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STRUCTURAL INFORMATION FROM TRANSITION-METAL
SULFUR COMPLEXES MODELING POTENTIAL
INTERMEDIATES OF BIOLOGICAL N; FIXATION: PRINCIPLES
VERSUS COPIES

Frank W. Heinemann? and Dieter Sellmanna

*Institut fliir Anorganische Chemie, Friedrich-Alexander-Universitit Erlangen-Niirnberg,
Egerlandstr. 1, D-91058 Erlangen, Germany

The red-hot temperatures and high pressures of the Haber-Bosch process (500 °C,
200 bar) reflect the chemical inertness of the N, molecule, but are in strong contrast to the
mild conditions (20°C, 1 bar, redox potential ~ -500mV) of the biological N, fixation
catalyzed by Fe/Mo, Fe/V, or FeFe nitrogenases, and this discrepancy represents a
persistent challenge for chemists.

The first low molecular weight transition metal dinitrogen complex has been
reported in 1964 [1] and since then numerous N, complexes have been prepared and
characterized. While in some of these complexes the N, ligand could be reduced to give
nitrogen hydrogen species even down to ammonia, none of the synthetic chemical systems
truly works catalytic. In 1992 the X-ray structure of FeMo nitrogenase was solved and a
very recent and more precise structure determination was published in 2002.[2] But even
the elucidation of the FeMo cofactor of nitrogenases has not afforded a detailed
understanding of the mechanism of biological N, fixation. In the search for transition metal
complexes modeling nitrogenase-like activity it has become clear that such compounds
must realize the principles that govern the reactivity of metalloenzyme centers rather than
being structural copies. These principles include structural features like the sulfur
coordination of the metal centers. Beyond this, model complexes have to (i) be robust and
stable in the absence of proteins, (ii) exhibit vacant sites for the coordination and activation
of substrates, (iii) possess Brensted acid-base properties for the transfer of protons, (iv) be
redox active for the transfer of electrons and (v) enable the electron transfer at mild redox
potentials.[3]

A series of transition metal complexes of related sulfur ligands with nitrogenase
relevant co-ligands such as N,, N,H,, N,H,, and NH; has been investigated by means of
X-ray crystallography. The crystallographic characterization of these complexes and the
discussion of their structural features gives valuable information on how the necessary
principles can be realized in low molecular weight complexes. This, in turn, might be
helpful in achieving a better understanding of nitrogenase functionalities and the future
development of highly active low molecular weight catalysts.

[1T A.D. Allen, C. V. Senoff, Chem. Comm., 621 (1965)
[2] J. Kim, D. C. Rees, Science, 297 (2002), 1696.

[3] D. Sellmann, J. Sutter, in Progress in Inorganic Chemistry, Vol. 52 (Eds. E. L.
Stiefel), John Wiley and Sons, Hoboken, NJ, (2004) 585.



WHAT BRINGS AROMATIC RING CLOSER TO METAL ATOM?
THE CASE OF METAL COMPLEXES.

Zoran D. Tomié¢

Vinca’ Institute of Nuclear Sciences, Laboratory of Theoretical Physics and Condensed
Matter Physics, PO Box 522, 11001 Belgrade, Serbia and Montenegro
e-mail: zorant@vin.bg.ac.yu

To succeed in design of solid material with desired physical and chemical
properties, the necessary prerequisite is capability to ‘predict crystalline architectures from
knowledge of chemical composition [1]. While there is a growing interest in developing
theoretical models capable to predict crystal structure, the complexity of the problem makes
this task still heavily dependent on collecting data relevant to the consideration of crystal
packing modes. Systematic structural analysis of closely related molecules has revealed that
some types of intermolecular interactions occurs more frequently and consequently can be
considered as the determining factor for the association of molecules in the solid state.
These includes hydrogen bonds, stacking interactions, agostic interactions, H---H and
Au---Au interactions, to mention some of the most investigated. In this work we will focus
on the interactions involving metal-chelate and phenyl ring, which until recently has not
been recognized as the factor important for the consideration of crystal packing.

Report of the crystal structure of bis[acetone-1-naphthoylhydrazinato(-
1)]copper(Il) complex [2] point to the interesting observation about its intermolecular
contacts. The copper is four coordinated in a square-planar arrangement, thus leaving the
axial directions open to approach by neighboring molecules. Interestingly, the atom found
to be the closest to the copper in the axial direction was not one of those known to have
affinity towards copper atoms i.e. N or O, or Cu atom, but the aromatic carbon from the
naphthalene fragment. It is positioned at a distance of 3.185(3) A from the copper, forming
angles with other atoms expected for the octahedral coordination. The facts that this
distance is shorter than the sum of the van der Waals radii (4.05 A), that angles resemble
those expected for axially coordinated atom, and known ‘plasticity’ of the copper
coordination sphere, gave reason to suspect that this may be an example of weakly
coordinated aromatic carbon. Inspection of literature reveals the few similar observations,
and in all these reports this arrangement has been described as a weak bond between the
copper and aromatic carbon. However the spatial relations of the closest chelate and phenyl
rings as well as disposition of charges in both rings strongly supported the assumption that
these interactions involve not only the copper atom but also the whole chelate ring. To
investigate more closely this type of contacts we perform the database studies of the square-
planar copper complexes [3] with aim to find out how frequent is this type of contact. We
confirmed the role of chelate-phenyl stacking interaction as an important factor in this
contact. For the investigated data set we found that in about 60%, the Cu-C(phenyl)
distance is bellow the sum of van der Waals radii of copper and carbon atoms. This indicate
the relative importance of this type of interaction for the association of square-planar copper
complexes in the solid state. In order to establish whether the presence of the chelate ring
influence the geometry of this contacts, we analyze statistical distributions and correlations



of the various geometrical parameters describing this contact. The results support
assumption that Cu--C(aromatic) contacts are strongly influenced by the interaction
between the chelate and phenyle rings. To find out whether these interactions are unique to
the copper complexes or present in other systems also, we extend this analysis on the
square-planar complexes including all transition metals [4]. To have a criteria for the
presence of interaction common for all metal atom types the parameter A have been
defined, representing the difference between the sum of the van der Waals radii of the
respective atoms, and the observed metal-carbon distance. In cases where A>0 it is
supposed that interaction exist and vice versa. In was found that in the complexes with
chelate rings, there is a larger percentage of structures with a metal-carbon distance below
the sum of the van der Waals radii (A > 0) than in the complexes without chelate rings. The
other important geometrical parameter is the dihedral angle between the mean plane of the
phenyl ring and the mean coordination plane consisting of metal and coordinated atoms.
The distribution of this angle in structures with and without chelate rings shows a clear
difference and is in accordance with the presence of interaction between the chelate and
phenyle rings.

Identification of the interactions important for consideration of association of
molecules is the first step in crystal engineering and should be followed by the analysis of
factors which could be a tool for ‘tailoring’ the association of molecules toward the specific
crystal structure. As an illustration of this task we will point to the sensitivity of the
described stacking contacts to the size of the aromatic system present in the molecule.

The crystal structure of dichloro(2-hydroxy-1-naphtaldehyde-3-methylisothio
semicarbazonato)iron(IlI) complex [5], is an interesting example both for preference
towards the stacking contacts even in the presence of strong hydrogen bond donors and
acceptors, and for the influence of the size of the aromatic system on the spatial relations
between the neighboring molecules. In spite of the presence of fragment likely to form
hydrogen bonds, it turns out that a unique multi-stacked m,m interaction occurs between
chelate rings, forming a chain along the b axis of the crystal. How this arrangement could
be influenced by the size of aromatic system can be seen in the crystal structure of the
similar iron complex, with the same coordination sphere, but one aromatic ring less in the
organic ligand. There is again multi-stacked m,m interaction and formation of chains,
however spatial relations of the neighbouring molecules are changed and correlate with the
different properties of the aromatic systems present.

On the basis of the above observations we may say that in the square planar
complexes metal-aromatic carbon contacts are in most cases consequence of chelate-phenyl
stacking interactions. With regard to the usability of this interaction for rationalization of
the crystal packing, it is important to stress its relatively frequent observation, which is
indication of energetically favorable arrangement, and possibility to tailor the mode of
association of the molecules by varying the properties of the aromatic systems.

[1] C. V. Krishnamohan Sharma, Crystal Growth & Design, 2 (2002) 465.

[2] Z. D. Tomié, V. M. Leovac, S. V. Pokorni, D. Zobel, S. D. Zari¢, Eur. J. Inorg. Chem.
(2003) 1222.

[3] Z. D. Tomi¢, S. B. Novakovi¢, S. D. Zari¢, Eur. J. Inorg. Chem. (2004) 2215.

[4] Z. D. Tomié, D. Sredojevic, S. D. Zari¢, Crystal Growth & Design, 6 (2006) 29.

[5] Z. D. Tomié, V.M.Leovac, 7. K. Jaéimovié¢, G.Giester, S. D. Zari¢, Inorg, Chem.
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U istrazivanjima usmerenim ka sintezi molekulskih materijala sa Zeljenim fizickim
i hemijskim svojstvima namece se potreba da se na osnovu poznavanja strukture molekula
predvidi nacin njihovog udruzivanja u kristalu [1] Predlozeno je nekoliko pristupa u
reSavanju ovog problema, a naro¢ita paznja je usmerena ka formulisanju teorijskih modela
koji bi omoguc¢ili brze i potpunije ispitivanje razli¢itih mogucnosti za sintezu materijala sa
zeljenom strukturom (svojstvima). Medutim slozenost problema ¢ini da su i dalje napori u
ovoj oblasti u velikoj meri oslonjeni na eksperimentalna istrazivanja i utvrdivanje nac¢ina na
koji strukturna svojstva izolovanih molekula uticu na nacin njihovog udruzivanja u ¢vrstom
stanju. Znacajni rezultati su ostvareni primenom sistematske analize strukturnih parametara,
uz primenu statistiCkih metoda, koja omogucéava da se analizom velikog broja kristalnih
struktura uoce oni €inioci koji u ve¢oj meri uticu na nacin udruzivanja molekula u ¢vrstom
stanju. Tako je ukazano na ulogu koju imaju vodoni¢ne veze, interakcije aromati¢nih
prstenova, H--H ili Au---Au interakcije, da pomenemo samo neke od najéesce ispitivanih. U
ovom radu ¢emo skrenuti paznju na interakcije izmedu metala koji su deo helatnog prstena,
i aromatskog prstena, koje do nedavno nisu sistematski ispitivane.

U kristalnoj strukturi bis[aceton-1-naftoilhidrazonato(-1)]bakar(Il) kompleksa [2]
opazeno je da se na rastojanju 3.185(3) A od atoma bakra nalazi atom ugljenika iz
naftalenskog prstena. Uglovi koje ovaj atom gradi sa ostalim koordinovanim atomima su
bliski onima koji se oCekuju kod oktaedarski koordinovanog atoma. Ono §to je donekle
neocekivano je da bakar ne ostvaruje intermolekulski kontakt sa nekim od atoma za koje se
zna da Cesto formiraju takve kontakte kakvi su u ovom slucaju atomi N, O ili Cu iz
susednog molekula, pa se postavlja pitanje da li se moze govoriti o postojanju interakcije
izmedu aromatskog ugljenika i bakra u ovom kristalu. Ono S$to ide u prilog ovakvoj
pretpostavci je i poznata osobina ’plasti¢nosti’’ koordinacione sfere bakra. Pregledom
literature ustanovljeno je da je u nekoliko slucajeva saopsteno opazanje sli¢nih strukturnih
fragmenata, i protumaceno kao posledica postojanja slabe interakcije izmedu atoma Cu i
aromati¢nog ugljenika. Medutim detaljnija analiza poloZaja dva susedna prstena, helatnog i
fenilnog, i izraCunavanje raspodele naelektrisanja u njima, ukazala je na moguénost da je
Cu---C kontakt u ovom sluc¢aju posledica interakcije izmedu helatnog i fenilnog prstena. Da
bi se ustanovilo kakva je verovatnoca formiranja ovakvog kontakta i utvrdili ¢inioci koji
utiu na njegovo pojavljivanje izvrSena je analiza geometrijskih parametara koji opisuju
medjusobni polozaj dva najbliza molekula u kristalnim strukturama kvadratno-planarnih
kompleksa Cu [3]. Za ovu i ostale analize opisane u ovom radu kori$¢eni su podaci koji se
nalaze u Kristalografskoj banci podataka u Kembridzu. Opazeno je da je u priblizno 60%
analiziranih struktura, ispitivano Cu--C rastojanje manje od zbira van der Valsovih
poluprecnika bakra i ugljenika. Statisticka analiza parametara koji opisuju polozaj najblizih



molekula je u skladu sa pretpostavkom o postojanju interakcije izmedu helatnog i fenilnog
prstena. Isti metod je primenjen i na analizu kvadratno-planarnih kompleksa koji
obuhvataju sve prelazne metale [4]. Da bi isti kriterijum za postojanje interakcije mogao da
bude primenjen na strukture koje sadrze razliCite metale definisan je parametar A koji je
jednak razlici izmedu zbira van der Valsovih polupre¢nika atoma Cu i C, i opazenog Cu---C
rastojanja. Kada je A>0 moze se govoriti o postojanju interakcije. Poredenje raspodele
vrednosti ovog parametra u strukturama sa i bez helatnog prstena pokazuje da prisustvo
helatnog prstena pospesuje interakciju izmedu atoma Cu i C. Uocava se i jasna razlika u
medusobnom polozaju srednje koordinacione ravni i fenilnog prstena u zavisnosti od toga
da li je u molekulu prisutan helat ili ne. U prisustvu helata ove ravni teZze da se postave
priblizno paralelno, $to odgovara pretpostavci o postojanju helat-fenil interakcije. Kod
struktura u kojima nema helatnog prstena uocljiva je teznja da se dve ravni postave
priblizno normalno.

Uocavanje intermolekulskih interakcija koje su vazne za razumevanje udruzivanja
molekula u kristalu je prvi korak u pokusajuma da se opazeni strukturni raspored u kristalu
protumaci u odnosu na strukturu izolovanog molekula. Da bi na tu strukturu moglo da se
uti¢e potrebno je poznavati i Sta utie na svojstva ispitivane interakcije. Analize opisane u
ovom radu su pokazale da je jedan od ¢inioca koji utie na geometriju intermolekulskih
kontakata kvadratno-planarnih kompleksa, i velicina aromatskog sistema. Primer za to je
kristalna struktura dihloro(2-hidroksi-1-naftaldehid-3-metilizotiosemikarbazonato)
gvozde(IIl) kompleksa [5]. Ovaj molekul sadrzi strukturne fragmente za koje se moze
pretpostaviti da ¢e formirati vodoni¢ne veze medutim pokazalo se da je struktura koja se
formira posledica viSeslojnog uredivanja molekula kao posledica interakcije izmedu
helatnih prstenova. Kako se na ovakav raspored molekula moze uticati moze se videti
poredenjem sa strukturom kompleksa ¢ija je osnovna razlika u odnosu na pomenuti odustvo
jednog Cg prstena. I u ovom slucaju dolazi do obrazovanja viSeslojnog ‘’molekulskog
lanca’” ali je medusobni polozaj susednih molekula razlicit i moze se protumaciti kao
posledica razli¢itih veli¢ina aromatskih sistema.

