactojame (d) n3mehy BOZOHHKOBOT aTOMa MOJIEKYJIa MUPUANHA i KHCEOHHKOBOT aTOMa
MojieKyna Boae Mame of 2,9A a yrao o > 110°[3] (Cmuxka 1.). IIperpara je m3Bpurena u 3a CH/O
HHTEpaKIMje NUPUIUHA ¥ BOJAE I/Ie a30TOB aTOM MOJICKYJIa NUPUIMHA I'Pajd KIaCHYHY BOJIOHHUYHY
Besy. Y nperpaszu CSD-a je mponaheno 717 nHrepakunja u3Mel)y MOHOCYIICTUTYHCAaHUX IUPUANHA U
BoJie. Y KPHCTAIHUM CTpyKTypama mnpoHaleno je 561 CH/O uHTepakiyja MHpUIMHA ca BOJOHUYHOM
Be30M M 156 mHTepakuuja nupuanHa Oe3 BojoHMYHE Bede. CTaTHUCTHYKAa aHalIW3a I'€OMETPHjCKHX
nmapamerapa IOKasaja je Ja je HajloBOJbHMja TeOMeTpHja 3a WHTEpaKkidje TakBa Ja je aToM
KuceoHnka Boze u3Mmely cycenuux C—H rpyma nupuauHa. KBaHTHO-MEXaHHUKHM NPOpPAadyHH CY
ypahenn Ha cucreMy mNHpHIAMH/BOAa. Pesyntat Cy Mokaszamd Ja je Hajjaya  MHTEpaKiuja
oudypxosana msmehy mema v napa  C-H rpyna mupuauna (AEccspyimic = -2,30 kcal/mol) 3a
cuCTeM MUPUIH/BoJa. EHepruja 3a cucTeM NUPUIMH/BOZA Ca BOJOHMYHOM Be30M je AEccsp(riimit = -
2,69 kcal/mol 3a ucry OumdyprxoBany CH/O wunrepakumjy, msmehy mema u napa C-H rpyma
MTHPU/IIHA.
?x H

Cnuxka 1. 'eomerpujcku napamerpu xopuinhenu 3a nperpary KemOpuuke 6aHke Kpuctanorpadckux
noxataka 1 ananuzy CH/O uHTepakiija MOHOCYTICTUTYHCAHUX TUPHIUHA U BOJIE.
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Interactions between aromatic molecules are of great importance in biological and chemical
recognition processes, supramolecular chemistry and crystal engineering [1]. Aromatic molecules
interact with each other in the forms of aromatic C-H/n (T-shaped)[1] and parallel alignment (P-
shaped) [2] contacts. Model-systems for studies on aromatic interactions are mostly built from
benzene molecules.

Here we present the arrangement
in the three most frequent types of benzene
trimers found in Cambridge Structural
Database (CSD). By searching CSD, it was
found that 40% of benzene trimers possess
one of the three specific geometries (A, B
and C).

By analyzing the geometrical
parameters of individual benzene-benzene
contacts, namely centroid-centroid distance
d, interplanar angle a, centroid-centroid
vertical (R) and horizontal separation (r), it
was shown that in most of the trimers all
geometrical parameters for contact 1-2 are
identical to parameters for contact 1-3. The
parameters shown indicate that in these
benzene trimers both T-shaped interactions
tend to have the same geometries. This
regularity is very high for trimers of types
A and B, and lower in trimers of type C. It
was shown that this symmetrical
arrangement in trimers enables further
aggregation of benzene molecules in
respectively similar fashion.
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Interakcije izmedu aromati¢nih molekula su od velike vaznosti u procesima bioloskog i
hemijskog prepoznavanja, u supramolekulskoj hemiji i kristal-inzenjeringu [1]. Aromati¢ni molekuli
interaguju medusobno u formi aromati¢nih C-H/x (T-oblik) [1] i paralelnih (P-oblik) [2] kontakata.
Model-sistemi koji se koriste prilikom ispitivanja aromati¢nih interakcija se najce$ce sastoje iz
molekula benzena.