Opisani rezultati ukazuju da kontakte izmedu atoma metala i ugljenika iz fenilnog
prstena ne treba posmatrati kao posledicu interakcije pojedinaénih atoma Cu i C veé se
mora uzeti u obzir interakcija helatnih i fenilnih prstenova &iji su ovi atomi deo. Cinjenica
da se ovi kontakti pojavljuju u relativno velikom broju struktura ukazuje da je njihovo
obrazovanje energetski povoljno u ispitivanom tipu kompleksa, i da se uticajem na njihova
svojstva moze uticati na nacin udruzivanja kvadratno-planarnih kompleksa u Evrstom
stanju.
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ELECTROSTATIC POTENTIAL AS AN EXPERIMENTAL OR A
THEORETICAL TOOL FOR A BETTER UNDERSTANDING OF
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High-resolution X-ray diffraction and theoretical calculations allow a fine
characterization of these electronic and electrostatic properties in crystals, which is essential
to the understanding and prediction of the interaction of drugs with the biological targets
(pharmacology) and excipients (formulation). This fundamental approach can have
important consequences for practical applications in the areas of drug design or drug
delivery. The Laboratoire Structures, Propriétés et Modélisation des Solides, SPMS (UMR
8580, CNRS / Ecole Centrale Paris), who will lead the proposed project, has developed a
dual experimental and theoretical expertise in this field. Since 2002, we have expanded our
approach combining high-resolution X-ray diffraction and ab initio calculations to the
characterization of pharmaceutical solids through a joint research group (“Pharmaceutical
Materials”) involving SPMS and the Laboratoire de Physico-chimie, Pharmacotechnie,
Biopharmacie, PPB (UMR 8612 — CNRS / Paris Sud) of the Facult¢ de Pharmacie of
Chatenay-Malabry. Our collaborative work has enabled us to answer several questions
posed by medicinal chemists or galenists, in particular relative to the following topics:

= Electronic and electrostatic properties of racemic ibuprofen [1]

=  Electronic and electrostatic properties of a complex of zinc aspirin [2]

»  Understanding of the crystallization of busulfan, a pediatric cancer
chemotherapeutic drug, and development of a new formulation (encapsulation in a
cyclodextrine derivate) [3]

= Understanding of the reactivity toward nucleophile agent: a putative intermediary
product in the total synthesis of cephalotaxine (antileukemic agent) [4]

= Electronic and electrostatic properties of co-crystal of decavanadate — cytosine,
compound implied in the activity or inhibition of various enzymes
(phosphotransferases, Ca®" ATP-ase, adenylate kinase, and others) [5]

=  Experimental and theoretical electrostatic properties of salicyladehyde
thiosemicarbazone, a pharmacophore of trombopoietin mimics, one of the simplest
ligands in the thiosemicarbazone family [6]

= Experimental and theoretical electrostatic properties of styrylquinoline-based
compounds as new inhibitors in the integrase of the HIV-1 [7,8].

In this talk we will present results concerning the above-cited compounds.

In the abstract, we will focuse on our work on the electrostatic properties of HIV-1
integrase inhibitors [7,8] in collaboration with the team of d'Angelo (Laboratoire BIOCIS,
UMR 8076, CNRS - Paris-Sud). The most promising candidate from the point of view of



its therapeutic indicators (in vitro inhibition, ex vivo and toxicity) is (E)-8-hydroxy-2-[2-
(4,5-dihydroxy-3-methoxyphenyl)-ethenyl]-7-quinoline carboxylic acid. This compound is
in pre-clinical development phase (Bio-Alliance star-up). Crystals are very small and air
sensitive. Single X-ray diffraction has permitted the determination of the molecular
structure of the inhibitor, evidencing its zwiterionic character, but the quality of the crystals
was not sufficient for high resolution even with experiments using ESRF synchrotron
radiation. The two precursors have also being crystallized and the electron density has been
determined. Experimental — theory (HF and DFT) comparisons have shown that there is no
electronic delocalization between the two fragments when the spacer is ethylenic.
Experiments have been conducted to synthesize several compounds similar to I changing
the nature of the spacer and also the functional groups on the hydroxylated aromatic ring
[9]. In complement, a systematic approach based on Kohonen neural network was also
explored [10]. While conclusions on the role of these groups arose and then allowed for the
synthesis of optimized molecules, the influence of the spacer on the activity of the inhibitors
remained unclear. Among a hundred quinolines derivatives already synthesized we selected
and compared molecules which exhibit various ability to inhibit the integrase. By means of
first principals quantum chemistry computations, we aim at drawing from this comparison
electrostatic criteria enable to predict which molecules are likely to be active. From our
results we try to conclude to what extend their structure play a role in the reactional
mechanism.

Figure : Electrostatic theoretical potential on the molecular surface (right) and isosurfaces
of one integrase inhibitor. Zwiterionic form (up) and non-zwiterionic form (down). [8]
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STRUCTURE OF HEXAAQUA (¢+1,2,4,5-BENZENETETRA-
CARBOXYLATO)-BIS(2,2’-DIPYRIDYLAMINE)DINICKELII)
HEXAHYDRATE DMSO SOLVATE AT 173 K
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* Faculty of Technology and Metallurgy, Karnegijeva 4, Belgrade, Serbia and Montenegro
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Structure of the title complex has been published recently [1]. However, due to presence of
wide channels (about 3.5x4.7 A) parallel to the b-axis we had a problem to model some
disordered solvent molecules. Instead, the contribution of these molecules to the structure
factors was removed by the SQEEZE procedure implemented in program PLATON [2]. To
resolve this ambiguity it was necessary to recollect single crystal X-ray diffraction data at
low temperature (—100 °C) and the results of this new structure determination are reported
here.

At low temperature a predictable decrease (=1.4 %) of unit cell volume was observed.
However, in addition to expected H,O molecules one DMSO molecule with a half
occupation was found in crystal lattice channels. Since these molecules are located around
the symmetry center, they are close to each other and cannot coexist at the same time.
Therefore, this (minor) part of the structure is noncentrosymmetric, though the remaining
main part is centrosymmetric. Besides, one O atom from uncoordinated COO groups is also
found to be disordered.

Crystal data are as follows: Cs;,HsoNgNi,01S, M, = 1004.26, triclinic system, space group
P-1, a=9.290(1), b=10.863(1), c=11.997(2)A, a=67.40(1), PB=77.04(1),
y=84.79(1)°, ¥=1089.2(3) A®, Z=1, F(000) =524, p,=1.531 gcm™, 1£=0.998 mm ',
§=1.179, R, =0.0606 for 3189 reflections with />2c(/), wR,=0.1237 for 3972
independent reflections and 351 refined parameters.

Figure 2. Binuclear
complex unit and
asymmetric part of lattice
solvent molecules.

Slika 2. Bunuklearna
kompleksna jedinka i
asimetri¢ni deo molekula
rastvaraca.

[1]J. Rogan, D. Poleti, Lj. Karanovi¢, Z. anorg. allg. Chem., 632 (2006) 133-139
[2] P. v.d. Sluis, A.L. Spek, Acta Crystallogr. A46 (1990) 194-201; A.L. Spek, J. Appl.
Cryst., 36 (2003) 7-13
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HEKSAHIDRATA-DMSO SOLVATA NA 173 K

D. Poleti’, Lj. Karanovi¢®, A. Kremenovic®, J. Rogan®

¢ Tehnolosko-metalurski fakultet, Karnegijeva 4, 11000 Beograd
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Mada je struktura navedenog kompleksa objavljena nedavno [1], zbog postojanja Sirokih
kanala (oko 3.5x4.7 A) paralelnih sa h-osom postojali su problemi pri modelovanju nekih
neuredenih molekula rastvaraca. Zbog toga je doprinos tih molekula strukturnim faktorima
uklonjen pomocu procedure SQEEZE iz programa PLATON [2]. Da bi se resili navedeni
problemi bilo je nuzno da se prikupljanje podataka ponovi na niskoj temperaturi
(-=100 °C). Novi rezultati utacnjavanja strukture prikazani su u ovom radu.

Na niskoj temperaturi doSlo je do predvidljivog smanjenja zapremine jedini¢ne éelije
(1,4 %). Medutim, uz ocekivane molekule H,O u kanalima je naden i jedan molekul
DMSO sa okupacijom 0,5. Posto su svi ti molekuli smeSteni oko centra simetrije, oni su
suvise blizu jedni drugima da bi mogli postojati u istoj jedini¢noj ¢eliji. Sledi da taj (manji)
deo strukture mora biti necentrosimetrican, dok je ostatak strukture centrosimetri¢an. Osim
toga, jedan atom O iz nekoordinirane COO-grupe takode je statisticki podeljen na dva
polozaja.

Kristalografski podaci: C;,HsoNgNi,O1S, M, = 1004,26, triklini¢ni sistem, prostorna grupa
P-1, a=9290(1), b=10,863(1), c=11,9972)A, a=67,40(1), PB=77,04(1),
y=84,79(1)°, ¥'=1089,2(3) A®, Z=1, F(000) =524, p,=1,531 gem >, 1£=0,998 mm ',
§=1,179, R, =0,0606 za 3189 refleksija sa I>2c(l), wR, =0,1237 za 3972 nezavisne
refleksije i 351 uta¢njavani parametar.

%& Slika 1. Pakovanje molekula, projekcija duz b-ose.
Figure 1. Crystal packing along b-axis.

[1]J. Rogan, D. Poleti, Lj. Karanovi¢, Z. anorg. allg. Chem., 632 (2006) 133-139
[2] P. v.d. Sluis, A.L. Spek, Acta Crystallogr. A46 (1990) 194-201; A.L. Spek, J. Appl.
Cryst., 36 (2003) 7-13
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CRYSTAL STRUCTURE OF 0,0’-DIISOPROPYL-(S,S)-
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The title compound was synthesized by standard procedure of Fisher esterification.
Namely, hydrogen chloride was introduced into a flask containing absolute isopropyl
alcohol. Then, (S,S)-ethylenediamine-N, N -di-2-propanic acid was suspended in absolute
alcohol saturated with HCI, and the suspension was reflucted for 16 h. After that, the
suspension was filtered and the filtrate was left on room temperature for several days.
Crystals of [dip(S,S)eddpH,]Cl, suitable for X-ray structure analysis were obtained.

Crystallographic data: C;4H3oCI,N,O4, orthorhombic system, space group P22,2,
a=15.0876(8), b =9.4982(18), c = 20.414(5) A, ¥=986.53) A’, Z=2, D. = 1.216 Mg/n’,
(MoKa) = 0.346 mm™, F(000) = 388. Data collection: 2.00 < & < 25.95°, no. of
parameters: 124, R; = 0.059, wR, = 0.1548 for 1828 reflections with 7> 2o([).

The crystal consists of three species: one dicationic, dip(S,S)eddp”” (0,0-
diisopropyl-(S,S)-ethylenediammonium-N, N -di-2-propanoate) and two Cl anions. All of
the mentioned species are involved in H-bonding (H(0A)"Cl = 3.127(4) A, N-H(0A)"Cl =
165°; H(0B)"Cl = 3.120(4) A, N-H(0B)"Cl = 164°), and these interactions led to building
a one-layer structure. The angle between NC1CIN and NCINCI planes is 90°.

L7 L

Fig. 1. Hydrogen bonding. of [dip(S,S)eddez]Clz
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0,0 -diizopropil-(S,S)-etilendiamin-N, N -di-2-propanoat sintetisan je standardnom
Fisher-ovom esterifikacijom. Gasoviti hlorovodonik je uvoden u balon koji sadrzi apsolutni
izo-propanol, zatim je (S,S)-etilendiamin-V,N’-di-2-propanska kiselina suspendovana u
apsolutnom alkoholu zasi¢enim hlorovodonikom. Suspenzija je refluktovana 16 sati. Posle
toga suspenzija je procedena i filtrat je ostavljen na sobnoj temperaturi nekoliko dana.
Dobijeni su kristali pogodni za rendgensku strukturnu analizu.

Kristalografski podaci: Ci4H;30CI,N,04, rombican sistem, prostorna grupa P22,2,,
a=5,0876(8), b =9,4982(18), c =20,414(5) A, V'=986,5(3) A>, Z=2, D. = 1,216 Mg/m’,
(MoK @) = 0,346 mm™, F(000) = 388. Opseg: 2,00 < < 25,95°, broj parametara: 124, R,
=0,059, wR, = 0,1548 za 1828 refleksija sa I > 2o(]).

Dobijeni monokristali se sastoje iz tri hemijske vrste: jednog dikatjona,
dip(S,S)eddp™™ (0,0 -diizopropil-(S,S)-etilendiammonijum-N, N -di-2-propanoat) i dva
anjona hlora. Sve pomenute vrste ucestvuju u vodoni¢nom vezivanju (H(0A)Cl = 3,127(4)
A, N-H(0A)"Cl = 165°; H(0B)"Cl = 3,120(4) A, N-H(0B)"Cl = 164°), $to je dovelo do
gradenja jednoslojne strukture. Ugao izmedu NC1CIN and NCINCI ravni iznosi 90°.

maam NI C1H

Fig. 1. Vodoni¢no vezivanje [dip(S,S)eddez]Clz
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The complex [Ni(S,S-eddp)]x2H,0 was obtained in reaction of nickelhloride—
-hexahidrate and ethylenediamine-N, N -di-S,S-2-propionic acid (S,S-eddp) in molar ratio
1:1 at 65°C and pH = 7. This green crystals was undergone to elemental microanalyisis and
X-ray sructure analysis.

The experimental results of the elemental analysis for C, H, N are in accordance
with calculated values. Found (%): C, 32.57; H, 6.16; N, 9.48. Calculated: C, 32.36; H,
6.11; N, 9.44.

The structure of the complex was solved and refined using SHELXL program.
Results of structure refinement of complex compound: CgHgN,NiOgs, M, = 296.93,
monoclinile, space group P2, crystal size 0.14x0.12x0.09 mm, block shape and green
coloured, a="1.5532(5), b=9.1933(6), c=8.2722(5) A,
B =100.225(1)°, V' =565.29(6) A*>, Z=2, p = 1.773 gem™, F(000) = 312, = 17.35 cm’,
A(MoK,) =0.71073 A, T=100(1)K, 5182 reflection measured, GOOF =1.055,
WRy(F?) = 0.0689 for 2671 unique reflections and 226 parameters, 1 restraints and
R(F) =0.0270 for 2596 reflections obeying Fj> 4c(F)) criterion of observability.
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KRISTALNA STRUKTURA KOMPLEKSA [NI(S,S-eddp)]*2H,0
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Kompleks [Ni(S,S-eddp)]x2H,0 je dobijen u reakciji nikal-hlorida-heksa-hidrata i
etilendiamin-N, N'-di-S,S-2-propionske kiseline (S,S-eddp) u molskom odnosu 1:1, na
temperaturi 65 °C i pH = 7. Sastav kompleksa je odreden elementarnom mikroanalizom, a
struktura rendgenskom strukturnom analizom.

Eksperimentalni rezultati elementarne mikroanalize za C, H, N su u saglasnosti sa
teorijski izraCunatim vrednostima. Nadeno (%)C, 32,57; H, 6,16; N, 9,48. Izracunato (%):
C,32,36; H, 6,11; N, 9,44.

Kristalna struktura kompleksa je reSena i utacnjena koris¢enjem SHELXL
programa.

ReSavanjem kristalne strukture kompleksa dobijeni su sledeéi podaci:
CgHsN,NiOg, M, = 296,93, monoklini¢an, prostorna grupa P2;, veli¢ina kristala 0,14 X
0,12 x 0,09 mm, a=17,5532(5), b=9,1933(6), c=82722(5) A,
B =100,225(1)°, ¥V =565,29(6) A*, Z=2, p = 1,773 gem™, F(000) = 312, u = 17,35 cm,
J(MoK,) = 0,71073 A, T = 100(1) K, izmerene su 5182 refleksije, GooF = 1,055,
WRy(F?) = 0,0689 za 2671 nezavisnih refleksija i 226 parametra, a R;(F) = 0,0270 za 2596
opazenih refleksijasa Fy> 4.0c(F)).

@
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SYNTHESIS AND CRYSTAL STRUCTURE OF
SR4CU3(ASO4)2(ASO30H)43H,0
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e-mail: tamara.mihajlovic@univie.ac.at

The new compound Sr,Cu;(AsO,),(AsO;0H),3H,0 was synthesised under
hydrothermal conditions from a mixture of Sr(OH),, CuO, As,Os and H,O using Teflon-
lined stainless steel autoclaves (493 K, 2 days). It crystallised as blue transparent prismatic
crystals up to 0.15 mm in length together with a small amount of Sr(AsO;OH) [1]. It is the
first Sr-Cu arsenate in the system SrO-CuO-As,0s—H,O and represents a new structural
type.