U ovom radu predstavljamo uredenje u tri
najcesca tipa trimera benzena pronadena u
Kembric¢koj bazi strukturnih podataka
(CSD). Pretragom CSD utvrdeno je da 40%
trimera benzena poseduje jednu od tri
specificne geometrije (A, B i C).

Analizom geometrijskih
parametara pojedinanih benzen-benzen
kontakata, tacnije centroid-centroid

rastojanja d, ugla izmedu ravni a, kao i
vertikalnog (R) i horizontalnog pomeranja
(r) izmedu centroida, pokazano je da su u
ve¢ini ovih trimera svi geometrijski
parametri za kontakt 1-2  jednaki
parametrima za kontakt 1-3. Ovi parametri
pokazuju da u ovim trimerima benzena obe
interakcije T-oblika teze da imaju iste
geometrije. Ova pravilnost je veoma visoka
za trimere tipa A 1 B, a neSto niza za
trimere tipa C. Pokazano je da ova
simetricna  uredenost u  trimerima

; s & e . 1e 4 .e a ,. omogucava dalje agregiranje molekula
ki % 4] benzena na odgovarajuce sli¢an nadin.
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Experimentally [1,2] and computationally [3] was observed that some divalent
chalcogen atoms form noncovalent interactions with nucleophiles. Namely, in numerous
crystal structures halcogen atoms form interactions with other chalcogen species with
intermolecular distances significantly shorter than the sum of their van der Waals radii
[1,2]. Those close contacts are based on attractive forces and the strength of the interaction
increases steadily from oxygen, via sulfur to selenium and reaches its maximum of about 6
kcal/mol for tellurium [3].

The thiol side chain in cysteine (—-CH,SH) has an important structural role in many
proteins and often participates in enzymatic reactions, serving as a nucleophile. To find out
whether S'S contacts between thiol groups exist in crystal structures, we have extracted all
structures from Cambridge Structural Database (CSD), where the distance between two
sulphur atoms (d or S; 'S, distance) was less than 5.0 A. To avoid the possible CH/S and
SH/S interactions, we use the additional criterion. In the CSD search, 92 S-S contacts were
found. Statistical analysis of several geometrical parameters has been performed and
showed that most of contacts have distance d above 3.5 A, with a maximum of distribution
in the region of 3.8 to 4.2 A. Torsion angle H,-S,S,-H; is close to 180°. The distribution of
the angle between the mean plane of thiol groups (C—S—H planes) have showed that thiol
groups have a large tendency to be oriented approximately parallel.

In order to determine whether S'S contacts between two —CH,SH fragments are
attractive, and not just the consequence of packing in the crystal structures, the SS
interaction energies between two methantiole molecules were calculated, using the MP2
method and the cc-pVQZ basis set. The calculations were done on three orientations:
parallel, planar and normal. Results showed that S-S interaction with parallel orientation is
the strongest (- 1.67 kcal/mol), while the interactions with normal and planar orientation are
-0.96 and -0.43 kcal/mol, respectively.

These results show that in crystal engineering the chalcogen-chalcogen
interactions as well as the hydrogen and the van der Waals bonding, included chalcogen
atoms, play an important role.