The crystal structure of SryCu3(AsO4)2(AsO;0H)4-3H,0 was determined by single-
crystal X-ray diffraction (298 K, MoKa, 20,,.x = 60°): space group C2/c, a = 18.536(4), b =
5.179(1), ¢ = 24.898(5) A, = 101.28(3)°, V' = 2344.0(8) A°, Z = 4. The refinement with
204 free parameters yielded R (F) = 0.0292, wRy,(F") = 0.0694 for the 3428 unique
reflections, and Ry(F) = 0.0211 for the 2864 observed reflections with F,* > 4c(F,’) [2].

The crystal structure of Sry;Cus(AsO,),(AsO;0H),3H,0 is related to a group of
compounds formed by Cu(Il)-XO, (X = P>, As’") layers linked by Me cations [Me = alkali
or alkaline earth metal, Pb(II) or Ag(I)] and partly by hydrogen bonds [3]. These layers
involve Cu;0,, units formed by one square-planar coordinated Cu atom on the symmetry
centre corner-connected to two Cu atoms in [5]-coordination. Distinct patterns and links of
the Cu;04, groups by XO, tetrahedra were observed.

In the title compound the stacked [Cu;(As(2)04)(As(3)O;0H)] layers with Cuz0y,
groups arranged parallel to each other are interconnected by two distinct SrOg polyhedra,
by one As(1)O;, tetrahedron, and partly by hydrogen bonds. These layers show an 4BAB
stacking sequence. The SrOg polyhedra are distorted square antiprisms with average bond
distances of 2.630 and 2.631 A. The central Cu(l) atom of the Cu;O,, group is square-
planar coordinated with an average bond length of 1.964 A. The terminal Cu(2) atom
features a [3+1+1] coordination resulting in a distorted trigonal bipyramid: the two shortest
Cu-O bonds represent the axis, whereas equatorial O—Cu(2)-O angles are 101.23(8),
115.52(7) and 144.86(8)°. The arsenate terahedra are fairly regular. The average As—O
bond distances vary from 1.686 to 1.693 A. The H atoms were detected in a difference
Fourier map at plausible positions and their atomic coordinates were refined successfully.

Financial support of the Austrian Science Foundation, FWF (Grant P15875-N03) is
gratefully acknowledged.

[1] T. Mihajlovi¢, H. Effenberger, Z. Kristallogr. Supp!. Issue, 22 (2005), 73

[2] G. M. Sheldrick, SHELX-97, a program for the solution and refinement of crystal
structures. University of Gottingen, Germany (1997)

[3] H. Effenberger, J. Solid State Chem., 142 (1999), 6-13
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Jenumemwe  SryCu;3(AsOy4)2(AsO;0H)3H,0O  cuHTETHCAaHO je  XUAPOTEPMAIHOM
MeToz0M Tako mTo je cmemia Sr(OH),, CuO, As,Os u H,O craBbana y TepIOHCKE CyaI0BE
W 3arpeBaHa y ayTokiaBuma oj Hephajyher uenuka 2 nana Ha 7 = 493 K. Jenumeme je
HCKPUCTAIINCAJIO y BUY IUIaBUX, IPO3PAYHUX, IPU3MATHYHUX KpHCTana Ay KUHE 10 15 mm
3ajeqHo ca MamoM kommauHOM Sr(AsO3;OH) [1]. Omo mpencrasiba, kako mpeu Sr-Cu
apcenar y cucteMy SrO-CuO-As,05—H,0, Tako 1 HOBU CTPYKTYpPHU THIIL.

Crpykrypa SrsCu;3(AsO4)2(AsO;0H)43H,0  pemeHa je JUPEKTHUM MeToAama
KopuimhemeM rmoaTaka JoOWjeHNX PeHIreHCKoM audpakurjoM Ha MOHOKpHucTary (298 K,
MoKa, 28,,,,x = 60°): mpoctopra rpyma C2/c, a = 18,536(4), b = 5,179(1), ¢ = 24,898(5) A,
£ =10128(3)°, V'=2344,0(8) A°, Z = 4. Vraumapame ca 204 BapupaHa napamerpa 1aio je
cienehe R-spemnocTu: Ri(F) = 0,0292, wR,(F) = 0,0694 3a 3428 He3aBucHuX pediekcnja
1 R\(F)=0,0211 3a 2864 peduexcuje ca F,> > 4c(F,’) [2].

SryCu3(AsO4)2(AsO;0H)43H,0 je crpykTypHO OnHM3ak TpymH CYICTaHIU KoOje
canpxe Cu(I)-XO, (X = P°*, As’") ciojee nosesane Me katjonuma [Me = alkalHH WIN
3emHoasikanHu Metan, Pb(Il) wim Ag(l)] u nenmmmuyno BomoHmuHuM Be3ama [3]. OBu
cinojeeu caapxe Cu;Oj, rpyne usrpaliene on jemHor aroma Oakpa KOjU JIGKH Y ICHTPY
CUMETpHje M UMa KBaJpaTHO-TUIAaHAPHY KOOPAMHAIIM]Y, a KOJH j€ ajbe MOBE3aH ca oI J1Ba
atoma Oakpa y koopauHauuju 5. [lo3Hatm cy paznmuutd mMozenu moBesuBama Cu;Oip
rpyna XO4 TeTpaeapuma.

CrnojeBu [Cuz(As(2)04)(As(3)Os0H)] nosesann cy momohy nBa paszmmumra SrOg
nonuenpa, jeqauM As(1)O;0H tetpaeapoM u 1enMMUYHO BOJOHUYHAM Be3aMa, Tako Jia je
CBaku JApyru cioj uaeHtn4dan (ABAB mosesuBame). [TocMmaTpano mo cimojesuma, Cu;0p,
Tpyme cy mapaienHe jemHa y omHocy Ha npyry. [lommenpm SrOg cy medopmucane
kBaaparHe anTunpusMe ca (Sr(1/2)-0) = 2,630/2,631 A. Llentpanau Cu(1) atom u3 CuzO,
rpyne y KBaJpaTHoO-IUIaHapHOj koopauHamuju uma (Cu(1)-0) = 1,964 A. Tepmunamnu
Cu(2) aromm wumajy [3+1+1] xoopmuHanmjy. Cu(2)Os KOOpPIWHALMOHU IIONHEAAp je
nedopmucana TpuronanHa ounupamuna: ase Hajkpahe Cu(2)-O Bese cy oce Ounupamue,
a exBatopujaaan O—Cu(2)-O yrmosu cy 101,23(8), 115,52(7) u 144,86(8)°. Terpaenpu
AsO4 cy mpunIMYHO TPABWIHH, a IpoceyHa nykuHa As—O Besa Bapupa ox 1,686 no
1,693 A. Atomu BosmoHMKka cy Hahenu Ha DypujeoBOj Mamu U HHXOBE KOOPAHHATE CY
YCIIEITHO yTaYmhEHe.

AyTop ce 3axBasbyje aycTpujckoM GoHy 3a Hayky, FWF (mpojexar P15875-N03).

[1] T. Mihajlovi¢ and H. Effenberger, Z. Kristallogr. Suppl. Iss., 22 (2005) 73

[2] G. M. Sheldrick, SHELX-97, a program for the solution and refinement of crystal
structures. University of Gottingen, Germany (1997)

[3] H. Effenberger, J. Solid State Chem., 142 (1999) 6-13
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Iron(Il)-fumarate or Ferrous Fumarate is well known compound in pharmaceutical
industry, which is administered orally in the case of iron deficiency. Sample of
polycrystalline complex of iron (II)-fumarate was synthesized in the reaction with sodium-
fumarate and iron (II)-sulphate. Fe (II) ion easily oxidizes to Fe (III) ion at atmospheric
pressure and oxidation intensifies by heating. Thus synthesis was done on temperature of
90°C at low pressure. The process of oxidation was minimized and contents of Fe (III) ions
that are toxic was also minimized in final oral drugs.

Using X-ray powder diffraction method it was established that the synthesized
sample under investigation is iron (II)-fumarate. We accepted the values for hkl and
calculated unit cell dimensions for the orthorhombic system from paper [1], assumed that
space group is P22 2 and unit cell dimensions and profile parameters for pattern refined
by FullProf [2]. Calculated crystallographic data for orthorhombic system and assumed
space group are: a=7.947(2) A, b=9.648(2) A, c=11.784(2) A, V = 903.6(3) A3.

Calculated dimension of crystallite based on Scherrer's formula is 37(8) nm.

IR spectrum, magnetic susceptibilities and dielectric permeability data were also
analyzed. It was concluded that fumaric acid connects both carboxilate ions bidentate with
Fe (II) ions. It is assumed that the Fe (II) ion coordinates also two more water molecules. In
this case the coordination polyhedron around the Fe (II) ion is slightly distorted octahedron
as confirmed by magnetic measurements. This molecular structure forms a polymeric chain.

[1] C.P. Prabhakaran, C.C. Patel, Indian J. Chem., 7 (1968), str. 266-268
[2] J. Rodriguez-Carvajal, T. Roisnel, J. Gonzalez-Platas, L.C. Chapon, FullProf.2k
(Version 2.90 - Sep2004-LLB JRC)
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Gvozde(Il)-fumarat je dobro poznato jedinjenje u farmaceutskoj industriji koje se
koristi kao oralni preparat u leenju i prevenciji nedostataka gvozda u organizmu. Uzorak
polikristalnog kompleksa gvozde(Il)-fumarata je sintetizovan reakcijom natrijum-fumarata i
ferosulfata. Posto Fe(Il) jon lako oksidiSe pri atmosferskom pritisku do Fe(III) jona, §to se
dodatno intenzivira zagrevanjem, Sinteza se odvijala na temperaturi od 90°C pod snizenim
pritiskom, da bi se proces oksidacije sveo na minimum, a samim tim znatno snizio i sadrzaj
Fe(III) jona koji je nepozeljan u gotovim oralnim preparatima.

Rendgenskom difrakcionom metodom praha potvrdeno je da ispitivani sintetizovani
uzorak predstavlja gvozde(II)-fumarat. Vrednosti za hkl i izraCunate parametre elementarne
¢elije za ortorombicni sistem nadene su u radu [1]. Prihvatajuéi ove podatke kao tacne i
pretpostavljajuci da je prostorna grupa P 2 2 2, utaénjeni su parametri elementarne Celije i
neki profilni parametri pomoc¢u FullProf programa [2]. Dobijeni kristalografski podaci za
ortorombi¢ni sistem sa pretpostavljenom prostornom grupom su: a=7,947(2) A, b=9,648(2)
A, c=11,784(2) A, v=903,6(3) A>.

Izradunata je i veli¢ina kristalita pomo¢u Sererove formule i ona iznosi 37(8) nm.

Analizirani su jo§ i IR spektri, rezultati merenja magnetne susceptibilnosti i
dielektriéne permeabilnosti uzorka. Rezultati magnetnih merenja ukazuju da se jon Fe(I) u
ispitivanom kompleksu nalazi u niskospinskom stanju sa dva nesparena elektrona, $to
ukazuje da se radi o izduzenom oktaedarskom kopleksu. Analizom IR spektra utvrdeno je
da se deprotonovana fumarna kiselina vezuje sa oba karboksilna jona asimetricno
bidentatno za jone Fe(Il) koji koordiniraju i po dva molekula vode. Ovakva struktura
dovodi do formiranja umrezenog lanca.

[1] C.P. Prabhakaran, C.C. Patel, Indian J. Chem., 7 (1968), str. 266-268
[2] J. Rodriguez-Carvajal, T. Roisnel, J. Gonzalez-Platas, L.C. Chapon, FullProf.2k
(Version 2.90 - Sep2004-LLB JRC)
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Due to interesting and useful properties, y-Bi,O; (noncentrosymmetric crystal lattice,
space group 123, no. 197) has a real or potential application in different fields of electronics
and acoustics. This metastable phase can be stabilized at room temperature by doping with
different cations.

In this study the possibility to isolate single y-Bi,O; phase doped with Pb and its
crystal structure were investigated. Seven mixtures with different molar ratios of a-Bi,O;
(bismite) and PbO (massicot) were homogenized in an agate mortar, heated up to 750 °C
and then furnace cooled to the room temperature. The synthesized samples were
characterized by X-ray powder diffraction technique. The phase composition of reaction
products was as follows:

— 1.67B1,05'PbO and 2.75Bi,05-PbO yielded a mixture of y-Bi,O; and BigPbsO;;, —
6B1203Pb0, 12B1203Pb0, 18B1203Pb0 and 19Ble3PbO produced ’Y-B1203,
38Bi,05PbO gave a mixture of y-Bi,O; and a-Bi,0s.

Among four obtained y-Bi,0s, the sample achieved from the 12Bi,05-PbO starting
mixture was chosen for the Rietveld analysis. As a result, the new structural model of
BiyPbOs3; phase was proposed. Namely, the structure of a very similar compound
Bi,4Pb,034 has already been published [1]. However, very high temperature displacement
parameters of Pb*/Bi*" ions situated in tetrahedral sites at 0,0,0 and '4,'%,% (Wyckoff
position 2a) shows that the model reported suffers from very serious shortcomings. Though
additional cations normally occupy the 2a site in most y-Bi,O; phases, in this case both Pb*"
and Bi’" ions have a lone electron pair and cannot be situated in the tetrahedral position.
Hence, it was necessary to move slightly these cations from 2a to 8c position with
x=0.013(3), as it was obtained by the refinement. This is accompanied by introducing an
oxygen vacancy resulting in a trigonal pyramidal environment of the 8c site.

Initially, the data were refined assuming that only Pb*" occupies a quarter of the 8¢
site with the Bi’* being confined to the 24f site. However, since the scattering power of Pb>"
and Bi*" ions is very similar it is difficult to obtain the true cation distribution over the 8¢
and 24f'sites, so the refinement was finished with both positions shared.

At the 24f site, the cations are surrounded by five O* ions making an irregular
square pyramid with a short apical Pb/Bi—O distance and a trapezoid-like base. Two
additional O* ions shared between adjacent pyramids are at longer distances, enclosing a
highly deformed split-octahedron and leaving the space for stereochemically active Pb/Bi
lone electron pair.

[1] A. D. Murray, C. R. A. Catlow, F. Beech, J. Dreenan, J. Solid State Chem., 62 (1986)
290-296
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Zahvaljujuéi svojim fizickim osobinama, koje su posledica necentrosimetri¢ne
kristalne resetke (prostorna grupa /23, br. 197), y-Bi,O; se koristi u razli¢itim oblastima
elektronike i1 akustike. Ova, inaCe metastabilna, faza moZe se stabilizovati na sobnoj
temperaturi dodatkom male koli¢ine razlicitih katjona.

U ovom radu ispitivana je mogucnost dobijanja monofaznog y-Bi,O; dopiranog
olovom, kao i njegova kristalna struktura. Sedam smesa o-Bi,0O5 (bismit) i PbO (masikot),
sa razli¢itim molskim odnosima, najpre su homogenizovane u ahatnom avanu, zatim
zagrevane do 750 °C i na kraju postepeno hladene u peci do sobne temperature. Samleveni
uzorci ispitani su metodom rendgenske difrakcije. Odreden je slede¢i fazni sastav
proizvoda:

=  polazni sastavi 1,67Bi,05-PbO i 2,75Bi,05-PbO dali su smesu y-Bi,03 i BigPbsO,7,

= sa polaznim sastavima 6Bi,O;'PbO, 12Bi,05-PbO, 18Bi,O3;-PbO i 19Bi,0;-PbO
dobijen je monofazni y-Bi,0;,

= polazni sastav 38Bi,03'PbO dao je smesu y- i a-Bi,O;.

Ritveldovom analizom y-Bi,03, dobijenog od polazne smese 12Bi,O;-PbO, odreden
je novi strukturni model za BiyPbO;;. Treba ista¢i da je struktura jedinjenja slicnog
sastava: Bi4Pb,Os5 ve¢ objavljena [1]. Ipak, visoki temperaturni faktori Pb*"/Bi* -jona koji
su bili smesteni u tetraedarsko mesto na 0,0,0 i ',%,% (Vikofov polozaj 2a) pokazuju da
raniji model ima velikih nedostataka. Iako u veéini y-Bi,O5 faza katjoni dopanta zauzimaju
polozaj 2a, u ovom sluéaju i Pb*"- i Bi*"~jon imaju slobodan elektronski par, pa se ne mogu
nalaziti u tretraedarskom okruzenju. Stoga je bilo neophodno minimalno izmestanje ovih
katjona iz polozaja 2a u polozaj 8¢ sa vrednos¢u x od 0,013(3) koja je dobijena
utacnjavanjem. To je praceno stvaranjem vakancije na mestu jednog kiseonika ¢ime se
dobija trigonalno-piramidalno okruzenje Pb*"/Bi**-jona.

Uta¢njavanje je zapodeto sa pretpostavkom da Pb*"-joni zauzimaju jednu &etvrtinu
8¢ polozaja, dok su Bi*'-joni iskljucivo smesteni u polozaj 241 Ipak, posto je mo¢ rasipanja
Pb*"- i Bi*'-jona veoma sli¢na, bilo je nemoguée dobiti taénu raspodelu katjona, tako da je
utaénjavanje zavrSeno uz pretpostavku da katjoni dele oba mesta.

Na mestu 24f, katjoni su okruzeni sa pet O*-jona ¢ime se formira nepravilna
kvadratna piramida sa trapezoidnom bazom i veoma kratkim rastojanjem izmedu Pb*"/Bi**-
i O’ -jona na vrhu piramide. Na veéem rastojanju nalaze se jo§ dva O”-jona koji povezuju
susedne piramide, ¢ime se stvara veoma deformisan ,,split-oktaedar” i dovoljno mesta za
stereohemijski aktivan slobodan elektronski par bizmuta, odnosno olova.

[1] A. D. Murray, C. R. A. Catlow, F. Beech, J. Dreenan, J. Solid State Chem., 62 (1986)
290-296
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UNUSUAL CATION-t INTERACTIONS. CATION-nt
INTERACTIONS WITH CHELATE RING AS © SYSTEM -
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Department of Chemistry, University of Belgrade, Studentski trg 16, 11000 Belgrade, SCG
e-mail: szaric@chem.bg.ac.yu

Noncovalent interactions involving metal atoms have gained particular attention
with the recognition that metal cations can bind to the phenyl ring, and the explanation of
this in terms of cation-w interaction.

Cationic transition metal complexes are involved in similar metal-ligand aromatic
cation-m interactions, where ligand coordinated to the transition metal interact with m-
systems. These MLAC-n interactons have been found in crystal structures of metalo-
proteins [1] and transition metal complexes [2].

Receantly, by screening Cambridge Structural Database (CSD) we found a number
of structures with C-H--- interactions where m-system of chelate ring is proton acceptor.
Calculated energy and geometry observed in crystal structures are comparable with C-H---nt
interactions where proton acceptor is organic aromatic ring [3].

We searched crystal structures of transition metal complexes from the CSD in
order to find specific cation-m interaction, interaction between simple matal cation and
chelate ring. Cation-m interactions were identified according to the very restrictive distance
and angle criteria. Although in the search we checked for 1%, 2" and 3" group cations, the
interactions were found only with alkaline metal cations ((Li", Na" and K"). Complexes
with different central metal atoms are involved in these cation-m interactions. There are
cases of the interactions with six membered and five membered chelate rings. To the best of
our knowledge this is the first study on cation-r interactions with chelate rings.

[1]S. D. Zari¢, D. Popovié¢, E. W. Knapp, Chem. Eur. J. 6, (2000), 213.

[2] M. K. Mil¢i¢, S. D. Zari¢, Eur. J. Inorg. Chem., (2004), 4327.

[3] V. B: Medakovi¢, M. K. Mil¢i¢, G. A. Bogdanovi¢, S. D. Zarié, J. Inorg. Biochem. 98,
(2004), 1867.
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NEOBICNE KATJON-1 INTERAKCIJE. KATJON-n INTERAKCIJE
SA HELATNIM PRSTENOM KAO =n SISTEMOM -
PROUCAVANJE BANKE PODATAKA

Milo$ Milci¢, Vesna Medakovi¢ i Snezana Zarié

Hemijski fakultet, Univerzitet u Beogradu, Studentski trg 16, 11000 Beograd, SCG
e-mail: szaric@chem.bg.ac.yu

Nekovalentne interakcije u koje su ukljuceni atomi metala privukli su posebnu
paznju kada je otkriveno da se katjoni metala vezuju za fenilni prsten. Ovo je objasnjeno
kao katjon-m interakcije.

Kompleksi prelaznih metala ucestvuju u metal-ligand aromatskim katjon-nt
interakcijama, u kojima ligand koordinovan za centralni metalni jon interaguje sa m-
sistemom. Ove MLAC-n interakcije su pronadene u kristalnim strukturama metaloproteina
[1] i kompleksa prelaznih metala [2].

Pretrazivanjem Kembridzske banke strukturnih podataka (CSD) pronasli smo
veliki broj struktura kompleksa prelaznih metala u kojima je m-sistem helatnog prstena
ukljuéen u C-H--m interakcije kao akceptor protona. Geometrije tih kompleksa kao i
vezivne energije izraCunate ab-initio metodama su iste kao i kod C-H---m interakcija u
kojima je organski aromati¢ni molekul akceptor protona [3]

Pretrazili smo strukture kompleksa prelaznih metala u CSD-u da bi pronasli
specifican tip katjon-n interakcija - interakcije izmedu jednostavnih jona metala i helatnog
prstena. Za pretrazivanje ovih interakcija koristili smo vrlo restriktivne kriterijume za
rastojanja i uglove. lako smo trazili interakcije sa katjonima iz prve, druge i tre¢e grupe
periodnog sistema, pronasli smo samo interakcije sa jonima alkalnih metala. Pronadene
katjon-m interakcije su ukljucivale komplekse sa razlic¢itim centralnim metalnim jonima kao
i razli¢ite SestoClane i petoclane helatne prstene. Koliko smo mi upoznati ovo je prvo
proucavanje katjon-r interakcija sa helatnim prstenima.

S. D. Zari¢, D. Popovi¢, E. W. Knapp, Chem. Eur. J. 6, (2000), 213-.

M. K. Miléi¢, S. D. Zarié, Eur. J. Inorg. Chem., (2004), 4327-.

V. B: Medakovi¢, M. K. Mil¢i¢, G. A. Bogdanovi¢, S. D. Zari¢, J. Inorg. Biochem. 98,
04), 1867.
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THE CRYSTAL STRUCTURE OF
K[Cr(S,S-eddp)(0x)]x0.5SH,O COMPLEXES

S. R. Trifunovi¢®, V. V. Glodjovi¢* and F. W. Heinemann"

“Faculty of Science, University of Kragujevac, R. Domanovic 12 P. O. Box 60, Serbia and
Montenegro; "Institut fiir Anorganische Chemie, Universitit Erlangen-Niirnberg,
Egerlandstrafie 1, D-91058 Erlangen, Germany,

e-mail: srecko@kg.ac.yu

The title compound was obtained in reaction of chromium(IIT)chloride
hexahydrate, ethylenediamine-N,N'-di-S,S-2-propinic acid and sodium-oxalate in molar
ratio 1:1:1.5 at 60° and pH = 5. The compound was crystallized as a semihydrate.

Crystallographic data: CoH;5CrKN,Og s, K[Cr(8S,S-eddp)(0x)]x0.5H,0,
M, =390.34, orthortombic system, space group P2,2,2 Z=4, F(000)=3800,
P = 1.772 g/cm, linear absorption coefficient z(MoKa) = 1.113 mm™, the lagest diff. peak
and hole Apy,x = 0.265 eA” and APin = - 0.278 eA>, GOOF = 0.947. Intensities of 3235
unique reflections are collected on a Bruker-Nonius-Kappa CCD diffractometer
[A(MoKa) = 0.71073 A] in the range 6.7° < 20 < 54.2°. Crystal size 0.23x0.18x0.14 mm,
irregular crystal shape and red colour. Unit cell dimensions: a=8.1756(6),
b =126.623(2), c =6.7215(7) A, V= 1463.0(2) A*.

The structure was solved and refined using the program SHELXTL NT 6.12
(Bruker AXS, 2002) 18775 independent reflections R;=2.95% for 3235
1> 20(I), Rw, = 6.04% (refinement on F~) for all reflections and 249 refined parameters.
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KRISTALNA STRUKTURA
K[Cr(S,S-eddp)(0x)]x0.5H,O KOMPLEKSA

S. R. Trifunovi¢?, V. V. Glodjovi¢?, F. W. Heinemann"
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60, SCG, "Institut za neorgansku hemiju, Univerzitet Erlangen-Niirnberg, Egerlandstrafe
1, D-91058 Erlangen, Nemacka

e-mail: srecko@kg.ac.yu

Kompleks K[Cr(S,S-eddp)(0x)]x0.5H,0 dobijen je u reakciji etilendiamin-N,N -
di-S,S-2-propionske kiseline (S,S-eddp), hrom(III)hlorida heksahidrata (CrCl;x6H,0) i
natrijum-oksalata u molskom odnosu 1:1:1.5. pri pH = 5 i na temperaturi od 60°C.
Kompleks kristalise kao semihidrat.

Kristalografski podaci za dobijeni kompleks: C;oH;sCrKN,Og5, K[Cr(S,S-
eddp)(0x)]x0.5H,0, M, = 390,34, rombicni sistem, prostorna grupa P2,2,2, Z=4,
F(000) =800, p, = 1,772 g/em, p(MoKa) = 1,113 mm™ sa Appa = 0,265 i Appin = -
0,278 eA>, GOOF = 0,947. Intenziteti 3235 pojedinacnih refleksija izmereni su pomocu
Bruker-Nonius-Kappa CCD difraktometra [A\(MoKa) = 0.71073A] u opsegu 6,7° < 20 <
54,2°. Dimenzije kristala su 0,23x0,18x0,14 mm, dok su parametri jedini¢ne éelije: a =
8,1756(6), b =26,623(2), ¢ = 6,7215(7) A, V= 1463,02) A°.

Struktura je reSena i uta¢njena koris¢enjem programa SHELXTL NT 6.12 (Bruker
AXS, 200) za 18775 nezavisnih refleksija, R; = 2,95% za 3235 refleksija sa I>20([), wR, =

6,04% za sve refleksije 1 249 utacnjavanih parametara.
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CRYSTAL PHASES WITH HIGH BI-CONTENT IN BI,03-V,05
SYSTEM AND THEIR TRANSFORMATIONS INDUCED BY
THERMAL TREATMENT

A. HadZi-Tonié*, Lj. Karanovi¢®, D. Poleti®, I. Petrovié-Prelevi¢®

“ Faculty of Technology and Metallurgy, Karnegijeva 4, Belgrade, Serbia and Montenegro
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The possibility to obtain single-phase products of the composition: 12Bi,03-V,0s
(Bi:V ratio equal to 12, sample “BiV-12"), 12Bi,05:0.8V,05 (Bi:V = 15, sample “BiV-15”)
and 12Bi,0;:0.4V,05 (Bi:V =30, sample “BiV-30") was investigated. The products were
prepared by high temperature solid state reactions and characterized by XRPD, SEM, and
DTA.

The addition of V,0s into a-Bi,O; causes the stabilization of metastable y-BiyOs
phase down to the room temperature. For the achievement of almost single y-Bi,0O; phase in
the sample BiV-12, the annealing at 750 °C for 3 h was required. The final composition
was the mixture of y-Bi,Os3 [a, = 10.2262(3) A] as a predominant phase, some §-Bi,Os-like
phase and traces of a-Bi,0;. After the same heat treatment, the BiV-15 sample showed the
pattern typical for single y-Bi,O3 phase [a, = 10.2251(3) A], but in the BiV-30 sample two
isostructural y-Bi,O; phases [a, = 10.2310(7), a,, = 10.260(1) A] in approximately equal
amounts were found.

Since the single-phase product was obtained only for the BiV-15, this sample was
further treated at higher temperatures. After heating above the melting point (919 °C), 8-
Bi,0;-like structures appeared. All main XRPD peaks correspond to a cubic 6-Bi,O;, but
the presence of several weak reflections at low 20 angles that cannot be indexed on the
cubic lattice indicated lowering of symmetry and suggested that the true cell may be a
superlattice based on pseudo-fcc subcells. Thus, the lattice parameters of &,-BiyOs
superstructure are a = 11.7957(2), ¢ =28.298(1) A in space group R3m. Detailed XRPD
studies showed that in addition to the cubic 8-Bi,O; and rhombohedral 6,-Bi,O; some
amount of tetragonal B-Bi,O; phase, with a = 7.7668(3) and ¢ = 5.6089(3) A, is present as
well.As shown by cyclic DTA curves, when products BiV-12 and BiV-15 are heated the
v-Bi,03; — 8-Bi,0O; transition occurs in one step at 774 and 778 °C, respectively, but on
heating of the BiV-30 sample this transition occurs in two steps at 731 and 760 °C. The first
value corresponds well to the transition of pure y-Bi,O;, while the second one could be
ascribed to the transition of V-doped y-Bi,0; phase. On cooling the & — v transition occurs
at 714 - 690 °C for the first two products, but for the third it takes place again in two steps
at 688 and 684 °C, probably because the ©6-Bi,Os-like phase transforms into two
v-B1,0; phases. After heating above the melting point this 6 — y transition was not
observed. On heating, the 5-Bi,O; phase remains up to 430 °C when again transforms to
’Y-BizO:;.

The results of EDS analysis revealed that the V content in BiV-15 sample is 1.65(10)
% (calc. 1.42 %), while in BiV-30 sample is 0.84(2) and 0 % for y, and 7y, phase,
respectively.
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U ovom radu proucavana je moguénost dobijanja jednofaznih proizvoda polazeéi od
smeSa sledecih sastava: 12Bi,0;-V,05 (odnos Bi:V jednak je 12, uzorak ,BiV-127),
12Bi,05:0,8V,05 (Bi:V =15, uzorak ,BiV-15”) i 12Bi,05:0,4V,05 (Bi:V =30, uzorak
,»,B1V-30"). Proizvodi su dobijeni visokotemperaturnom reakcijom u ¢vrstom stanju, a
karakterizacija je izvrSena rendgenskom difrakcijom, SEM i DT analizom.

Metastabilan y-Bi,0O; moze se na sobnoj temperaturi stabilizovati razlicitim
dopantima pa, samim tim, i dodatak V,0s u a-Bi,O;, dovodi do njegove stabilizacije.
Zagrevanjem uzorka BiV-12 tokom 3 h na 750°C nastala je smeSa y-Bi,O;
[a,=10.2262(3) A], kao glavne faze, i faze sa strukturom §-Bi,Os, uz tragove a-Bi,O;.
Nakon istog termi¢kog tretmana, BiV-15 daje &istu y-Bi,Os fazu [a, = 10,2251(3) A], dok
su kod uzorka BiV-30 dobijene dve izostrukturne
y-Bi,05 faze [a, = 10,2310(7), a,» = 10,260(1) A] u priblizno jednakom masenom odnosu.

S obzirom na to da je samo uzorak BiV-15 dao jednu fazu, on je dalje termicki
tretiran na viSim temperaturama. Posle zagrevanja iznad temperature topljenja (919 °C), pri
hladenju nastaje faza sa strukturom 6-Bi,O;. Glavni pikovi na difraktogramu ove faze
odgovaraju 8-Bi,03, ali se javlja i nekoliko slabih pikova na malim 20 uglovima, koji se ne
mogu pripisati teseralnoj strukturi. To ukazuje na pojavu romboedarske superstrukture koja
u osnovi ima povrsinski centriranu teseralnu celiju. Parametri §,-Bi,O; superstrukture su:
a=11,7957(2) i ¢=28,298(1) A (prostorna grupa R3m). Detaljno proucavanje
difraktograma pokazalo je da pored teseralne i romboedarske 6,-faze, postoji i mala koli¢ina
tetragonalne B-Bi,O; faze sa a = 7,7668(3) i ¢ = 5,6089(3) A.