[1] P. Basu, J. F. Stolz, M. T. Smith, Current Science, 84 (2003) 1412.
[2] R. Gleiter, D. B. Werz, B. J. Rausch, Chem. Eur. J. 9 (2003) 2676.
[3] C. Bleiholder, D. B. Werz, H. Képpel, R. Gleiter, J. Am. Chem. Soc. 128 (2006) 2666.
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I[Iprmmeheno je, kako ekcrepuMeHTanHEM [1,2], Tako m pauyHapckum [3]
METOo/laMa UCTIMTHBAKbHMA, J1a HEKH IBOBAJEHTHH XAJIKOTE€HHM aTOMHM Ipajiec HEKOBAJCHTHE
WHTEpakmuje ca Hykieopmmmma. HanMe, mocToju BeTUKH Opoj KPUCTATHUX CTPYKTypa y
KOjUMa XaJKOTeHH aTOMH OCTBapyjy MHTEpaklHje ca IPYIMM XaJKOTeHHM BpcTama, KOX
Kojux cy wmehymonekyncka pacrtojama 3HayajHo Kpaha on 30upa HBHUXOBHX BaH Jlep
BancoBux momympeuynnka [1,2]. OBH OJIMCKH KOHTAKTH C€ Ap)KE NMPHUBJIAYHAM CHJIaMa, a
jayrHa OBHX MHTEPAKIIMja Ce paBHOMEPHO 1oBehaBa 0J1 KUCEOHHKA Ka CyMITOPY U CEJICHY U
JIOCTH)KE MaKCHUMYyM OJ1 OKO 6 kcal/mol 3a Temyp [3].

Tuomuu ocrarak y uucrenny (—CH,SH) urpa BaxkHy yJory y CTPYKTYPU MHOTHX
NPOTENHA M YECTO YYECTBYje Y €H3MMCKHM peakiyjamMa y KojuMa CIIy>KH Kao HyKIeo(ui.
Ja 6ucmo ncnmranu qa i S™S KoHTakTH u3Mel)y THONHUX Tpyna MocToje Y KPUCTATHUM
CTPYKTypaMma, Npey3eln CMO cBe CTpykType u3 KemOpuuke Oanke KpucTaiorpadckux
nomataka (CSD) y kojuma cy pacrojama m3mel)y mBa atroma cymmopa (d wmm S 'S,
pactojame) mama ox 5,0 A. Jla 6ucmo wm3bernmum moryhe CH/S m SH/S unTepaximije
KOPHCTIUI CMO JnonxaTHH Kputepujym. [Ipumukom nperpare CSD mponalena cy 92 SS
KOHTaKkTa. YpaljeHa je craTUCTHYKa aHAIM3a PAa3IMYUTUX FEOMETPHU)CKHUX Mapamerapa Koja
je mokasana na cy y Behunm konTtakata d pactojama usHan 3,5 A, ca makcumymom
pacmionene y obmactu ox 3,8 mo 4,2 A. Topsnonu yrao H;-S;"S,-H, je 6mm3y 180°.
Pacniogena yrimoa u3mely paBuu tuonHux rpyna (C—S—H paBHH) moka3syje ga THOJIHE
rpyre uMajy TeHACHIU]Y Ja Ce MapajieHO OPHUjCHTHIILY.

[Ja 6ucmo ncrnmranmu na i cy S°S xonrtaktu usmely asa —CH,SH ¢parmenta
NPUBJIAYHYU, @ HE CaMO IIOCJeIHla NaKoBama y KPHCTAIHOj CTPYKTYpH, M3padyHaTe Cy
enepruje S°'S uHTepakuyje n3melhy aBa Mosnekyna Merantuona, kopucrehu MP2 merony n
cc-pVQZ 6a3wuc cet. [Ipopauynu cy ypal)eHU 3a Tpu OpHjeHTAIH]je: TapajelHy, INIaHapHy U
HOopMarHy. Pesynraru cy mokasanu ga ¢y S'S HHTEpaKIHje ca MmapajeIHOM OPHjeHTAIHjOM
Hajjaue (- 1,67 kcal/mol), ok cy mHTEpakmmje 3a HOPMAJHY W TapajiellHy OpHjEeHTAIH]y
-0,96 u -0,43 kcal/mol.

OBH pe3ynTaTH MOKa3yjy Ja XaJIKOT€H-XaJIKOTeH HHTepaKIije Ka0 U BOJOHUIHO U
BaH Aep BaicoBo Be3uBame Koje yKJbyuyje XaJIKOI'€HE aTOME, UI'pa BeOMa Ba)XKHY YIOTY Y
KPHUCTAJIHOM UHKEHEPUHTY.