DT analizom utvrdeno je da se pri zagrevanju proizvoda nastalih od polaznh smesa
BiV-12 i BiV-15, prelaz y-Bi,O; — 8-Bi,0O; odigrava u jednom koraku na 774, odnosno
778 °C, dok se pri zagrevanju proizvoda nastalih od uzorka BiV-30 ovaj prelaz odvija u dva
koraka, na 731 i 760 °C. Prva temperatura vrlo verovatno odgovara prelazu nedopirane
v-Bi,0; faze, a druga bi se mogla pripisati prelazu y-Bi,O; faze dopirane vanadijumom. Pri
hladenju prva dva reakciona proizvoda, 6 — y prelaz se javlja u intervalu 714 - 690 °C, dok
se kod tre¢eg proizvoda on opet odvija u dva koraka, na 688 i 684 °C, jer se 5-Bi,O;
verovatno transformiSe u dve y-Bi,O; faze. Prelaz & — y ne javlja se posle zagrevanja iznad
temperature topljenja. Zagrevanjem tako dobijene 6-Bi,O; faze, ona se na 430°C
transformise u y-Bi,0;.

EDS analizom utvrdeno je da sadrzaj vanadijuma u proizvodu BiV-15 iznosi
1,65(10) % (izracunato 1,42 %), dok u BiV-30 on iznosi 0,84(2) za y;- 1 0 % za y,-fazu.
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Ligands coordinated to metal cation can be involved in noncovalent interactions
with aromatic moleculs. These interactions are called metal ligand aromatic cation-wt
(MLACT) interactions [1,2]. Water molecule coordinated to a metal can interact with
phenyl group producing some of the shortest X-H...n interactions [3].

Analysis of crystal structures obtained from Cambridge Structural Database (CSD)
indicate that there are two types of interactions between coordinated water molecule and
phenyl group. In the first type of interactions, hydrogen atom donor is coordinated water
molecule and hydrogen atom acceptor is m-system of the phenyl group (Figure 1a). These
are MLACT interactions. In the second type of interactions phenyl group is hydrogen atom
donor and oxygen atom from coordinated water molecule is hydrogen atom acceptor
(Figure 1b). These are C-H---O interactions.

[a] [b]

MLACT [a] and C-H...O [b] interactions between coordinated water molecule and phenyl
group.

[1]S. D. Zarié, Chem. Phys. Lett. 311 (1999), , 77.
[2] S. D. Zari¢, D. Popovié, E. W. Knapp, Chem. Eur. J. 6, (2000), 213.
[3] M. K. Mil¢i¢, Z. D. Tomi¢, S. D. Zari¢, Inorg. Chim. Acta, 357, (2004), 4327.
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Ligandi koordinovani za metal mogu da grade nekovalentne interakcije sa
aromati¢nim prstenima. Ove interakcije su nazvane metal ligand aromaticne katjon-m
(MLACHT) interakcije [1,2]. Voda koordinovana za metal gradi neke od najkra¢ih X-H...n
interakcija [3].

Analiza geometrijskih parametara u kristalnim strukturama dobijenim iz
Kembridzske banke strukturnih podataka (CSD), ukazuje na postojanje dva tipa interakcija
izmedu koordinovanog molekula vode i fenilne grupe. U jednom tipu interakcija, donor
vodonikovog atoma je koordinovani molekul vode, a akceptor je m sistem fenilne grupe
(slika 1.a), i to su MLACn interakcije. Kod drugog tipa interakcija donor vodonikovog
atoma je fenilna grupa, a akceptor je koordinovani molekul vode (slika 1.b). Ovo su C-
H...O interakcije.

[a] [b]
Slika 1. Prikaz MLACn [a] i C-H...O [b] interakcija izmedju koordinovanog molekula
vode i fenilne grupe

[1] S. D. Zari¢, Chem. Phys. Lett. (1999), 311, 77.
[2] S. D. Zari¢, D. Popovié¢, E. W. Knapp, Chem. Eur. J. (2000), 6, 213.
[3] M. K. Mil¢i¢, Z. D. Tomié, S. D. Zarié, Inorg. Chim. Acta, 357, (2004), 4327-4329.
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Porphyrin molecule and derivatives of porphyrine possess four pyrrole rings with
delocalized m-systems. When porphyrin is coordinated to a metal as a tetradentate ligand,
additional for six-membered chelated rings with delocalized m-bonds are formed. In our
previous study [1], we have shown that these chelate ring n-systems of the coordinated
porphyrin can be involved in C—H---n interactions.

The fact that porphyrin possess two different types of rings with delocalized m-
bonds, pyrrole and six-membered chelate, prompted us to study and compare C—H---nt
interactions for both of them. In order to determine preferred positions in porphyrinato ring
for C—H---m interactions we have chosen fifteen different points distributed over porphyrin
ring and analyzed each of them.

The Cambridge Structural Database (CSD) was screened in order to find C-H---n
interactions with five and six-membered chelate rings with delocalized bonds. Statistical
analysis shows that there are differences in distributions of the geometrical parameters,
depending on the substituents on porphyrinato ring and on the position in the porphyrin
ring. In order to determine the interaction energy for C—H:--x interactions with five or six-
membered ring of coordinated porphyrin, density functional theory (DFT) calculations have
been done for the [Ni(por)]-C,H, system where the hydrogen atom of the acetylene
interacts with the pyrrole or six-membered chelate ring of porphyrin. To investigate the
influence of substituents of porphyrinato ring, DFT calculations have been done on three
different model systems: (i) with nonsubstituted porphyrinato ring; (ii)) with
dimethylporphyrinato ring, where two hydrogen atoms from the fivemembered pyrrole ring
were substituted with methyl groups; (iii) with phenylporphyrinato ring, where one
hydrogen atom from the six-membered chelate ring were substituted with the phenyl group.

[1] V.B. Medakovi¢, M. K. Mil¢i¢, G. A. Bogdanovic¢, S. D. Zari¢, J. Inorg. Biochem., 98
(2004), 1867-1873
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Molekul porfirina i negovi derivati sadrze Cetiri pirolova prstena sa
delokalizovanim m-vezama. Kada se porfirin koordinuje za metal kao tetradentatni ligand,
dodatno se formiraju Cetiri SestoClana helatna prstena sa delokalizovanim n-vezama. NaSa
prethodna istrazivanja [1] pokazala su da m-sistemi ovih helatnih prstenova koordinovanog
porfirina, mogu biti ukljuceni u C—H:--x interakcije.

Zbog cCinjenice da koordinovani porfirin poseduje dva razlicita tipa prstenova sa
delokalizovanim m-vezama, pirolov i SestoCani helatni prsten, proucavane su i poredene
C-H---m interakcije za svaki od njih. Da bi odredili preferentne polozaje u porfirinskom
prstenu za C-H--7 interakcije izabrali smo petnaest tacaka rasporedenih na razlicitim
mestima u porfirinskom prstenu i analizirali svaku od njih.

U cilju pronalazenja C—H---mw interakcija sa petoclanim i Sestoclanim helatnim
prstenovima pretraZzena je Kembridzska baza podataka (CSD). Uradena je statisticka
analiza koja pokazuje razliku u raspodeli geometrijskih parametara, zavisno od prisustva
supstituenata na porfirinskom prstenu i polozaja posmatrane tacke u prstenu. Da bi
izracunali energiju za C—H---w interakcije sa peto¢lanim ili Sesto¢lanim helatnim prstenom
koordinovanog porfirina, uradeni su DFT prorac¢uni na model sistemu [Ni(por)]-C,H, gde
atom vodonika iz acetilena interaguje sa pirolovim ili Sestoclanim helatnim prstenom. Da bi
ispitali uticaj supstituenata na porfirinskom prstenu na ovaj tip interakcija, uradeni su DFT
proracuni na tri razli¢ita model sistema: (i) sa nesupstituisanim porfirinskim prstenom; (ii)
sa dimetilporfirinskim prstenom u kome su dva atoma vodonika iz peto¢lanog pirolovog
prstena zamenjena sa dve metil grupe; (iii) sa fenilporfirinskim prstenom, u kom je jedan
atom vodonika iz Sestoc¢lanog helatnog prstena zamenjen fenil grupom.

[1] V. B. Medakovi¢, M. K. Mil¢i¢, G. A. Bogdanovi¢, S. D. Zari¢, J. Inorg. Biochem., 98
(2004), 18671873
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The use of cyclodextrin (CD) in complexing of various drugs has been extensively
studied during the last few years [1]. Cyclodextrin is a cyclic oligosaccharide with the
possibility of total or partial inclusion in its hydrophobic cavity, with broad variety of guest
molecules with which it forms the inclusion complex [2]. B-blockers as atenolol are
characterized by their weak solvability in water solutions of the digestion tract, so their
inclusion complexes with CD are often produced to obtain better solvable drug [3]. The
aim of this paper is to prove the formation of atenolol/B-CD inclusion complex in the solid
state by using X-ray Diffraction (XRD) method.

Racemic atenolol (AT) is complexed with B-cyclodextrine (B-CD) and with 2-
hydroxipropil-p-cyclodextrin (2-HP-B-CD). Inclusion complexes are formed and their
physical mixtures produced. Powder data are recorded at the powder diffractometer Philips
PW1050 using CuK, radiation (A=1.54178 A) within the range 20=5-65° with step 0.05°
and exposition time 5 s.

The results of XRD analysis show the difference of the diffraction spectrum of the
inclusion complex of atenolol/B-CD and atenolol/2-HP-B-CD and their physical mixtures.
This result indicates that atenolol molecule is built-in into the cavity of B-cyclodextrin and
that the diffractograme of the inclusion complex retained the corresponding peaks, i.e. the

dimensions and the symmetry of the crystal lattice of the host B-cyclodextrin(PDF-32-
1627). In the other complex with a derivative of cyclodextrin (2-HP-B-CD) as the host ,
higher sample crystallinity was noticed and a good agreement of the diffractogram of the
host and inclusion complex. One can notice in the XRD spectrum of the physical mixture
besides the host peaks also the peaks of the pure atenolol (PDF 41-1657, 26 (°)=6.305;
9.476; 20.362; 22.053).

The application of XRD for the confirmation of the inclusion of the molecule of -
blocker in B-cyclodextrine has also some deficiencies since the synthesized sample might
be partially amorphous. In this case, the final confirmation of the inclusion can be provided
only by the additional analyses in the solid state like NMR and DSC.

[1] K.H.Frommming, J. Szejtli (Eds.), Cyclodextrines in Pharmacy, Kluwer, Dordrecht, (1994),
pp-105-115

[2] G.AJeffrey, An Introduction to Hydrogen Bonding, Oxford University Press, (1997), pp 154-181
[3] R. Ficarra, P.Ficarra, M.R-Di Bella, D.Raneri, S.Tommasini, M.L.Calabro, M.C.Gamberini,
C.Rustichelli, Journal of Pharmaceutical and Biomedical Analysis, 23 (2000) 33-40.
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Koris¢enje ciklodekstrina (CD) u kompleksiranju razli¢itih lekova veoma se
mnogo izucava poslednjih godina [1]. Ciklodekstrin je cikli¢ni oligosaharid sa moguénoscu
potpune ili parcijalne inkluzije u njegovu hidrofobnu Supljinu, sa Sirokom raznoliko$éu
gostujuceg molekula sa kojima formira inkluzioni kompleks [2]. B-blokeri kao atenolol su
karakteristi¢ni po slaboj rastvorljivosti u vodenim rastvorima probavnog trakta i Cesto se
prave njihovi inkluzioni kompleksi sa CD da bi se dobio bolje rastvorljiv lek [3]. Cilj ovog
rada je da se dokaze formiranje atenolol/B-CD inkluzinog kompleksa u ¢vrstom stanju
primenom metode rendgenske difrakcije.

Racematski atenolol (AT) je kompleksiran sa B-ciklodekstrinom (B-CD) i sa 2-
hidroksipropil-p-ciklodekstrinom (2-HP-B-CD). Formirani su inkluzioni kompleksi i fizicke
smeSe ovih jedinjenja. Rendgenogrami praha su nacinjeni sa difraktometrom za prah
Philips PW1050 koris¢enjem CuK, zracenja (A=1,54178 A) u intervalu 26=5-65° sa
korakom 0,05° i viemenom ekspozicije od 5 s.

Rezultati XRD analize pokazuju razliku difrakcionog spektra inkluzionog
kompleksa atenolola/B-CD i atenolol/2-HP-B-CD 1 njihovih fizickih smeSa. Dobijeni
rezultat ukazuje na to da se molekul atenolola ugradio u Supljinu B-ciklodekstrina i da je
difraktogram inkluzionog kompleksa zadrzao odgovarajuce pikove, odnosno priblizne
dimenzije i simetriju kristalne reSetke domaédina pB-ciklodekstrina (PDF-32-1627). U
drugom kompleksu u kojem je domacin derivat ciklodekstrina (2-HP-B-CD) uocena je veca
kristali¢nost uzorka i dobro slaganje difraktograma domacina i inkluzionog kompleksa. U
XRD spektru fizicke smeSe moze se uociti osim pikova koji pripadaju domacinu i pikovi
Cistog atenolola (PDF 41-1657, 20 (°)= 6,305; 9,476; 20,362; 22,053).

Primena XRD za potvrdivanje inkluzije molekula B-blokatora u B-ciklodekstrinu
ima svoje nedostatke jer dobijeni uzorak moze biti sintetisan delimi¢no amorfan. U tom
sluc¢aju konac¢nu potvrdu o inkluziji mogu dati samo dodatne analize u ¢vrtom stanju kao
$to su NMR i DSC.

[1] K.H.Frommming, J.Szejtli (Eds.), Cyclodextrins in Pharmacy, Kluwer, Dordrecht, (1994),
pp-105-115.

[2] G.AJeftrey, An Introduction to Hydrogen Bonding, Oxford University Press, (1997), pp 154-181.
[3] R. Ficarra, P.Ficarra, M.R-Di Bella, D.Raneri, S.Tommasini, M.L.Calabro, M.C.Gamberini,
C.Rustichelli, Journal of Pharmaceutical and Biomedical Analysis, 23 (2000) 33-40.
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As a part of the project organized by the Serbian Crystallographic Society three
data sets were collected on single crystal diffractometers from three companies: Oxford
Diffraction (Oxford, Xcalibur, Sapphire 3), Rigaku/MSC Inc (Rigaku, R-axis Spider) and
Bruker AXS (SMART 1K CCD).

Main goal of this project was to reach relevant conclusions about capability of
tested instruments for application in experimental charge density studies. For this purpose it
was necessary to prepare excellent single crystals and to collect high-resolution low-
temperature diffraction data with high redundancy and the highest possible quality. Very
good single crystals of (Benzoylacetone 3-methylisothiosemicarbazonato(2-)-
O,N',N*)(pyridine-N)nickel(I) [1] were provided by prof. Leovac and preliminary tested
on a Enraf-Nonius CAD-4 diffractometer in the Vinca Intitute of Nuclear Sciences.

Data from tested diffractometers (Oxford, Rigaku and Bruker) are compared using
different crystallographic criteria. Therefore we would like to inform our crystallographic
community believing that the results of this analysis could be useful for a future purchase of
a new area detector diffractometer in our country.

[1] G. A. Bogdanovié, A. Spasojevié-de Bire, V. M. Leovac and V. Cesljevié; Acta Cryst.
C55(1999) 1656-1658.
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Kao deo projekta organizovanog od Srpskog kristalografskog drustva prikupljene
su tri grupe podataka na difraktometrima za monokristale od tri razli¢ita proizvodaca:
Oxford Diffraction (Oxford, Xcalibur, Sapphire 3), Rigaku/MSC Inc (Rigaku, R-axis
Spider) and Bruker AXS (SMART 1K CCD).

Najvazniji cilj ovog projekta bio je testiranje navedenih instrumenata na
mogucénost njihove primene u eksperimentalnom odredivanju gustine naelektrisanja u
kristalnim strukturama. Za ovakvu namenu bilo je neophodno pripremiti monokristale
odlicnog kvaliteta i uraditi prikupljanje difrakcionih podataka sa puno ekvivalentnih
refleksija dobijenih difrakcijom rendgenskog zracenja na niskoj temperaturi. Profesor
Leovac je obezbedio monokristale (3-metilizotiosemikarbazon-benzoilacetonato(2-)-
O,N',N*)(piridin-N)nikla(IT) [1] veoma dobrog kvaliteta i oni su preliminarno testirani na
difraktometru Enraf-Nonius CAD-4 u Institutu za nuklearne nauke ,, VINCA*,

Podaci za sva tri testirana difraktometra (Oxford, Rigaku i Bruker) analizirani su
njihovim medusobnim poredenjem uz koriS¢enje razlicitih kristalografskih kriterijuma.
Verujuéi da rezultati ove analize mogu biti od koristi za buduéu nabavku novog
difraktometra za monokristale u nasoj zemlji, mi Zelimo da na ovaj nacin informiSemo nase
kolege kristalografe.