[1] P. Basu, J. F. Stolz, M. T. Smith, Current Science, 84 (2003) 1412.
[2] R. Gleiter, D. B. Werz, B. J. Rausch, Chem. Eur. J. 9 (2003) 2676.
[3] C. Bleiholder, D. B. Werz, H. Koppel, R. Gleiter, J. Am. Chem. Soc. 128 (2006) 2666.
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Pyrazole derivatives are known for their rich coordination chemistry [1]. Beside
the various applications of pyrazole based compounds, lots of them show biological activity
and used as pharmaceutics (analgesics, antipyretics, antitheumatics, etc.) [2]. Our aim was
to prepare potentially biological active complex compounds of 1- carboxamidino-5-
hydroxy-3-methylpyrazole hydrate (hmcp-H,O) with magnesium(II) and zinc(Il) in single
crystal form and to analyze their structure as one of the most important requirement for
their further application. From the reaction mixture with magnesium(Il) in water two new
polymorphic forms of hmep-H,O were obtained, while from the same mixture in ethanol
the dehydrated hmcp is crystallized. With the zinc(Il) a neutral complex with two
coordinated hmcp and a coordinated water is precipitated. With zinc(II) chloride, bromide
or acetate polymorph A is formed, while zinc nitrate gives polymorph B.

In all 3 organic and 2 coordination compounds molecular geometry of pyrazolone
moiety is essentially the same. The same type of hydrogen bonds appear but lead to
different 3D arrangements of the same molecule. In this work we analyze the role of non-
covalent interactions on the structural properties of the 3+2 studied compounds. In addition,
as a first attempt to rationalize the relative importance of the various non-covalent
interactions we analyze intermolecular potential using the UNI force field.
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Jenumema Ha 0a3u nMupasoia MMajy pa3HOBPCHY MIPUMEHY Yy KOOPJHHAIIMOHO] XEMHU]H, jep
HX PUTHIHOCT NHUPA30JIHOT NPCTCHA U MOFthOCT Ja C€ MMyTEM Pa3JIMIUTUX CYIICTUTyCHATa
yTHU4€ Ha KOOpILI/IHaLlI/ij YHUHHU IIOTI'OJHUM JIMTaHIOM 3a (bOpMI/IpaH)e Ppas3IMIuTUuX METAJI0-
OPTaHCKUX CTPYKTYpa.

[Toceban 3Hauyaj MMajy CBOjCTBa OBHMX MOJICKYJIa KOja Cy Be3aHa 3a HHHXOBY
OMOJIOIIKY aKTHUBHOCT jep HeKa O] jeAuberha Ha 0a3M NHpaszolla uMajy HpUMEHY Y
meauuuau. Ca QapmaneyTckor acrekrta HapOYMTO j€ 3HAYajHO HMCIHUTATH MOTYhHOCT
MOCTOjaba PA3IMIATHX MOTUMOP(HUX 00MKa OHOJOIIKN aKTUBHUX MOJIEKYNa. Y OKBHPY
UCTpaXWBamka YCMEPEHHX Ka Jo0HWjaly OHOJNOIIKM aKTHBHUX KOMIUIeKca |-
KapOOKCHAMUAWMHO-XUIPOKCH-3-METHIIITIPA30Jia ca MarHE3HjYMOM U ITHHKOM, TOOMBEHa Cy
Tpu nosiumopda MUPa30JOHCKOT JIMTaHaa U 2 moiMMopda KOOPAUHAMOHOT jelUbeha ca
uuHKOM. [{Mib OBOT paja je mpoydaBame HEKOBAJICHTHHX HWHTEPAKIHUja KOje, HaKo BPJIO
CIIMYHE Yy HOJUMOP(GHUM CTPyKTypama, HoBoxe a0 (opMmupama pasnuuurtor ypehema
MOJIeKyJia Y uBpcTOM crawy. Jla Ou ce n0o0Mo yBHI y pelaTMBHHM 3HAuaj I10jeJUHUX
HMHTEPMOJICKYJICKMX KOHTAaKaTa, pauyHara je oaroBapajyhia eHepruja HHTEpaKiiyje.
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