[1] G. A. Bogdanovi¢, A. Spasojevié-de Bire, V. M. Leovac and V. Ce§ljevi¢; Acta Cryst.
C55(1999) 1656-1658.
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Hydrogen bonds, salt bridges and hydrophobic interactions are considered to be the major
determinants of structural stability of proteins. However, recent studies showed that weaker
interactions such as N-H---m, O-H---n, C-H---w, and C-H---O also play a role in protein
stability. Non-conventional interactions have also influence on orientations of imdazoles
coordinated to the heme [1,2].

For this study, the Protein Data Bank (PDB) Select October 2004 list of non-redundant
protein chains (25% threshold version, 2485 protein chains and 388067 amino acid
residues) was used to examine systematically the occurrence and the role of X-H:--mt-
interactions in heme-protein structures. The following criteria were employed to assemble
the set: (1) no theoretical model structures and no NMR structures were accepted, (2) only
crystal structures with a resolution of 3.0 A or better and a crystallographic R-factor of
25.0% or lower were accepted, (3) crystal structures containing porphyrin were accepted.
The significant number of interactions with © system of five-membered pyrrole rings and
with 7t system of six-membered chelate rings were founded to satisfy selection criteria. H-
atom donors can be C*-H, C,;-H, C,,-H and N-H. The number of C-H---n-interactions is
much larger than the number of N-H---n-interactions. The list of C,;-H with five-membered
rings contains more hydrophobic residues, which is probably due to the fact that these
interactions are, on average, closer to the interior of the protein. Analysis of average
distances for C,; and C,,, of C-H---x interactions indicate that C,; makes interactions with
shorter distances. Another interesting observation is the possibility of C-H(porphyrin)
donor groups to exhibit an interaction between five-membered rings from another
porphyrine group in proteins and its own side-chain groups (involving hydrogen atoms
from methyl and propionyl groups). Amino acids involving in X-H---n-interactions shows
significant conservation score. The number of these interactions as well as conservation of
amino acids indicates importance of X-H---w-interactions in heme-protein stability.

[1] S.D. Zari¢, D. M. Popovi¢, E. W. Knapp, Biochemistry 40 (2001), 7914-7928
[2] V.B. Medakovié, S. D. Zarié, Inorg. Chim. Acta 349 (2003), 1-5
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Vodoni¢ne veze, soni mostovi i hidrofobne interakcije smatraju se glavnim faktorom
stabilnosti strukture proteina. Medutim, nedavna ispitivanja pokazuju da slabije interakcije,
kao $to su N-H---m, O-H---n, C-H---n i C-H---O, takode ucestvuju u stabilnosti proteina.
Nekonvencionalne interakcije uticu i na orijentacije imidazola koordinovanih za hem [1,2].
Za ispitivanje pojave i uloge X-H:--n-interakcija u hem-proteinskim strukturama koris¢ena
je proteinska baza podataka (PDB Select) iz oktobra 2004. godine, ne-redundantna lista
(verzija 25%) koja sadrzi 2485 proteinskih lanaca i 388067 aminokiselinskih ostataka.
Primenjeni su slede¢i kriterijumi za sastavljanje skupa: (1) nisu prihvaceni teorijski modeli
i NMR strukture, (2) samo su prihvaéene kristalne strukture sa rezolucijom 3.0 A ili boljom
i kristalografskim R-faktorom 25.0% ili nizim, (3) obuhvacene su kristalne strukture koje
sadrze porfirinski prsten.

Pronaden je znacajan broj interakcija sa © sistemom petoclanih pirolovih prstena i sa w
sistemom Sestoclanih helatnih prstena koji zadovoljavaju geometrijske kriterijume za X-
H:--n-interakcije. H-atom kao donor moze biti C*-H, Cy;-H, Cuo-H 1 N-H. Broj C-H--rt-
interakcija je znatno veéi od N-H---m-interakcija. Lista interakcija C,;-H sa petoclanim
prstenima sadrzi vise hidrofobnih ostataka, verovatno zbog ¢injenice da su ove interakcije,
u proseku, blize unutraSnjosti proteina. Analiza srednje distance za C,; 1 C,o C-H-m
interakcije pokazuje da C,; gradi interakcije sa kra¢im distancama. Interesantno zapazanje
je moguénost da metil grupe i propionat grupe, koje su vezane za jedan porfirinski prsten,
interaguju sa petoclanim prstenima drugih porfirina u istom proteinu. Aminokiseline koje
uCestvuju u X-H--m-interakcijama sa porfirinskim prstenom  pokazuju znacajnu
konzervativnost. Broj ovih interakcija, kao i konzervativnost aminokiselina ukazuju na
znacéaj X-H---nm-interakcija u stabilnosti hem-proteina.

[1] S.D. Zari¢, D. M. Popovi¢, E. W. Knapp, Biochemistry 40 (2001), 7914-7928
[2] V.B. Medakovié, S. D. Zarié, Inorg. Chim. Acta 349 (2003), 1-5
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Square-planar complex, [Ni(L-H)Py](NO;), (L = 2-hydroxy-1-naphthaldehyde S-
methylisothiosemicarbazone) was obtained from 1:1 molar ratio of Ni(NO;),:6H,O and
ligand L in warm methanol solution. After complete dissolution of ligand, pyridine was
added.

Figure 1. A view of the molecular
structure of [Ni(L-H)Py](NOs;), with the
non-hydrogen atom-labelling scheme.
Displacement ellipsoids are drawn at the
50% probability level.

[Ni(L-H)Py](NO;3) complex crystallizes with two independent molecules in the
asymmetric unit. The independent molecules have very similar geometrical parameters, but
they distinguish only in the orientation of coordinated pyridine. The result of X-ray analysis
indicate that the crystal structure of [Ni(L-H)Py](NO;) complex (Figure 1.) consists of
complex cation [Ni(L-H)Py]" and of nitrate anion (NO;). Tridentate ONN ligand L is
coordinated as a monoanion of 2-hydroxy-1-naphthaldehyde S-
methylisothiosemicarbazone, forming two condensed chelate rings (five-membered and six-
membered).

In the crystal packing exist numerous hydrogen bonds of N-H-O and C-H--O
type. There is only one intramolecular hydrogen bond, C18-H--Ol, while the other
hydrogen bonds are with participation of the O atoms from nitrate anion, as a proton
acceptor. Analising the existence of other noncovalent interactions, we have also found the
m---1 interactions, which occur between five-membered chelate ring and naphthalene ring,
and between six-membered chelate rings of symmetry equivalence.

Crystallographic data: formula C,sH;;NsNiO,S, triclinic, space group Pl, a =
8.255(3), b = 14.151(2), ¢ = 17.540(3) A, a = 70.580(10), B = 84.01(2), y = 83.00(2)°, V =
1913.52 A3, #(Mo Ka) = 1.160 mm?, Mo Ko radiation, Enraf-Nonius CAD-4
diffractometer, Gaussian absorption correction. Structure was solved using the SHELXS97
program and was refined by SHELXL97 to a residual R-factor of 3.75 % for 6417
reflections with I>2o(1).
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Kvadratno-planarni kompleks, [Ni(L-H)Py](NO3), (L = S-metilizotiosemikarbazon
2-hidroksi-1-naftaldehida) je dobijen reakcijom toplog metanolnog rastvora Ni(NOs),-6H,0O
i liganda L u molskom odnosu 1:1. Nakon potpunog rastvaranja liganda, toplom rastvoru je
dodat piridin.

Slika 1. Prikaz molekulske strukture
[Ni(L-H)Py](NO;) sa oznakama nekih
nevodonicnih atoma. Anizotropni
termalni elipsoidi su prikazani sa 50 %
stepenom verovatnoce.

[Ni(L-H)Py](NO;) kompleks kristaliSe sa dva nezavisna molekula u asimetri¢noj
jedinici. Nezavisni molekuli imaju slicne geometrijske parametre i razlikuju se samo u
orijentaciji koordinovanog piridina. Rezultati rendgenske strukturne analize su pokazali da
se kristalna struktura [Ni(L-H)Py](NO;) kompleksa (Slika 1.) sastoji od kompleksnog
katjona [Ni(L-H)Py]" i anjona (NO;). L ligand se u kompleksu [Ni(L-H)Py](NO;)
koordinuje tridentatno (ONN), kao monoanjon S-metilizotiosemikarbazon 2-hidroksi-1-
naftaldehida, gradec¢i dva kondenzovana helatna prstena (petoclani i Sestoclani).

U kristalnom pakovanju su prisutne brojne vodoni¢ne veze N-H--O i C-H---O tipa.
Postoji samo jedna intramolekulska C18-H--O1 vodoni¢na veza, dok su sve ostale
vodoni¢ne veze sa uceS¢em atoma O iz nitratnog jona kao akceptora vodonika.
Analiziraju¢i prisutnost drugih nekovalentnih interakcija nadene su i -7 interakcije, koje
postoje izmedu peto¢lanog helatnog prstena i naftalenskog prstena, kao i izmedu Sesto¢lanih
helatnih prstenova molekula u simetrijski ekvivalentnim polozajima.

Kristalografski podaci: CigH;7NsNiO,4S, trikliniéni kristalni sistem, prostorna

grupa P1, a = 8.255(3), b = 14.151(2), ¢ = 17.540(3) A, o = 70.580(10), S = 84.01(2), y =
83.00(2)°, ¥ =1913.52 A%, u(Mo Ka) = 1.160 mm™', Mo Ka zraéenje, Enraf-Nonius CAD-4
difraktometar, korekcija za absorpciju: Gausovska. Struktura je reSena pomocéu programa
SHELXS97 i uta¢njena progrmom SHELXL97 do finalnog R-faktora od 3,75 % za 6417
refleksija sa [>2o(1).
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Synthetic feldspar phases are materials with interesting electric, dielectric and
thermal properties. Sr- and Ba- feldspars are intensively investigated. These phases could
be synthesized from oxides, by sol — gel procedures, or by thermal transformations of Sr-
and Ba- exchanged zeolites. Thermally induced phase transformation of Sr- and Ba-
zeolites leads to pure Sr- and Ba- feldspars.

Figure 1: Sr-feldspar structure obtained at 1500°C

XRPD spectra of Sr-feldspar samples, obtained by thermal treatment of Sr-FAU
zeolite at various temperatures (1100 °C, 1200 °C and 1500 °C), have been recorded on
powder diffractometer and the structures have been refined by Rietveld method. Structural
models have been calculated in the space group 12/c (No. 13). During the thermal treatment
of the sample, after the transition through an amorphous phase, two crystal phases appear:
Sr-hexacelsian [1] and Sr-feldspar [2]. The refinement shows that the amount of Sr-feldspar
in the mixture increases with the temperature. At 1500 °C, only Sr-feldspar is present in the
sample. Crystal structure of Sr-feldspar obtained at 1500 °C is shown in the figure 1. The
structure model is refined to the good agreement (value of Bragg R-factor is around 7%,
and value of y* is around 9). The Sr-feldspars structures are characterized with vacancies in
the position occupied by the Sr*" ion.

[1] A. Kremenovi¢, P. Norby, R. Dimitrijevi¢, V. Dondur, Solid State Ionics, 101, (1997),
611-618

[2] P. Benna, E. Bruno, American Mineralogist, 86, (2001), 690-696
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Feldspatske faze dobijene razli¢itim sintetickim metodama su materijali sa veoma
interesantnim elektri¢nim, dielektricnim i termalnim osobinama. Medu najzanimljivije faze
ovog tipa mogu se ubrojiti Sr- i Ba- feldspati. Oni mogu biti dobijeni sintezom iz oksidnih
faza, sol — gel sintezom, kao i drugim metodama. Ukoliko se krene od zeolita odredene
strukture i stehiometrije, moZe se jonskom izmenom ugraditi Sr*" jon. Ako se zatim
dobijeni zeolit termalno tretira, ovako dobijene faze mogu biti izuzetne Cistoce.

Slika 1. Struktura Sr-feldspata dobijenog zarenjem na 1500°C

Uzorci Sr-feldspata, dobijeni termalnom obradom Sr-FAU zeolita na razli¢itim
temperaturama (1100 °C, 1200 °C i 1500 °C), snimljeni su na rendgenskom difraktometru
za prah i strukture su utanjavane primenom Ritveldove metode. Strukturni modeli su
utacnjavani u prostornoj grupi 12/c (br. 13). U toku zagrevanja uzorka, nakon amorfizacije
zeolita, rekristaliSu dve faze: Sr-heksacelzijan [1] i1 Sr-feldspat [2]. Utacnjavanje je
pokazalo da se sa porastom temperature zarenja, povecava procentni udeo Sr-feldspata u
smesi. Na temperaturi 1500 °C u uzorku je prisutan samo Sr-feldspat. Na slici 1 prikazana
je kristalna struktura Sr-feldspata dobijenog na temperaturi od 1500 °C. Pokazatelji
pouzdanosti utaénjavanja su dobri (vrednost Bragovog R-faktora je 7 %, a vrednost x* je 9).
Struktura Sr-feldspata (sl. 1) okarakterisana je vakancijama koje se nalaze u polozaju Sr**
jona.

[1] A. Kremenovi¢, P. Norby, R. Dimitrijevi¢, V. Dondur, Solid State Ionics, 101, (1997),
611-618
[2] P. Benna, E. Bruno, American Mineralogist, 86, (2001), 690-696
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In order to study androgenic vs. antiandrogenic activity, new compound 6a.,70-
epoxy-17-oksa-D-homo-1,4-androstadien-3,16-dion was synthesized in several synthetic
steps, starting from dehydroepyandrosterone.

The compound crystallizes in the monoclinic system, space group P2, with the
unit cell parameters a=7.418(3), b=10.018(19), c=11.157(4)A, p=103.97(5)° and Z=2,
D,=1.30 Mgm’3 , u=0.09 mm™', MoK, radiation.

The crystal structure was solved by direct methods on the basis of 1501
independent reflections using SHELXS-86 [1] and refined by SHELXIL.-97 [1]. The final R
factor is 0.0498 for 900 reflections with I>2c(1).

Figure 1. A view of the molecular structure of Cjy O4 Hj,

[1] SHELX97 - Programs for Crystal Structure Analysis (Release 97-2). Sheldrick,
G.M,, Institiit fiir Anorganische Chemie der Universitdt, Tammanstrasse 4, D-3400
Gottingen, Germany, 1998.
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U cilju ispitivanja androgene odnosno antiandrogene aktivnosti, polaze¢i od
dehidroepiandrosterona, sintetizaovano je u viSe sintetskih faza novo jedinjenje: 6,70
epoksi-17-oksa-D-homo-1,4-androstadien-3,16-dion.

Jedinjenje kristaliSe u monoklinicnom kristalografskom sistemu, prostorna grupa
P2, sa parametrima elementarne celije a=7,418(3), b=10,018(19), c=11,157(4)A,
B=103,97(5)° i Z=2, D,=1,30 Mgm™, p=0,09 mm™', MoK,, zradenje.

Struktura kristala je reSena primenom direktnih metoda na bazi 1501 nezavisnih
refleksa pomo¢u SHELXS-86 [1] i uta¢njena pomocu SHELXL-97 [1]. Kona¢na vrednost
R faktora je 0,0498 za 900 refleksa sa [>4o(1).

Slika 1. Prikaz molekulske strukture C;9 O4 Hy,

[1] SHELX97 - Programs for Crystal Structure Analysis (Release 97-2). Sheldrick,
G.M,, Institiit fiir Anorganische Chemie der Universitdt, Tammanstrasse 4, D-3400
Gottingen, Germany, 1998.
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The thiourea derivates have often been found among the therapeutic agents' or
other biologically interacting molecules such as insecticides and pesticides. In a majority of
cases, the biological activities of these compounds are attributed to the particularities of the
sulfur atom in their thioureide fragment (-NH-C(=S)-NH,). It is well known that in these
kinds of compounds, the resonance effect which includes free electron pairs of both
nitrogen atoms and C=S bond considerably increase the negative charge on a sulfur atom
and its acceptor ability in the hydrogen bonding proces®. Thioureido fragment is also a part
of the thiosemicarbazide derivates and theirs transition metal complexes. A high resolution
low temperature X-ray experiment combined with the multipole refinement’ has been used
for the determination of the charge density distribution in salicylaldehyde tiosemcarbazone.
In this crystal structure, sulfur atom is engaged as an acceptor in several hydrogen bonding
interactions of N-H...S and C-H...S types. The electron density of the sulfur's lone pairs has
the shape of torus which is symmetrically distributed around the sulfur atom. It has been
found that one of the C-H...S interactions induce stronger polarization of the electron
density within the sulfur's torus than the corresponding N-H..S hydrogen bond.

[1]1O.J. D'Cruz & F.M. Uckun Mol. Hum. Reprod; 2005 11(10):767-777 B. Phetsuksiri et
al. J. Biol.Chem. 278 (2003) 53121-53130.

[2] F.H. Allen et al. Acta Cryst. B53 (1997) 680-695.

[3] Hansen, N. K. & Coppens, P. Acta Crystallogr. A34 (1978) 909-921.
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Derivati tiouree su &esto prisutni kao terapeutski agensi' ili druge vrste bilologki
aktivnih molekula kao $to su neke grupe insekticida i pesticida. U velikom broju slucajeva,
bioloska aktivnost ovih jedinjenja je uslovljena specifiénim osobinama atoma sumpora iz
tioureido fragmenta (-NH-C(=S)-NH,). Poznato je da rezonancioni efekt u ovom
fragmentu, koji ukljucuje slobodne elektronske parove oba atoma azota i C=S vezu
znacajno povecava negativno naelektrisanje na atomu sumpora a time i njegove
akceptorske sposobnosti u vodoniénim vezama®. Tioureido fragment je takodje sastavni deo
derivata tiosemikarbazida i njihovih kompleksa sa prelaznim metalima. Primenom
niskotemperaturnog eksperimenta difrakcije rendgenskog zracenja visoke rezolucije u
kombinaciji sa multipol-utaénjavanjem® odredjena je raspodela elektronske gustine u
tiosemikarbazonu salicilaldehida. U ovoj kristalnoj strukturi, atom sumpora je angaZovan
kao akceptor u nekoliko vodoni¢nih interakcija N-H...S i C-H...S tipa dok je elektronska
gustina njegovih slobodnih elektronskih parova simetri¢no rasporedjena oko C-S veze i ima
oblik torusa. Utvrdeno je da jedna od C-H...S interakcija uslovljava ja¢u polarizaciju
valentne elektronske gustine atoma sumpora nego $to je to slucaj sa N-H...S vodoni¢nom
vezom.

[1] O.J. D'Cruz & F.M. Uckun Mol. Hum. Reprod; 2005 11(10):767-777 B. Phetsuksiri et
al. J. Biol.Chem. 278 (2003) 53121-53130.

[2] F.H. Allen et al. Acta Cryst. B53 (1997) 680-695.

[3] Hansen, N. K. & Coppens, P. Acta Crystallogr. A34 (1978) 909-921.
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The mineralogical and crystallographic properties of zeolitic tuff from "Joviéi"
deposit (Bosnia and Herzegovina) have been investigated. Samples rich in natural analcime
were characterized by DT (Differential Thermal) and TG (Thermo-Gravimetric), SEM
(Scanning Electron Microscopy) and XRPD (X-Ray Powder Diffraction) analyses. The
Rietveld method was used for quantitative phase determination. The criterion used to assign
mass losses was following: analcime exibits a continuous mass loss up to 400 °C of about
5.5 wt%. The chemical data (EDS analyses) for analcime are following (average on four
analyses): Si=26.43 %; Al=11.84 %; 0=51.07 %; Na=9.55 %; K=0.31 %; Mg=0.15 %;
3¥=99.35 %. The R value (Si/(Si+Al) ratio) is 0.69 and Na/(Na+Ca) ratio is 1.

Analcime, biotite, sanidine and quartz were the only minerals determined by
XRPD in the analcime tuff sample. The quantitative Rietveld analyses were performed by
using the FULLPROF software. Quantitative volume fractions (%) are as follows: analcime
44.79(0.9), sanidine 33.20(0.6), biotite 20.99(0.9), and quartz 1.02(0.1). The analcime tuff
sample was refined on cubic (/a-3d), tetragonal (/4;/acd) and orthorhombic (/bca) analcime
unit-cell parameters. Tetragonal unit-cell parameters of analcime yielded the best
refinement agreement factors (R,=22.0, R,=24.2, R,,,=10.0, Rz=5.99, R=5.95). Refined
tetragonal unit-cell parameters for analcime are a=13.7097(3), c=13.6953(4) A,
V=2574.112(7) A>.
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Y 0BOM pajgy AaTH Cy pe3yNTaTd KpUCTAIOTpad)CKUX MCIUTHBAMKA aHAJIIMMCKOT Tyda ca
nokanmTera ,,JoBuhu“, bocna u XepueroBuna. Y3opuu Oorary aHaJIIUMOM aHAIN3UPAHU
cy mudepenumjanno-repmuukom (DT), rtepmo-rpaBumerpujckom (TG), ckenupajyhe-
enekporckoM (SEM) m penaren-mudpakmuonom (XRPD) meromom. KaanTHTaTHBHA
MHUHEpaJIOIIKa aHaium3a je wu3BpmieHa momohy PursenmoBe (Rietveld) werone.
JudepeHnnjarHo-TepMUIKa M TEPMO-TPABIMETPHjCKA aHAM3a je IMoKa3ala Ia KOJ
aHaJILMMA [I0CTOjH KOHCTaHTaH ryouTak mace 10 oko 400 °C. Ykynan ry6uTak Mace je oKo
5,5 % (rexunckux). [Ipocek yetupu xemujcke ananuze (SEM-EDS) ananuuma je cnenehu:
Si=26.43 %; Al=11.84 %; 0=51.07 %; Na=9.55 %; K=0.31 %; Mg=0.15 %; £=99.35 %.
Opnoc mpexHux katjoHa (Si/(SitAl)) je R=0,69, nok je oJHOC BaHMPEKHHX KaTjoHA
(Na/(Na+Ca)) 1.

Ananuum, OMOTHT, CaHUIMH M KBapIll Cy MUHEPAJIM KOjU cy oapel)eHH KBaJUTaTHBHOM
PEHAreHCKOM aHaJIM30M Ipaxa. KBaHTHTaTHBHA MUHEpAJIOIIKA aHaM3a je ypaleHa nomohy
pauynapckor nporpama FULLPROF. KBanturatuau omHoc munepana (%) je cinenehu:
agammM  44.79(0.9), cammmma  33.20(0.6), Owmotut 20.99(0.9), m xmapm 1.02(0.1).
TerparonanHan mapaMmeTpu jenuHWYHE henmuje aHamuMa Cy gaiam Hajoosse (akTope
cmarawa (R,=22,0, R,=24,2, R.,=10,0, Rz=5,99, R/=595). YTaumeHu mnapameTpu
je,3Z[I/IHI/I‘{He hemuje (I4,/acd) cy cnenehu: a=13,7097(3), ¢=13,6953(4) A, V=2574,112(7)
A
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Four mixtures of Ca;,Y,MnO; with x equal 0, 0.1, 0.2, and 0.3 were synthesized by
modified glycine nitrate procedure [1]. According to X-ray powder diffraction results the
obtained nanopowders consist of perovskite-type structure as a main phase, and small
amount of Ca,Mn;0g. Rietveld refinement of X-ray diffraction patterns and calculation of
the contents of both phases in investigated samples were carried out using the program
FullProf [2].

Refined orthorhombic cell dimensions of perovskite-type compounds Ca; Y, MnO;
(space group Pnma, Z=4) are: a=5.2808(5), b=745754), c=52776(6)A,
V=207.84(3) A’ in sample with x =0, a=5.3052(4), b=7.4708(6), c=75.2801(5) A,
V=209.283) A’ in sample with x=0.1, a=25283(1), b=7.5227(4), ¢=5.292(1) A,
V=210.31(6) A* in sample with x =0.2 and a =5.314(1), b =7.4614(8), ¢ =5.302(1) A,
V'=210.23(7) A? in sample with x = 0.3.

The secondary phase, Ca,Mn;Og is the first reported example of a compound
possessing prismatically coordinated Ca’" ions [3]. The refined lattice parameters of
Ca,Mn;0; (space group C2/m, Z=2) are a=11.032(1), b=5.8457(7), ¢ =4.9442(7) A,
£ =109.841(9) °, ¥=299.92(6) A* in sample with x =0 and a = 11.004(6), b = 5.865(3),
c=4.9423) A, f=110.15(4) °, V'=299.4(3) A in sample with x = 1. Quantitative analysis
shows that the amount of Ca,Mn;Og decreases with increasing concentration of Y.
In undoped CaMnOj; sample the amount of Ca,Mn;Oyg is ~ 28%, and in sample with x = 0.3
it is below 1%. The influence of Y on unit cell parameters and atomic positions was
analyzed. Microstructure size-strain analysis was performed for all samples.

[1] S. Boskovi¢, B. Matovi¢, M. Vlaji¢, V. Krsti¢, Ceram. Int., Article in Press.

[2]J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse
(1990) 127.

[3] G. B. Ansell, M. A. Modrick, Acta. Cryst., B 38 (1982), 1795-1797.
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Modifikovanom glicin-nitrat metodom sintetizovane su Cetiri meSavine Ca;.
xYxMnO; pri ¢emu x ima vrednosti 0, 0,1, 0,2, 1 0,3 [1]. Prema rezultatima rendgenske
difrakcije dobijeni nanoprahovi kao dominantnu sadrze fazu sa perovskitskom strukturom i
malu koli¢inu Ca,Mn;Og. Na ispitivanim uzorcima uradena je Ritveldova analiza
kori$¢enjem programa FullProf [2] i izracunat sadrzaj obe faze.

Uta¢njavanjem su dobijeni slede¢i parametri za rombic¢nu jedini¢nu ¢éeliju kod faze
sa perovskitskom strukturom, Ca; Y ,MnOj; (prostorna grupa Pnma, Z =4): a = 5,2808(5),
b=14575(4), c=5.2776(6) A, V=207,84(3) A’ u uzorku sa x=0, a=53052(4),
b=14708(6), ¢=52801(5)A, 7=209,283)A’ u uzorku sa x=0,1, a=5283(1),
b=15227(4), ¢=5292(1)A, 7=210,31(6) A’> u uzorku sa x=02 i a=57314(1),
b=7,4614(8), c = 5,302(1) A, V'=210,23(7) A’ u uzorku sa x = 0,3.

Sekundarna faza, Ca,Mn;Os, je prvo jedinjenje kod kojeg je pronadena prizmatska
koordinacija Ca*" jona [3]. Uta¢njeni parametri jedini¢ne Celije za Ca,Mn;Oy (prostorna
grupa C2/m, Z=2) su: a=11,032(1), b=75,8457(7), c =4,9442(7) A, p=109,841(9) °,
V=299,92(6) A> u uzorku sa x=0 i a=11,004(6), b=5.8653), c=4942(3)A,
£=110,15(4) °, V=299,4(3) A’ u uzorku sa x = 1. Kvantitativna analiza pokazuje da se
koli¢ina Ca,Mn;Og smanjuje sa povecanjem koncentracije Y. U nedopiranom CaMnOj;
uzorku maseni udeo Ca,Mn;0g je ~ 28%, a u uzorku sa x = 0,3 ispod 1%. Analiziran je
uticaj Y na parametre jedini¢ne Celije 1 polozaje atoma. Za sve uzorke je uradena analiza
mikrostrukturnih parametara, veli¢ine kristalita i mikronaprezanja.

[1] S. Boskovi¢, B. Matovi¢, M. Vlajié, V. Krsti¢, Ceram. Int., Article In Press.

[2]J. Rodriguez-Carvajal, Collected Abstract of Powder Diffraction Meeting, Toulouse
(1990) 127.

[3] G. B. Ansell, M. A. Modrick, Acta. Cryst., B 38 (1982), 1795-1797.
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Between Ti and TiO, there is extended series of oxides with lower Ti oxidation
states. Some of them are of great interest due to high conductivity comparable to graphite
and more corrosion resistance than conventional electrode materials. The oxides with a
general formula Ti,0,,.; and 4<n<10 (or TiO,, 1,75<x<1,90) are known as Magnéli phases.
They are related to the TiO,, rutile structure, which contains a distorted hexagonal close
packing (hcp) of O ions with Ti*" cations occupying every other octahedral site. The TiOg
octahedra form the infinite edge-sharing chains, which are further linked together by
corner-sharing. In Magnéli phases as n decreases, the number of occupied octahedra
increases. As a result the rutil-like chains are interrupted at every nth octahedron making a
share plane where the octahedra share faces in addition to edges and corners. Another
group of oxides with x<1 also exists. It can be derived from hcp of Ti atoms with partial
(TigO, Tiz0, Ti,0) or full (TiO) occupancy of octahedral sites by O* ions. In all cases,
either direct Ti—Ti contacts or interactions between neighbouring Ti atoms belonging to the
face-sharing octahedra are responsible for the metallic conductivity.

So far these oxides were prepared in a very inconvenient way by partial reduction of
TiO, at about 1700 °C in a hydrogen atmosphere. The aim of this work is the
mechanochemical synthesis of TiO, in a planetary ball mill starting from appropriate
mixtures of Ti and TiO,. The mixtures were milled for different milling times (0.5, 1, 2 and
5 h) using hardened-steel or zirconia vials and balls in an air atmosphere. The products are
characterized by X-ray powder diffraction and TG/DT analysis.

In hardened-steel medium, after 0.5 h of milling only a mixture of reactants was
obtained, while after 1 h the maxima of TiO phase, besides the maxima of Ti and TiO,,
became visible. After 2 h of milling a single-phase TiO of very low crystallinity was
obtained. The milling during 5 h caused a significant Fe contamination (about 40 mass.%)
due to vials and balls debris. In zirconia vials the mechanochemical reaction is faster since
almost pure TiO phase was obtained already after 1 h of milling. So far attempts to prepare
Ti,0,,., compounds, like T,O,, were not successful.

The results of TG/DT analysis indicated that the mechanochemically prepared TiO
samples very likely are not quite stoichiometric and still contain some T ions with y>2.
This is shown by heating a sample up to 1200 °C in an air atmosphere, since the
experimental mass gain (18.3 %) was smaller than the value expected for TiO — TiO,
oxidation (25.0 %).
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Izmedu Ti i TiO, postoji brojna serija oksida sa nizim oksidacionim stanjima Ti.
Neki od tih oksida su posebno interesantni zbog svoje visoke provodnosti, poredive sa
grafitnom, kao i zbog toga Sto su otporniji na koroziju od vecine poznatih elektrodnih
materijala. Jedna grupa oksida opste formule Ti,0,,.; sa 4<n<10 (ili TiO,, 1,75<x<1,90)
naziva se Manjelijevim fazama. Njihova struktura se izvodi iz strukture rutila, TiO,, koja
predstavlja deformisano heksagonalno najguiée pakovanje (hcp) O*-jona, gde katjoni Ti*"
popunjavaju svaku drugu oktaedarsku Supljinu. Povezivanjem preko zajednickih ivica TiOg
oktaedri formiraju beskonacno duge lance, koji su medusobno povezani preko rogljeva.
Kako se vrednost n smanjuje, broj popunjenih oktaedarskih Supljina u Manjelijevim fazama
se povecava, tako da se lanci oktaedara posle svakog n-tog oktaedra modifikuju
povezivanjem preko zajednickih pljosni. Postoji i druga grupa oksida sa x<I, Cija se
struktura moZe izvesti iz hep atoma Ti, pri Gemu joni O” delimi¢no (TigO, Ti;O, Ti,O) ili
potpuno (TiO) popunjavaju oktaedarske Supljine. U svakom slucaju direktne Ti—Ti veze, ili
interakcije izmedu susednih atoma Ti iz oktaedara sa zajedni¢kim pljosnima, dovode do
provodnosti metalnog tipa.

Do sada su opisani oksidi dobijani veoma neudobnim postupkom — redukcijom TiO,
u atmosferi vodonika na temperaturama veéim od 1700 °C. Cilj ovog rada jeste
mehanohemijsko dobijanje TiO, u planetarnom mlinu polaze¢i od odgovarajucih smesa Ti i
TiO,. Smese su mlevene u posudama od celika i ZrO, sa odgovarajuéim kuglicama u
atmosferi vazduha. Vremena mlevenja su bila razli¢ita (0,5, 1, 2 1 5 h), a dobijeni uzorci su
okarakterisani rendgenskom difrakcijom i TG/DT analizom.

Nakon mlevenja od 0.5 h u ¢elicnim posudama dobijena je samo smeSa polaznih
komponenata, dok su se posle mlevenja od 1 h pored pikova Ti i TiO, pojavili i pikovi TiO.
Mlevenjem u trajanju od 2 h dobijena je samo TiO faza niskog kristaliniteta. PetoCasovno
mlevenje dovelo je do znacajnog zaprljanja sistema gvozdem (oko 40 mass.%) usled
otiranja posuda i kuglica. Mehanohemijska reakcija u ZrO, posudama odigrava se vecom
brzinom, jer je ve¢ nakon 1 h dobijen skoro monofazni TiO kao proizvod. Pokusaji da se
dobiju oksidi tipa Ti,0,,.1, kao sto je Ti4O,, za sada nisu bili uspesni.

Rezultati TG/DT analize ukazali su da mehanohemijski dobijeni uzorci TiO nisu
stehiometrijski, ve¢ sadrze i Ti"'-jone sa y>2. Naime, zagrevanjem uzoraka do 1200 °C u
vazduhu zapazen je manji porast mase (18,3 %) nego Sto je bilo ocekivano za reakciju
oksidacije TiO — TiO, (25,0 %).
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In order to study androgenic vs. antiandrogenic activity, new compound, 4p3,5p-
epoxy-17-oxa-D-homo-androsta-3,16-dion, was synthesized in several synthetic steps,
starting from dehydroepyandrosterone.

The compound crystallizes in the monoclinic system, space group P2, with the
unit cell parameters a=7.555(4), b=10.510(4), c=10.189(6)A, B=92.43(5)° and Z=2,
D,=1.31 Mgm’3 , u=0.09 mm™', MoK, radiation.

The crystal structure was solved by direct methods on the basis of 1674
independent reflections using SHELXS-86 [1] and refined by SHELXIL.-97 [1]. The final R
factor is 0.0447 for 994 reflections with I>2c(1).

Figure 1. A view of the molecular structure of Ci9 O4 Hy

[1] SHELX97 - Programs for Crystal Structure Analysis (Release 97-2). Sheldrick,
G.M.,, Institiit fiir Anorganische Chemie der Universitdt, Tammanstrasse 4, D-3400
Gottingen, Germany, 1998.
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U cilju ispitivanja androgene odnosno antiandrogene aktivnosti, polaze¢i od
dehidroepiandrosterona, sintetizaovano je u vise sintetskih faza novo jedinjenje: 4f,583-
epoksi-17-oksa-D-homo-androsta-3,16-dion.

Jedinjenje kristaliSe u monoklini¢cnom kristalografskom sistemu, prostorna grupa
P2,, sa parametrima elementarne dcelije a=7,555(4), b=10,510(4), c=10,189(6)A,
B=92,43(5)° i Z=2, D,=1,31 Mgm™, p=0,09 mm™', MoK, zradenje.

Struktura kristala je reSena primenom direktnih metoda na bazi 1674 nezavisnih
refleksa pomo¢u SHELXS-86 [1] i uta¢njena pomocu SHELXL-97 [1]. Kona¢na vrednost
R faktora je 0,0447 za 994 refleksa sa [>4o(]).

Slika 1. Prikaz molekulske strukture C;9 O4 Hyg

[1] SHELX97 - Programs for Crystal Structure Analysis (Release 97-2). Sheldrick,
G.M., Institiit fiir Anorganische Chemie der Universitidt, Tammanstrasse 4, D-3400
Gottingen, Germany, 1998.
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The noncovalent interactions of m-system have been extensively studied in recent
year. The cation-r interactions is considered an important non-covalent bonding force in a
wide range of molecular systems. It was shown that this type of interactions can also exist
when the cation is a transition metal complex. Cation-m interactions between ligands
coordinated to a metal cation and aromatic groups, so-called metal ligand arometic cation-nt
(MLAC-n) interactions, have been found in crystal structures of metalloproteins from the
Protein Data Bank', and in crystal structures of transition metal complexes from Cambridge
Structural Database”.

By coordination to metal atoms, the acetylacetonato ligand (acac) makes a planar
chelate ring with the delocalized bonds. The acetylacetonato ligand has negative charge, but
a partial positive charge is transferred from a metal cation to the ligand by coordination.
Hence, the acac chelate can make CH/z interactions with phenyl ring in two ways: as the
hydrogen atom donor or acceptor’. The extent and nature of electron delocalization in the
chelate ring can influence CH/n interactions. The analyses of crystal structures show that
interactions with the acetylacetonato ligand acting as H-atom donor depend on the metal in
an acetylacetonato chelate ring: the chelate rings with soft metals make stronger
interactions. The same trend was not observed in the interactions where the acetylacetonato
chelate ring acts as the hydrogen atom acceptor.

By searching Cambrdige Structural Database (CSD), we found a large number of
structures where an acetylacetonato ligand (CH and CHj; groups) is involved in interactions
with a phenyl ring as a hydrogen atom donors. We found 32 interactions with CH group
and 584 interactions with CH; groups. In case of CH/mn interactions with chelate
acetylacetonato ring as H-atom acceptor, we found 41 intermolecular and 30 intramolecular
interactions.

[1]S. D. Zari¢, D. Popovi¢, E. W. Knapp Chem-Eur. J. 6 (2000) 3935-3942.

[2] M. K. Mil¢i¢, S. D. Zari¢ Eur. J. Inorg. Chem. (2001) 2143-2150.

[3] M. K. Mil¢i¢, V. B. Medakovi¢, D. N. Sredojevi¢, N. O. Jurani¢ and S. D. Zari¢ Inorg.
Chem 20 (20006), in press
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Nekovalentne interakcije m-sistema su intenzivno proucavane poslednjih godina. Katjon-n
interakcije se smatraju vaznim nekovalentnim vezivnim silama i proucavane su u mnogim
molekulskim sistemima. Pokazano je da ovaj tip interakcija moze takode postojati kada je
katjon kompleks prelaznih metala. Katjon-n interakcije izmedu liganada koordinovanih za
metalni katjon i aromati¢nih grupa, takozvane metal ligand aromati¢ne katjon-t (MLAC-7)
interakcije, su pronadene u kristalnim strukturama metaloproteina iz Proteinske banke
podataka', i u kristalnim strukturama kompleksa prelaznih metala iz Kembridzske banke
podataka’.

Koordinujué¢i se za atome metala, acetilacetonato ligand (acac) gradi planarne helatne
prstenove sa delokalizovanim vezama. Acetilacetonato ligand poseduje negativno
naelektrisanje, ali koordinacijom za metal parcijalno pozitivno naelektrisanje se prenosi sa
metala na ligand. Prema tome, acac helati mogu graditi CH/xn interakcije sa fenil grupom na
dva na¢ina: kao donori vodonikovog atoma ili kao akceptori’. Stepen i priroda elektronske
delokalizacije u helatnom prstenu mogu da uti¢u na CH/x interakcije. Analiza kristalnih
struktura pokazuje da interakcije sa acetilacetonato ligandima kao donorima vodonika
zavisi od metala u acetilacetonato helatnom prstenu: helatni prstenovi sa mekim metalima
grade jace interakcije. Isti trend nije primecen kod interakcija gde se acetilacetonato helatni
prsten ponasa kao akceptor vodonikovog atoma.

Pretragom Kembridzske banke podataka (CSD), pronasli smo veliki broj struktura gde je
acetilacetonato ligand (CH i CHj grupe) ukljucen u interakcije sa fenil grupom kao donor
vodonikovog atoma. Pronadene su 32 interakcije sa CH-grupom i 584 sa CH;-grupom. U
slu¢aju CH/n interakcija sa acetilacetonato helatnim prstenom kao akceptorom H-atoma,
pronasli smo 41 intermolekulsku i 30 intramolekulskih interakcija.

[1] S. D. Zari¢, D. Popovi¢, E. W. Knapp Chem-Eur. J. 6 (2000) 3935-3942.

[2] M. K. Mil¢i¢, S. D. Zari¢ Eur. J. Inorg. Chem. (2001) 2143-2150.

[3] M. K. Mil¢i¢, V. B. Medakovi¢, D. N. Sredojevi¢, N. O. Jurani¢ and S. D. Zari¢ Inorg.
Chem 20 (2006), u Stampi.
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IN MEMORIAM

Akademik Bela Ribar
(1930-2006)

22.marta 2006. godine iznenada je preminuo na$ profesor, Dr Bela Ribar.

Dr Bela Ribar je roden 5. septembra 1930 godine u Debeljaci. Gimnaziju je zavrSio u
Zrenjaninu 1949 godine. 1955. godine je diplomirao na PMF u Beogradu na odseku za
fiziku. Posle kratkog rada kao profesor fizike u gimnaziji 1958. odlazi na PMF u Sarajevo
gde zapoginje svoju akademsku karijeru. Kao stipendista Svajcarskog nacionalnog fonda, u
periodu od 1966 do 1969 godine boravi na Univerzitetu u Bernu na Odeljenju za
kristalografiju, gde je maja 1969. godine odbranio doktorsku disertaciju. Od septembra
1970. godine prelazi na PMF u Novom Sadu, gde je izabran za docenta a septembra 1980.
za redovnog profesora na predmetu Elektromagnetizam i Optika za studente II godine
fizike.

1987. godine izabran je za dopisnog ¢lana VANU, a 2000. za redovnog ¢lana
SANU. 2003-4. je jedan od inicijatora za reosnivanje VANU, gde je 2004. godine izabran
za redovnog ¢lana. 3.maja 2004. godine izabran je za spoljnjeg ¢lana Madarske akademije
nauka.

Akademik profesor dr Bela Ribar objavio je oko 200 nauénih radova iz oblasti
Kristalografije i rendgenske strukturne analize kristala, od kojih je vecina objavljena u
vodeé¢im Medunarodnim Casopisima. Dr Bela Ribar je dao znacajan naucni doprinos
proucavanju kristalnih struktura niza neorganskih i organskih supstanci i minerala i u tom
podrucju spada u red veoma uspes$nih i produktivnih istrazivaca. Svojim radom je
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obezbedio visoku nau¢nu reputaciju medu istrazivaéima na polju Rendgenske
kristalografije pre svega u nasoj zemlji ali i u inostranstvu.

Siroko nau¢no podruéje u kojem se citiraju radovi dr Bele Ribara dokazuju da je
problematika koju je istrazivao izvanredno aktuelna i pre svega interdisciplinarnog
karaktera. Prema Science Citation Indexu do kraja 2001. godine rezultati njegovih
istrazivanja citiraju se vise od 1000 puta u nau¢nim casopisima, knjigama, monografijama,
udzbenicima, prirucnicima i disertacijama, i to u Sirokoj lepezi razli¢itih podrudja,
fundamentalnih istrazivanja.

Tokom 25 godina delovanja u Novom Sadu, profesor Bela Ribar je u€inio veoma
mnogo za razvoj strukturne kristalografije u Vojvodini. Osniva¢ je Laboratorije za
Strukturnu analizi kristala u okviru Instituta za fizikn PMF u Novom Sadu ¢iji je
rukovodilac bio sve do penzionisanja. Svoje znanje i iskustvo je uz ogroman entuzijazam
nesebi¢no prenosio na svoje saradnike, koji su pod njegovim neposrednim rukovodstvom
odbranili magistarske i doktorske disertacije i uz njega postali i sami istaknuti istrazivaci.

Kao izvanredan nastavnik i pedagog pokazao je nesebiCno zalaganje na
popularizaciji fizike i kristalografije kako u zemlji tako i u inostranstvu. Pod njegovim
rukovodstvom diplomske radove je uradilo tridesetak studenata fizike.

Sa svojom istrazivatkom ekipom ostvario je intenzivnu i plodnu medunarodno
saradnju. Zahvaljujuéi naucnoj reputaciji koju je stekao u inostranstvu, na osnovu njegove
preporuke vise mladih naucnih radnika iz naSe zemlje je dobilo Svajcarske stipendije.
Plodnu medunarodnu saradnju dr Bele Ribara ilustruje i ¢injenica da je znatan broj nau¢nih
publikacija ostvareno sa istrazivacima iz drugih zemalja.

Dr Bela Ribar je bio jedan od osnivaca i aktivnih ¢lanova Jugoslovenskog centra
za kristalografiju. Bio je i prvi predsednik Srpskog kristalografskog drustva osnovanog
1991 godine, koje je zahvaljujuéi njegovoj naucnoj reputaciji 1992 godine primljeno u
Evropsku kristalografsku asocijaciju a 1993 i u Internacionalnu uniju za kristalografiju.

Niz godina je bio recenzent internacionalnih ¢asopisa Acta Crystallographica,
Journal of Solid State Chemistry i ¢lan redakcionog odbora Glasnika Jugoslovenskog
centra za kriatlografiju, kao i ¢lan organizacionog odbora vise domacih i medunarodnih
konferencija na kojima je ucestvovao sa 120 referata.

Za svoje zasluge akademik prof.dr Bela Ribar je dobio niz odlikovanja i priznanja.

Njegovi saradnici iz Laboratorije za strukturnu analizu kristala,
Instituta za fiziku Prirodno-matematickog fakulteta u Novom
Sadu.
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IN MEMORIAM

Academic Bela Ribar
(1930-2006)

Professor Bela Ribar died suddenly on March 22th 2006 in Novi Sad, Serbia and
Montenegro. He was born on September 5th 1930 in Debeljaca (Yugoslavia). He graduated
in 1955 at the the Department of Physics, Faculty of Sciences in Belgrade. After a short
period of high school teaching, he started his academic career at the Faculty of Sciences in
Sarajevo in 1958. Being a grantee of the Swiss National Fund, he spent three years at the
Crystallography Department of the Bern University, where he obtained his Ph.D. degree in
1969. He joined the Faculty of Sciences in Novi Sad (1970), where he shall become the full
professor in 1980 and teach until his retirement. In 1987 he became the member of the
Academy of Sciences and Arts of Vojvodina (VANU), in 2000 the permanent member of
the Serbian Academy of Sciences and Arts (SANU). In May 2004, he became also the
foreign member of the Hungarian Academy of Sciences (MTA).

Professor dr Bela Ribar published over 200 papers in the field of Crystallography
and X-ray diffraction crystal structure analysis, most of them in the leading international
journals. Dr Bela Ribar made a significant scientific contributions by studying the crystal
structure of a series of inorganic and organic substances and minerals.The broad scientific
field where the results of Prof. Ribar are cited, proves that his scope of problems was
always actual and dominantly of interdisciplinary character. According to Science Citation
Index his results were cited over 1000 times in various scientific publications of different
branches of fundamental research.

During 25 years of activity in Novi Sad, professor Bela Ribar has done a lot for the
development of the structural crystallography in the region of Vojvodina. He was the
founder and the Head of the Laboratory for the Crystal Structure Analysis within the
Institute of Physics of the Faculty of Sciences. He shared his knowledge and experience
with great enthusiasm with his colaborators, who prepared their M.Sc.and Ph.D.Theses
under his supervision and became prominent researchers themselves.He and his research
team realized an intensive and fruitful international cooperation.

Dr Bela Ribar was one of the founders and active members of the Yugoslav Center
for Crystallography. He was also the first president of the Serbian Crystallographic Society
founded in 1991.He served for many years as the referee of the international journals Acta
Crystallographica, Journal of Solid State Chemistry and the member of the Editorial Board
of the publication of the Yugoslav Center for Crystallography.



